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INTRODUCTION 

Vic to ria is lo cated in one of the most seis mi cally ac tive re gions of Can ada. Van cou ver Is land has ex pe ri enced two large
earth quakes this cen tury, in 1918 (M=7.0) and 1946 (M=7.3; Rog ers, 1998). The lat ter was the most dam ag ing in west ern
Can ada and caused mi nor dam age in the Vic to ria area, which was 200 km from the epi centre (Hodgson, 1946; Wuorinen,
1974, 1976). In ad di tion, there is po ten tial for very large (M~9) earth quakes on the Cascadia subduction zone west of Van -
cou ver Is land (Rog ers, 1988, 1994; Clague, 1996). Vic to ria is more likely to be sub jected to strong earth quake ground mo -
tions than any other ma jor city in the coun try (Ad ams et al., 1995).

The ef fects of earth quakes are not only de pend ent upon the mag ni tude of the earth quake and the dis tance from the
source, but they can vary con sid er ably due to lo cal geo log i cal con di tions. These con di tions can be mapped with vary ing de -
grees of com plete ness us ing ex ist ing geo log i cal and geotechnical data. It is the ob jec tive of this re port and the ac com pa ny ing
maps to show those ar eas of Greater Vic to ria where the earth quake haz ard is in creased due to the pres ence of soils sus cep ti ble
to liq ue fac tion (Geoscience Map 2000-3a; Monahan et al., 2000b) and am pli fi ca tion of ground mo tion (Geoscience Map
2000-3b; Monahan et al., 2000c). Three ad di tional maps rel e vant to earth quake haz ards are also be ing pub lished as part of
this in ves ti ga tion: a map of the Qua ter nary ge ol ogy, on which these haz ard maps are based (Geoscience Map 2000-2;
Monahan and Levson, 2000); a map that shows ar eas sus cep ti ble to earth quake-in duced slope in sta bil ity (Geoscience Map
2000-3c; McQuarrie and Bean, 2000); and a com pos ite map that shows ar eas sus cep ti ble to the am pli fi ca tion of ground mo -
tion, liq ue fac tion, and earth quake-in duced slope in sta bil ity haz ards (Geoscience Map 2000-1; Monahan et al., 2000a). Pre -
lim i nary re sults of this in ves ti ga tion were dis cussed by Monahan and Levson (1997), Monahan et al. (1998), and Valeriote
(1997).

An earth quake haz ard map of the City of Vic to ria by Wuorinen (1974, 1976) fo cused on the am pli fi ca tion haz ard. That
map was based on the thick ness and dis tri bu tion of Qua ter nary de pos its over ly ing bed rock, and on eye wit ness ac counts of the 
ef fects of the 1946 Van cou ver Is land earth quake. The maps de scribed here in clude all of the Greater Vic to ria ur ban area, as -
sess the am pli fi ca tion haz ard us ing mod ern tech niques and data, and also ad dress the liq ue fac tion haz ard. The area of this
study in cludes the mu nic i pal i ties of Vic to ria, Saanich, Oak Bay, Esquimalt, View Royal, Colwood and Lang ford. Small cor -
ri dors were added to in clude Hartland Land fill and the Goldstream River val ley up stream to the exit por tal of the Kapoor tun -
nel. 

These maps are in tended for re gional pur poses only, such as land use and emer gency re sponse plan ning, and should
not be used for site-spe cific eval u a tions. Al though these maps can be used with other cri te ria to help plan ners se lect po ten tial
ar eas for de vel op ment, avoid geo log i cally vul ner a ble ar eas and pri ori tise seis mic up grad ing pro grams, the maps do not re -
place the need for site spe cific geotechnical eval u a tions prior to new con struc tion or up grad ing of build ings and other fa cil i -
ties. The qual i fi ca tions and lim i ta tions of these maps are dis cussed in more de tail be low.
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1The term soil refes here to all unlithified ma te rial over ly ing bed rock..
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SUMMARY OF QUATERNARY GEOLOGY

The li thol ogy, thick ness and dis tri bu tion of the Qua ter nary sed i ments are the prin ci pal geo log i cal fac tors used for earth -
quake haz ard map ping in the Greater Vic to ria area (Fig ure 1). These de pos its over lie an ir reg u lar, gla cially scoured bed rock
sur face. The depth to bed rock can vary from zero to as much as 30 metres within the space of a city block (Crawford and
Suther land, 1971; Wuorinen, 1974, 1976; Nasmith and Buck, 1998). Bed rock con sists of high-grade metamorphics through -
out much of the area, meta vol can ics and in tru sive rocks in Saanich Pen in sula, and volcanics in the Colwood area (Mul ler,
1983; Massey et al., 1994). 

The old est Qua ter nary de pos its in the area un der lie the Vashon till of the Late Wisconsinan Fra ser Gla ci ation. They oc -
cur prin ci pally in the cen tral and east ern parts of Saanich Pen in sula, where they are up to 60 metres thick, and have com monly 
been sculpted into a se ries of north-trending drum lin oid ridges and crag-and-tail fea tures. These de pos its are best known
from the sea cliffs on the east side of the pen in sula. The fol low ing units have been rec og nized, in as cend ing or der: an un dated
till; interbedded sand and gravel of the non-gla cial Pre-Wisconsinan Muir Point For ma tion; till and glaciomarine de pos its as -
signed to the early Wisconsinan Dashwood drift; sand, silt and gravel of the mid dle Wisconsinan non-gla cial Cowichan Head 
For ma tion; and sand and gravel of the late Wisconsinan Quadra For ma tion, which has been in ter preted as proglacial outwash
from the ad vanc ing gla ciers of the Fra ser Gla ci ation (Clague, 1976, 1977; Armstrong and Clague, 1977; Al ley, 1979; Howes
and Nasmith, 1983; Hicock and Armstrong, 1983; Blyth and Nasmith, 1993, 1995; Blyth, 1996; Nasmith and Buck, 1998). 

The Vashon till of the late Wisconsinan Fra ser Gla ci ation over lies bed rock di rectly in much of the Greater Vic to ria area.
It is a dis con tin u ous unit and is gen er ally less than a few metres thick. How ever, it is lo cally up to 15 metres thick, as along the
Dal las Road sea cliffs (Hicock et al., 1981; Nasmith and Buck, 1998). In the fol low ing dis cus sions, the Vashon till and un der -
ly ing Pleis to cene de pos its are grouped to gether as “older Pleis to cene de pos its”, be cause they are overconsolidated and gen -
er ally have high shear-wave ve loc i ties (Monahan and Levson, 1997). 

The Vashon Till is over lain by the Capilano sed i ments, which were de pos ited at the close of the Fra ser Gla ci ation when
sea level was higher than pres ent (Armstrong, 1981, 1984). The prin ci pal units of the Capilano sed i ments in the Vic to ria area
are the Vic to ria clay and the Colwood sand and gravel. Shells in these units have pro vided sev eral ra dio car bon dates be tween
12,100 and 12,750 14C years B.P. (Dyck et al., 1965, 1966; Low den et al., 1971). These de pos its are equiv a lent to those of the
Everson Interstade of north west ern Wash ing ton (Easterbrook, 1992, Dethier et al., 1995).
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The Vic to ria clay is a unit of glaciomarine clayey silt with scat tered peb bles that forms a blan ket-like de posit gen er ally
be low an el e va tion of 60 metres, but lo cally up to about 75 metres. It ranges in thick ness from zero over bed rock knolls to 30
metres in de pres sions on the till or bed rock sur face. The Vic to ria clay has three dis tinct fa cies. A lower, soft to firm, grey clay
(grey clay fa cies) is in most places gradationally over lain by a des ic cated and ox i dized crust of stiff, brown clay (brown clay
fa cies) 2 to 5 metres thick (Crawford and Suther land, 1971; Bu chanan, 1993, 1995; Nasmith and Buck, 1998). These two fa -
cies were de pos ited in the same depositional en vi ron ment and are dis tin guished on the ba sis of post-depositional changes.
The Vic to ria clay com monly coars ens slightly up ward, and a sand fa cies oc curs lo cally near the top. The sand fa cies var ies
over very short dis tances from clean, me dium sand, up to sev eral metres thick, to sand beds less than 1 metre thick
interbedded with ei ther grey or brown clay (Fig ure 2). Where the sands oc cur above the wa ter ta ble, they are heavily ox i dized. 
The sand fa cies is in ter preted to rep re sent shore line and nearshore de pos its formed as sea level fell dur ing deglaciation
(Monahan and Levson, 1997; Nasmith and Buck, 1998). 

The brown clay fa cies of the Vic to ria clay is at the sur face in most of the Vic to ria area. How ever, in closed de pres sions
and other low-ly ing ar eas, the brown clay fa cies is ab sent and the Vic to ria clay is gradationally over lain by up to 6 metres of
or ganic silt and peat that rep re sent lake and bog de pos its (Nasmith and Buck, 1998). De po si tion of or ganic soils com menced
be fore the end of the Pleis to cene, based on ra dio car bon dates from the base of these de pos its (Dyck et al., 1966), and con tin -
ued through out the Ho lo cene (e.g. Lowdon et al., 1971). They are re ferred to here as Ho lo cene or ganic soils. The up per part of 
the grey clay fa cies is slightly overconsolidated where over lain by the brown clay fa cies, but nor mally con sol i dated where
over lain by Ho lo cene or ganic soils (Fig ure 2; Nasmith and Buck, 1998). 
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Fig ure 2. SCPT pro files through Vic to ria clay, Rf = fric tion ra tio, qt = tip re sis tance, Vs = shear wave ve loc ity: 2a) Vic to ria clay over lain by
Ho lo cene peat and or ganic soil (map unit O1); note that grey clay fa cies is nor mally con sol i dated (Vs and qt in crease with depth) and
pres ence of sand fa cies at top of clay; 2b) grey clay over lain by brown clay (map unit C2), note that up per part of grey clay is slightly
overconsolidated (Vs and qt de crease with depth).



The Colwood sand and gravel is a glaciofluvial outwash
and deltaic de posit that oc curs at the sur face over much of
Colwood and Lang ford (Fig ure 3). It has been de scribed
briefly by Howes and Nasmith (1983), Blyth and Levson
(1993), Hunt ley (1995) and Yorath and Nasmith (1995). The
max i mum known thick ness of the Colwood sand and gravel
is 30 metres, and the thick ness is prob a bly greater over much
of the delta and outwash plain. These de pos its over lie bed -
rock near the mar gins of the delta and outwash plain, but in
the gravel pits south of Esquimalt La goon they over lie older
Pleis to cene de pos its that are lo cally over 50 metres thick. In
ex po sures in these gravel pits, topset de pos its a few metres
thick over lie gravel and sand foreset de pos its dip ping 15o to
25o to the south east.

The delta and outwash plain is be tween 60 and 90 metres
el e va tion and its apex is lo cated on the Goldstream River up -
stream of Lang ford. Its sur face has been in cised by late-stage
glaciofluvial chan nels and con tains closed de pres sions in ter -
preted to be ket tles. Some of these chan nels and de pres sions
are still oc cu pied by creeks and lakes, and are in part filled
with peat. Silts oc cur in some aban doned chan nel de pos its in
the topset of the delta. Wood found in topset de pos its of the
Colwood delta dur ing this study yielded a ra dio car bon date of 
12,360+70 14C years B.P. (Beta 109128).

De posits of silt up to sev eral metres thick interbedded
with sands have been ob served in testholes and ex po sures on
the delta slope on the north east and south east sides of the
delta (Fig ure 4). These are in ter preted to rep re sent dis tal and
lat eral foreset de pos its (Monahan and Levson, 1997). Sim i lar 
sed i ments likely un der lie other parts of the delta plain. The
slope north west of Esquimalt la goon is in ter preted to be the
flank of a large ket tle rather than the pri mary delta slope, be -
cause the delta prograded around the la goon with out fill ing it
(Howes and Nasmith, 1983; Yorath and Nasmith, 1995).

In the vi cin ity of Happy Val ley Road, glaciofluvial sands 
and grav els are over lain by 1 to 2 metres of silt in ter preted to
be a late-stage glaciolacustrine de posit. In the val ley of
Millstream Creek, im me di ately up stream from the Colwood
delta and outwash plain, up to 14 metres of stiff clay and
interbedded fine sand oc curs in testholes and sur face ex po -
sures. These de pos its are in ter preted here to rep re sent
glaciolacustrine de pos its mar ginal to the Colwood delta and
outwash plain, and sim i lar de pos its are in ferred to oc cur in
other small val leys ad ja cent to the Colwood delta and
outwash plain. 

In shore line and nearshore set tings, the brown clay fa cies 
of the Vic to ria clay ex tends be low mod ern sea level, be cause
rel a tive sea level fell be low its mod ern po si tion in the lat est
Pleis to cene and ear li est Ho lo cene (Mathews et al., 1970;
Clague et al., 1982; Hutch in son, 1992). The ex tent of sea
level fall was at least 25 metres, be cause brown clay has been
re ported in bore holes ex am ined in the course of this study up
to this depth be low mod ern sea level, and may have been as
much as 50 metres (Lin den and Schurer, 1988). In these set -
tings, the brown clay fa cies is over lain by Ho lo cene ma rine
mud de pos ited dur ing the Ho lo cene rise in sea level (Fig ure
5; Crawford and Suther land, 1971; Nasmith and Buck, 1998). 
Ho lo cene ma rine muds are lo cally over lain by prograding
shore line sands, de rived from ero sion of nearby sandy head -
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wave ve loc ity. From Monahan and Levson, 1997.



lands. Shore line sands are in turn lo cally over lain by peat
(Fig ure 6). In some places, shore line peat de pos its are over -
lain by re cent beach sands and intertidal sed i ments, pos si bly
re flect ing earth quake-re lated el e va tion changes (Clague,
1989; Clague and Bobrowsky, 1990; Bobrowsky and Clague, 
1992; Mathewes and Clague, 1994; Clague, 1996; Monahan
and Levson, 1997).

GEOLOGICAL MAPPING

The ini tial step in eval u at ing the vari a tion of earth quake
haz ards in the Vic to ria area was the prep a ra tion of a geo log i -
cal map that shows the thick ness and dis tri bu tion of Qua ter -
nary strati graphic units (Monahan and Levson, 2000).
Subsurface geo log i cal data on which the geo log i cal map is
based in clude: over 5000 geotechnical bore hole logs ob -
tained from a va ri ety of pub lic and pri vate agen cies; sev eral
hun dred wa ter well logs ob tained from the Ground wa ter Sec -
tion of the Min is try of the En vi ron ment and that are avail able
on the in ternet (http://www.env.gov.bc.ca/wat/gws/); nearly
3000 en gi neer ing draw ings for mu nic i pal sewer and wa ter
lines, that com monly show where bed rock was en coun tered
in ex ca va tions; and data from a shear-wave test ing pro gram
con ducted to de ter mine the av er age shear-wave ve loc i ties for 
the prin ci pal Qua ter nary geo log i cal units (Monahan and
Levson, 1997). 

Geo log i cal map units were de fined on the ba sis of these
data (Ta ble 1) and in part to co in cide with the U.S. Na tional
Earth quake Haz ard Re duc tion Pro gram (NEHRP) def i ni -
tions of site classes for sus cep ti bil ity to am pli fi ca tion of
ground mo tion (Ta ble 2; Build ing Seis mic Safety Coun cil,
1994). Map unit bound aries were in ter preted on the ba sis of
the subsurface data, airphotos (~1:20,000 black and white
dated 1974 and ~1:5000 col our dated 1990) and large-scale
top o graphic maps (1:2000 to 1:5000). Soils maps by Day et
al. (1959) and Jungen (1985) also pro vided use ful in for ma -
tion. Limited field check ing was con ducted. 

In ar eas with lit tle or no subsurface data, the subsurface
con di tions are largely in ferred from top o graphic and
geomorphic ev i dence. For ex am ple, scat tered bed rock with
thin soil cover (unit R2), gen er ally oc curs in hills and up land
ar eas, and thick soft glaciomarine clays (units C2 and O1)
gen er ally oc cur in low-ly ing ar eas. Also in ar eas lit tle or no
subsurface data, map unit C1 was ap plied to ar eas of slop ing
ground be tween oc cur rences of units R2 and C2, and in these
ar eas rep re sents an un cer tain pro por tion of both these units.
To as sist the user in de ter min ing the ac cu racy of the
subsurface geo log i cal map ping, sites where subsurface geo -
log i cal data were ob tained are shown on the ac com pa ny ing
geo log i cal map and am pli fi ca tion haz ard and liq ue fac tion
haz ard maps.
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TA BLE 1
GEO LOGIC MAP UNITS AND HAZ ARD RAT INGS

Areas with Holocene deposits at the surface

S4 Holocene beach sands variable *
high to very

high

S3 Stream deposits variable *
high to very

high

S2 Goldstream delta deposits D moderate
high to very

high

S1 Alluvial fan and fan delta deposits variable ***
moderate to
very high

O5 Holocene peat over Holocene beach sand E-F
high to very

high
high to very

high

O4 Holocene peat over glaciolacustrine deposits D-F
moderate to
very high

low to
moderate

O3
Peat over sand and gravel of the Colwood delta and
outwash plain

D-F
moderate to
very high

low to
moderate

O3a Closed depressions, interpreted to be kettles D-F
moderate to
very high

low to
moderate

O2 Upland peat deposits***** D-F
moderate to
very high

very low to
low

O1
Holocene peat over the grey clay facies of the
Victoria clay

E-F
high to very

high
very low to
moderate

Unit Description
NEHRP

Site
Class

Amplification
Hazard

Liquefaction
Hazard

Areas with Anthropogenic Fill at the surface

F Anthropogenic fill variable *
high to very

high**

FC2 Fill over unit C2 (thick soft clay) D-E
moderate to

high
high to very

high**

FC1
Fill over unit C1 (variable and intermediate
thicknesses of clay)

C-E low to high
high to very

high**

FG Fill over unit G1 (Colwood sand and gravel)
D (locall
y D-E)

moderate
(locally

moderate-
high)

high to very
high**

FT Fill over unit T (thick older Pleistocene deposits) D-E
moderate to

high***
high to very

high**

FR2 Fill over unit R2 (thin soil cover over bedrock) C-D
low to

moderate
high to very

high**

Areas with Holocene deposits at the surface

S4 Holocene beach sands variable *
high to very

high

S3 Stream deposits variable *
high to very

high

S2 Goldstream delta deposits D moderate
high to very

high

S1 Alluvial fan and fan delta deposits variable ***
moderate to
very high

O5 Holocene peat over Holocene beach sand E-F
high to very

high
high to very

high

O4 Holocene peat over glaciolacustrine deposits D-F
moderate to
very high

low to
moderate

O3
Peat over sand and gravel of the Colwood delta and
outwash plain

D-F
moderate to
very high

low to
moderate

O3a Closed depressions, interpreted to be kettles D-F
moderate to
very high

low to
moderate

O2 Upland peat deposits***** D-F
moderate to
very high

very low to
low

O1
Holocene peat over the grey clay facies of the
Victoria clay

E-F
high to very

high
very low to
moderate
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TA BLE 1 CONTINUED
GEO LOGIC MAP UNITS AND HAZ ARD RAT INGS

Unit Description
NEHRP

Site
Class

Amplification
Hazard

Liquefaction
Hazard

Areas with Capilano deposits (latest Fraser Glaciation) at the surface

C5
>3 metres of the grey clay facies of the Victoria
clay over thick (>10 metres) older Pleistocene
deposits

D-E
moderate to

high
very low to

low

C4

>5 metres of the Victoria clay and <3 metres of the
grey clay facies, over thick (>10 metres) older
Pleistocene deposits, as well as areas where units
C3 and C5 cannot be differentiated with data
available

C-E low to high
very low to

low

C4a
>5 metres of the Victoria clay and <3 metres of the
grey clay facies, over thick (>10 metres) older
Pleistocene deposits

C-D
low to

moderate
very low to

low

C4b
Areas where units C3 and C4 cannot be
differentiated with data available, but the grey clay
facies of the Victoria clay is <3 metres

C-D
low to

moderate
very low to

low

C3
<5 metres of the Victoria clay over thick (>10
metres) older Pleistocene deposits

C low**** very low

C2
>3 metres of the grey clay facies of the Victoria
clay, under the brown clay facies and over thin
(<10 metres) older Pleistocene deposits

D-E
moderate to

high
very low to

low

C2a Victoria clay over lower slopes of Colwood delta D-E
moderate to

high
very low to
moderate

C1

Areas where units R2 and C2 cannot be
differentiated with data available; also includes
areas with >5 metres of the Victoria clay but <3
metres of the grey clay facies

C-E low to high
very low to

low

G4
Glaciolacustrine (?) deposits marginal to the
Colwood delta

C-D
low to

moderate
very low to

low

G3
Late stage glaciofluvial channel on Colwood delta
and outwash plain

D moderate
low to

moderate

G2
Distal and lateral foreset sands and silts of the
Colwood delta

D moderate
low to

moderate

G1
Sand and gravel of the Colwood delta and outwash
plain

D moderate
very low to
low*****

Areas with Older Pleistocene Deposits (Vashon Till and older) at the surface
T Thick (>10 metres) older Pleistocene deposits C low **** very low

Ta
Older Pleistocene at the surface indicated by
smooth topography, but borehole data indicate that
bedrock is locally shallow (<10 metres)

C low**** very low

T/C3
Intermediate between units T and C3, typically
areas with a discontinuous cover of Victoria clay
over thick (>10 metres) older Pleistocene deposits

C low**** very low

Areas with bedrock at or near the surface

R2

Thin soil cover over bedrock with scattered
outcrops; generally <5 m of Victoria clay over <10
m of older Pleistocene; in Colwood delta, <5 m of
Colwood sand and gravel over bedrock; in upland
areas, <10 m sediment over bedrock

A-C
very low to

low
very low

R2a
Areas of unit R2 where 5 to 10 metres of older
Pleistocene deposits can be mapped

C low very low

R1/2
Areas of thin soil cover and nearly continuous
outcrop undifferentiated

A-C
very low to

low
very low

R1 Bedrock; nearly continuous outcrop A-B very low very low
*Amplification variable, dependent upon adjoining map unit and underlying deposits
** Liquefaction hazard variable, but potentially high to very high; see text.
*** Amplification high because of thick fill
**** Amplification hazard may locally be greater than NEHRP ratings based on SHAKE results and

the effects of historic earthquakes; see text.
***** Liquefaction hazard may locally be higher due to shallow or perched water table



RELATIVE AMPLIFICATION OF GROUND MOTION HAZARD MAP
(Geoscience Map 2000-3b) 

Am pli fi ca tion of ground mo tion re fers to the in crease in the in ten sity of ground shak ing that can oc cur due to lo cal geo -
log i cal con di tions, such as the pres ence of soft soils. The am pli fi ca tion haz ard map was pre pared by as sign ing a rel a tive am -
pli fi ca tion haz ard rat ing or range of haz ard rat ings to each geo log i cal map unit (see also Ta ble 1). Al though this map is col -
our-coded as to the level of rel a tive haz ard, the geo log i cal map units are shown on the map and in di cated by the ap pro pri ate
la bel in each poly gon (see leg end and Map 1, Geoscience Map 2000-3b). The am pli fi ca tion haz ard for each geo log i cal map
unit is es ti mated on the ba sis of the NEHRP site classes for sus cep ti bil ity to am pli fi ca tion. 

NEHRP Site Class Def i ni tions

The NEHRP site classes for am pli fi ca tion are de fined pri mar ily on the ba sis of the av er age shear-wave ve loc ity in the up -
per 30 metres (VS30; Ta ble 2; Build ing Seis mic Safety Coun cil, 1994; Finn, 1996). VS30 is cal cu lated us ing equa tion 1, which
in ef fect cal cu lates a shear-wave travel time in the up per 30 metres:

Equa tion 1

Where di is the thick ness and VSi is the shear-wave ve loc ity of any layer be tween 0 and 30 metres.
The de scrip tive sus cep ti bil ity rat ings shown on Ta ble 2 are from Klohn-Crippen Con sul tants Ltd. (1994).
The NEHRP site classes range from “hard rock” and “rock” (site classes A and B re spec tively), in which VS30 ex ceeds

760 m/sec and which have no to very low sus cep ti bil ity to am pli fi ca tion, to “soft soil” (site class E), in which VS30 is less than
180 m/sec and which has a high sus cep ti bil ity to am pli fi ca tion. Fur ther more, site classes A and B are lim ited to sites with less
than 3 metres of soil over bed rock; and site class E also in cludes sites un der lain by more than 3 metres of soft clay or silt,
which is de fined as hav ing a plas tic ity in dex greater than 20%, a wa ter con tent greater than 40% and an un drained shear
strength less than 25 kPa. Site class F in cludes ar eas with greater than 3 metres of peat and is po ten tially sus cep ti ble to very
high am pli fi ca tion. 
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TA BLE 2
CAT E GORIES FOR SOIL SUS CEP TI BIL ITY TO AM PLI FI CA TION 

[DEF I NI TIONS FROM BUILD ING SAFETY COUN CIL (1994);
DE SCRIP TIVE SUS CEP TI BIL ITY RAT INGS FROM KLOHN-CRIPPEN 1994]

Site
Class

General Description Definition (Vs30=average shear-wave
velocity in upper 30 m, m/sec)

Susceptibility
Rating

A Hard rock Vs30>1500 Nil
B Rock 760<Vs30<1500 Very Low

C
Very dense soil and soft
rock

360<Vs30<760; or >3 m of soil over
bedrock, where Vs30>760 m/sec

Low

D Stiff soils 180<Vs30<360 Moderate

E

Soft soils, or soil profile
with >3 m soft silt and
clay

Vs30< 180; or >3 m silt and clay with
plasticity index >20, moisture content

>40%, and undrained shear strength <25
kPa

High

F
Peats or highly organic
clays Peat thickness > 3 m Very High (?)

2The crit i cal pe ri ods of ground pe riod for spe cific build ings or build ing types should be de ter mined by a qual i fied struc tural en gi neer.
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NEHRP Am pli fi ca tion Fac tors

The am pli fi ca tion fac tor is the amount by which the in -
ten sity of ground mo tion dur ing an earth quake is mul ti plied
due to soil con di tions. Am pli fi ca tion fac tors for the NEHRP
site classes for var i ous in ten si ties of ground mo tion on bed -
rock (ex pressed as a frac tion of “g”, the ac cel er a tion due to
grav ity) and for short and long pe riod ground mo tions are
shown in Ta ble 3 (Build ing Seis mic Safety Coun cil, 1994;
Finn, 1996). Short pe riod ground mo tions typ i cally af fect
short build ings and long pe riod ground mo tions typ i cally af -
fect tall build ings, such as high rise structures2. Both short and
long pe riod ground mo tions oc cur dur ing an earth quake, but
usu ally one type dom i nates de pend ing on earth quake mag ni -
tude and dis tance from the source. The NEHRP am pli fi ca tion
fac tors are av er age val ues based on a large num ber of site re -
sponse anal y ses, largely for Cal i for nia sites (Finn, 1996), and
are be ing adapted for use in the 2000 build ing code in Can ada.
It should be noted that the NEHRP am pli fi ca tion fac tors are
ex pressed rel a tive to bed rock (i.e. site class B), whereas in the
Ca na dian build ing codes, am pli fi ca tion is ex pressed rel a tive
to “firm ground”, equiv a lent to NEHRP site class C (Na tional
Re search Coun cil of Can ada, 1995).

 Ta ble 3 shows that ground-mo tion am pli fi ca tion di min -
ishes as the strength of ground-shak ing (i.e. ac cel er a tion) in -
creases, be cause of the non-lin ear be hav iour of soils. This re -
duc tion is more pro nounced for short pe riod ground mo tions
than for long pe riod ground mo tions. For ex am ple, at ground
shak ing lev els of 0.1 g on bed rock (10% of the force of grav ity, 
and ap prox i mately the on set of dam age in build ings not de -
signed to be earth quake re sis tant), short pe riod ground mo -
tions can be am pli fied by a fac tor of 2.5 on soft soils of site class E (i.e. 0.25 g; see Map 2, Geoscience Map 2000-3b). Such
was the case dur ing the 1989 Loma Prieta earth quake. In the San Fran cisco Bay area, which was 100 km north of the epi -
centre, peak ground ac cel er a tion was am pli fied from less than 0.1 g on firm ground to 0.25 g on nearby soft soil sites (Clough
et al., 1994). Con se quently dam age was con cen trated in ar eas un der lain by soft soils. How ever, at ground shak ing lev els of
0.4 g on bed rock (0.4 g is the cur rent build ing code de sign ac cel er a tion for Vic to ria; Na tional Re search Coun cil of Can ada,
1995), am pli fi ca tion of short pe riod ground mo tions due to soft soils is min i mal, and all ar eas will be shaken strongly but
more or less equally (i.e. 0.4 g; see Map 4, Geoscience Map 2000-3b). For long pe riod ground mo tions, am pli fi ca tion also di -
min ishes as the strength of ground mo tions in crease, but can still be sig nif i cant at O.4 g (Maps 3 and 5, Geoscience Map
2000-3b).

Con se quently, am pli fi ca tion of ac cel er a tion in Vic to ria may be min i mal for short pe riod ground mo tions in the event of a 
large earth quake in close prox im ity to the city (i.e. all ar eas shaken strongly; Map 4 Geoscience Map 2000-3b), but could be
sig nif i cant for a large earth quake a few tens of kilo metres dis tant and gen er at ing mod er ate shak ing on firm ground in the city
(Map 2, Geoscience Map 2000-3b). How ever, a mod er ate shak ing event is much more likely to oc cur than a strong shak ing
event. For ex am ple in the Vic to ria area, shak ing of 0.1 g on firm ground is more than ten times as likely to oc cur as shak ing of
0.4 g on firm ground. Thus, ar eas un der lain by to NEHRP site class E soils and as signed high am pli fi ca tion haz ard (Map 1,
Geoscience Map 2000-3b) will be sub jected to po ten tially dam ag ing ground mo tions much more of ten than ar eas as signed a
low haz ard. The vari a tion in ground mo tion pre dicted us ing the am pli fi ca tion fac tors shown here does not ex ceed the seis mic
de sign cri te ria of the cur rent build ing code (Na tional Re search Coun cil of Can ada, 1995), but could be sig nif i cant for struc -
tures not gov erned by the seis mic pro vi sions of the code as well as older struc tures.

Ap pli ca tion of NEHRP Site Classes to Am pli fi ca tion Haz ard Rat ings in Vic to ria

Shear-wave ve loc ity data were de rived from 15 seis mic cone pen e tra tion tests (SCPTs) and 4 spec tral anal y sis of sur face
wave tests (SASW) in the Vic to ria area (Ap pen dix 1). These tech niques are de scribed by Rob ert son et al., 1992 and Stokoe et
al., 1994, re spec tively. The shear-wave ve loc ity data were used to de velop a shear-wave ve loc ity model for the prin ci pal
Qua ter nary geo log i cal units (Ta ble 4; Monahan and Levson, 1997), so that VS30 could be es ti mated in each geo log i cal map
unit. The av er age shear-wave ve loc ity of bed rock was as sumed to be 1500 m/sec.
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TA BLE 3
NEHRP AM PLI FI CA TION FAC TORS

(MOD IFIED FROM BUILD ING SEIS MIC
SAFETY COUN CIL, 1994)

a) short period motions (0.1 to 0.5 seconds)
Site

Class
Approximate peak ground

acceleration on bedrock
0.1 g 0.2 g 0.3 g 0.4 g 0.5 g

A 0.8 0.8 0.8 0.8 0.8
B 1 1 1 1 1
C 1.2 1.2 1.1 1 1
D 1.6 1.4 1.2 1.1 1
E 2.5 1.7 1.2 0.9 -
F - - - - -

b) long period motions (approx. 1 second)
Site

Class
Approximate peak ground

acceleration on bedrock
0.1 g 0.2 g 0.3 g 0.4 g 0.5 g

A 0.8 0.8 0.8 0.8 0.8
B 1 1 1 1 1
C 1.7 1.6 1.5 1.4 1.3
D 2.4 2 1.8 1.6 1.5
E 3.5 3.2 2.8 2.4 -
F - - - - -



Map units in which bed rock is near the sur face (R1 and parts of R1/2 and R2) are as signed to NEHRP site classes A and B
(very low sus cep ti bil ity to am pli fi ca tion). Map units con sist ing of stiff and/or dense soils 3-10 metres thick over bed rock
(R2a, and parts of R1/2, R2, G4 and C1) and those dom i nated by older Pleis to cene de pos its (T, Ta, T/C3, C3 and parts of C4a,
C4b and C4), have es ti mated VS30 greater than 360 m/sec, and are as signed to NEHRP site class C (low sus cep ti bil ity to am -
pli fi ca tion). Map units con sist ing of de pos its of the Colwood delta and outwash plain and re lated de pos its (G1, G2, G3, and
parts of G4, O3, O3a and O4; Fig ures 3 and 4; Ta ble 4), and thick ac cu mu la tions of the brown clay fa cies of the Vic to ria Clay
(parts of C4, C4a and C4B) have es ti mated VS30 be tween 180 and 360 m/sec, and are as signed to NEHRP site class D (mod er -
ate sus cep ti bil ity to am pli fi ca tion). Al though the subsurface con di tions of the Goldstream River delta are un known, the delta
is in ferred to be un der lain by firm to stiff silts and sands meet ing the cri te ria for NEHRP site class D.

In map units with more than 3 metres of the grey clay fa cies of the Vic to ria Clay (C2, C5, O1 and O5, and parts of C1 and
C4; Fig ure 2), es ti mated VS30 gen er ally var ies from 150 m/sec to 360 m/sec, meet ing the cri te ria for NEHRP site classes D
and E. Be cause the grey clay fa cies com monly meets the cri te ria for soft clay, much of these units could also be as signed to
NEHRP Site Class E on the ba sis of soft clay thick ness greater than 3 metres (Ta ble 2). How ever, not all of the grey clay fa cies 
is soft. In deeper oc cur rences, the shear strength ex ceeds 25 kPa due to the nor mal in crease of shear strength with depth. Fur -
ther more, the up per part of the grey clay fa cies is com monly slightly overconsolidated where over lain by the brown clay fa -
cies (Fig ure 2; Nasmith and Buck, 1998), and sandy in ter vals oc cur lo cally in the grey clay fa cies; and in these cases the grey
clay does not meet the cri te ria for soft clay. Con se quently, the map units in which the grey clay fa cies is over lain by the brown
clay fa cies (C2 and C5 and parts of C1and C4) are as signed to site classes D and E (mod er ate to high sus cep ti bil ity to am pli fi -
ca tion). In the map units in which the brown clay is ab sent (O1 and O5), the grey clay is gen er ally thicker and nor mally con -
sol i dated through out, and these units are as signed to site class E (high sus cep ti bil ity to am pli fi ca tion).

Areas un der lain by more than 3 metres of peat (parts of map units O1, O2, O3, O3a, O4 and O5; Fig ure 6) are as signed to
Site Class F (very high sus cep ti bil ity to am pli fi ca tion). The lower end of the haz ard range for map units O1 and O3 to O5 are
de fined in pre ced ing para graphs, but map unit O2 is not well known form bore hole data and is con ser va tively given a lower
haz ard range of mod er ate.

The NEHRP site classes as signed to Ho lo cene sands and most anthropogenic fills (map units S1, S3, S4, and F - in clud -
ing FR2, FG, FC1, FC2 and parts of FG) are vari able, de pend ing on the de pos its these ma te ri als over lie. How ever, some thick
loose fills over ly ing older Pleis to cene de pos its and part of the Colwood delta have es ti mated VS30 be tween 170 and 270
m/sec, and are as signed to site classes D and E (mod er ate to high sus cep ti bil ity to am pli fi ca tion).
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Stratigraphic unit
most common

map units
number
of sites

number
of values

Vs average
(Vs av)
m/sec

Vs av + 1
standard
deviation

m/sec

Vs

minimum
m/sec

Vs maximum
m/sec

Anthropogenic fill F 4 5 140 112-167 102 180

Holocene organic soils
O1, O2, O3, O3a,

O4, O5
3 9 85 52-113 40 164

Holocene beach sand S4, O5 1 4 131 122-140 120 140

Holocene marine mud FC2, O5, S1 2 4 147 121-173 117 178

Victoria clay, sand facies R2, C1-C5, O1, 2 7 165 131-199 126 217

Victoria clay, brown clay facies R2, C1-C5 9 31 213 166-260 121 298

Victoria clay, grey clay facies
C1, C2, C4, C5,

O1, O5
10 126 147 114-180 89 279

Victoria clay, grey clay facies
<15 m depth*

C1, C2, C4, C5,
O1, O5

9 69 132 104-160 89 214

Colwood delta top G1 2 15 335 282-388 225 425

Colwood delta distal and lateral
foreset sands and silts

G2 1 10 199 165-233 133 237

Older Pleistocene
R2a, T, Ta, T/C3, C3-

C5
3 17 499 420-577 350 650

* Vs normally increases with depth in normally consolidated deposits such as the the grey clay facies, so that the values on
this line should be used to estimate the Vs profile where the grey clay facies is shallower than 15 m.

TA BLE 4
SHEAR-WAVE VE LOC ITIES OF THE QUA TER NARY UNITS

(MOD IFIED FROM MONAHAN AND LEVSON 1997)



Shake Anal y ses

Shake anal y ses were con ducted at seven sites to pro vide fur ther in sights into the am pli fi ca tion haz ard. SHAKE is a com -
puter pro gram for es ti mat ing site re sponse due to ground shak ing us ing a one di men sional site-spe cific soil col umn and earth -
quake re cord as in put data (Schnabel et al., 1972). In these anal y ses, the fol low ing earth quake sources were con sid ered,
which rep re sent two out of many pos si ble sce nar ios that could af fect the city:

1) a strong lo cal earth quake, with a peak ac cel er a tion on bed rock of 0.34 g. This earth quake was mod elled us ing 5 re -
cords from the Loma Prieta and Northridge earth quakes. 

2) a subduction earth quake, with a peak ac cel er a tion on bed rock of 0.12 g. This earth quake was mod elled us ing 2 re cords
from the 1985 Mex ico City Earth quake.

The re sults of SHAKE anal y ses are de pend ent upon the spe cific earth quake re cords used.

The re sults of the SHAKE anal y ses are sum ma rized in Ap pen dix 2. At most sites, am pli fi ca tion of ac cel er a tion is lower
for the lo cal earth quake than for the subduction earth quake, be cause am pli fi ca tion di min ishes at higher in ten si ties of ground
mo tion on firm ground and the subduction earth quake has more long pe riod ground mo tions (Ta ble 3). How ever, the lim ited
re sults do not faith fully rep li cate the NEHRP am pli fi ca tion fac tors. Sites with thick NEHRP site class C and D soils, am pli -
fied ac cel er a tion as much or more than sites with NEHRP site class D and F soils, pos si bly be cause of res o nance in the soil
col umn. The SHAKE anal y ses sug gest that with the right earth quake and ground con di tions, sig nif i cant am pli fi ca tion can oc -
cur in all map units where a sig nif i cant thick ness of sed i ments over lies bed rock.

Ef fects of His toric Earth quakes

The ef fects of his toric earth quakes in the Vic to ria area are gen er ally con sis tent with the NEHRP site classes. Dam age in
the City of Vic to ria from the 1946 Van cou ver Is land earth quake was con cen trated in ar eas un der lain by soft soils (map unit
O1 and parts of C2) and the ef fects were the least where bed rock is near sur face (map units R1, R1/2 and R2; Hodgson, 1946;
Wuorinen, 1974, 1976). A sur vey of 125 sites fol low ing the May 1996 Mw=5.1 Duvall, Wash ing ton earth quake, in di cated
that it too was felt most strongly on soft soils and least strongly where bed rock is near sur face (Levson et al., 1998). How ever,
lim ited re sults from this sur vey in di cate that the Duvall earth quake was felt nearly as strongly on older Pleis to cene de pos its
(map units C3, T and R2a; NEHRP site class C) as on some soft soils (map unit C2; NEHRP site classes D and E). 

Lim i ta tions of the NEHRP Site Classes for Am pli fi ca tion Haz ard Map ping

The NEHRP site classes have been de fined on the ba sis of a large num ber of site re sponse anal y ses and re flect the am pli -
fi ca tion haz ard in a gen eral way. How ever, their use has some spe cific lim i ta tions, which must be un der stood. The de crease in 
am pli fi ca tion fac tors with an in crease in the in ten sity of ground mo tions due to the non-lin ear be hav iour of soils (Ta ble 3) has
been dis cussed above. Fur ther more, the SHAKE anal y ses and ob ser va tions dur ing his toric earth quakes in di cate that am pli fi -
ca tion fac tors may in some cir cum stances dif fer from those pre dicted by use of the NEHRP site classes. These dif fer ences are
prob a bly largely due to res o nance.

NEHRP site classes do not spe cif i cally ad dress am pli fi ca tion due to res o nance in the soil col umn. In am pli fi ca tion due to
res o nance, am pli fi ca tion fac tors for spe cific pe ri ods of ground mo tion that co in cide with the nat u ral pe ri ods of the site can be
much greater than shown in Ta ble 3. Am pli fi ca tion due to res o nance can be par tic u larly dam ag ing to struc tures whose nat u ral 
pe ri ods match those of the site (Reiter, 1990; Rial et al., 1992). The fun da men tal pe riod (T) of a site can be es ti mated by:

Equa tion 2

Where: H = thick ness of the soils; and V= av er age shear-wave ve loc ity of the soils.

Equa tion 2 de fines the site pe riod at low strain, but due to the non-lin ear be hav iour of soils, the site pe riod ex pe ri enced at
large strain dur ing an earth quake is some what greater. How ever, equa tion 2 pro vides rea son able or der of mag ni tude es ti -
mates of site pe ri ods (com pare low strain pe ri ods and site pe ri ods de rived from the SHAKE anal y ses in Ap pen dix 2). The av -
er age shear-wave ve loc ity, and thus the site pe riod, can be es ti mated where the stra tig ra phy is known us ing the shear-wave
ve loc ity model dis cussed above (Ta ble 4). Pe riods for the SCPT sites us ing equa tion 2 are re ported in Ap pen dix 1. Am pli fi ca -
tion due to res o nance must be ana lysed on a site-spe cific ba sis.
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The nat u ral pe riod of a build ing can be roughly es ti mated by mul ti ply ing the num ber of sto ries by 0.1 sec ond. How ever,
there are many ex cep tions to this rule, and a qual i fied struc tural en gi neer should be con sulted to pro vide the nat u ral pe riod for
a spe cific build ing or build ing type. 

The NEHRP site classes do not ad dress am pli fi ca tion of ground mo tion due to to pog ra phy, which can ex ceed am pli fi ca -
tion due to soil con di tions in some cases. High am pli fi ca tion is com monly ex pe ri enced on hills, ridges and the tops of cliffs
(Geli et al., 1988; Finn, 1994; Somerville, 1998), which are gen er ally un der lain in the Vic to ria area by thin and/or dense soils
and bed rock (map units R1, R1/2, R2, and T). Con se quently, the very low and low haz ard rat ings as signed to these map units
may not ap ply on such top o graphic fea tures. Am pli fi ca tion due to to pog ra phy is poorly un der stood and not readily quan ti fied
at this time.

The NEHRP Site Classes do not ad dress am pli fi ca tion due to three-di men sional ef fects, such as the fo cus ing of en ergy
by bur ied bed rock struc tures, or ba sin edge ef fects (Somerville, 1998). Am pli fi ca tion due to three-di men sional ef fects can be
as great as am pli fi ca tion due to soil.

The am pli fi ca tion haz ard map re flects vari a tions in earth quake haz ard due to soil con di tions, which are ap pli ca -
ble to most earth quakes that will af fect the re gion. Top o graphic and three-di men sional ef fects are more de pend ent on
the earth quake lo ca tion and di rec tion of seis mic en ergy.

RELATIVE LIQUEFACTION HAZARD MAP 
(Geoscience Map 2000-3a)

Liq ue fac tion is the trans for ma tion that oc curs when earth quake shak ing (or other dis tur bance) causes a sat u rated gran u -
lar soil (e.g. sand) to lose its strength and be have like a liq uid. Liq ue fac tion can be one of the ma jor causes of dam age dur ing
an earth quake. The sus cep ti bil ity of a site to liq ue fac tion is de pend ent upon the depth to the wa ter ta ble and the den sity, grain
size and age of the un der ly ing de pos its (e.g. Youd and Perkins, 1978). 

This map was pre pared by as sign ing a haz ard rat ing or range of haz ard rat ings to each geo log i cal map unit based on these
cri te ria and a suite of quan ti ta tive anal y ses us ing a mod i fied ver sion of PROLIQ2 and sim i lar proba bil is tic anal y ses
(Monahan et al., 1998). Al though this map is col our-coded as to the level of haz ard, the geo log i cal map units are shown on the 
map and in di cated by the ap pro pri ate la bel in each poly gon (see leg end). PROLIQ2 (Atkinson et al., 1986) es ti mates the
prob a bil ity that liq ue fac tion will oc cur at a site by com bin ing Seed’s method of de ter min ing liq ue fac tion sus cep ti bil ity (Seed
et al., 1985) with the proba bil is tic seis mic model de vel oped for the Na tional Build ing Code of Can ada (Na tional Re search
Coun cil of Can ada, 1995). How ever, the se ver ity of sur face dis rup tion caused by liq ue fac tion is a func tion of the depth and
thick ness of the liq ue fied units. Con se quently, Klohn-Crippen Con sul tants Ltd. in tro duced the term “prob a bil ity of liq ue fac -
tion se ver ity” (PLS), in which a depth-weight ing func tion is ap plied to the layer by layer prob a bil i ties of liq ue fac tion cal cu -
lated in PROLIQ2 (Levson et al., 1996a, b, 1998). PLS is de fined by:

Equa tion 3

Where Pli is the prob a bil ity of liq ue fac tion at depth i
(cal cu lated from 0 to 20 metres), Hi is the layer thick ness, and
Wi is the weight ing func tion that de creases lin early from 0.1
at the sur face to 0 at a depth of 20 metres. Haz ard rat ings are
as signed to spe cific PLS ranges (Ta ble 5; Levson et al.,
1996b).

Thirty-one PLS anal y ses
were con ducted, with sand
den sity es ti mated pri mar ily
on the ba sis of dy namic cone
pen e tra tion tests (DCPTs; Ta -
ble 6). DCPT blowcounts are
ap prox i mately equiv a lent to
stan dard pen e tra tion test
(SPT) blowcounts at shal low
depths, and have been used in
this way here. Cone pen e tra -
tion test (CPT) tip re sis tance
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TA BLE 5
LIQ UE FAC TION

 HAZ ARD RATINGS

PLS (in 50 years) Hazard Rating
>25% very high

15-25% high
5-15% moderate
2-5% low
0-2% very low

Stratigraphic Unit Most Common
Map units

Number of
Boreholes

PLS
%

Holocene beach sand S4, O5 2 22+7
Victoria clay; sand facies R2, C1-C5, O1, O5 6 4.5+3
Colwood delta plain G1 11 2+2
Colwood delta distal and lateral foreset G2 5 6+4
Colwood delta late stage channel G3 1 5.6
Anthropogenic fill F* 6 16+11
* including F2, FT, FG, FC1 and FC2

TA BLE 6
PLS SUM MARY

( )
( )PLS =

∑
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and shear-wave ve loc ity data are also used to es ti mate liq ue fac tion sus cep ti bil ity, us ing the re la tion ships de fined by Rob ert -
son and Fear (1996) and Rob ert son et al. (1992), re spec tively (see also Boulanger et al., 1997). 

The prin ci pal strati graphic units sus cep ti ble to liq ue fac tion are the sand fa cies of the Vic to ria clay, the Colwood sand and 
gravel, Ho lo cene sands and mod ern anthropogenic fills (Ta bles 1 and 6). Older Pleis to cene sands are gen er ally too dense to
liq uefy; SPT blowcounts in the Quadra sand ex ceed 70, and shear-wave ve loc i ties gen er ally ex ceed 500 m/sec in the older
Pleis to cene de pos its (Monahan and Levson, 1997). 

The sand fa cies of the Vic to ria clay var ies from clean me dium sand, up to 4 metres thick, to sand beds less than 1 metre
thick interbedded with clay and silt (Fig ure 2). The sand fa cies changes over very short dis tances, so that its thick ness and dis -
tri bu tion can not be mapped with the data avail able. Fur ther more, it oc curs near the top of the Vic to ria clay and is gen er ally
sub ject to sea sonal vari a tions in sat u ra tion. PLS val ues, based on fully sat u rated sands, av er age 4.5+3% (Ta ble 6). Con se -
quently, map unit O1, in which the sand is usu ally sat u rated, is as signed a very low to mod er ate haz ard. How ever, those map
units in which the sand is sat u rated sea son ally are as signed a very low liq ue fac tion haz ard in up land ar eas (map units R2 and
C3), where the sands are likely to be sat u rated in fre quently, and a very low to low liq ue fac tion haz ard else where (map units
C1, C2, C4, C4a, C4b and C5). The liq ue fac tion haz ard es ti mate is con ser va tive, be cause well de vel oped sands oc cur only lo -
cally in the Vic to ria clay.

The Colwood sand and gravel is com monly too dense to be sus cep ti ble to liq ue fac tion (av er age shear-wave ve loc ity is
335 m/sec; Fig ure 3; Ta ble 4; Monahan and Levson, 1997) and the wa ter ta ble is com monly deep (i.e. greater than a few
metres). In map unit G1 on the delta plain, PLS av er ages 2 + 2% (Ta ble 6). Con se quently, this map unit is as signed a very low
to low liq ue fac tion haz ard. How ever, in the parts of the Colwood delta and outwash plain that are sand-rich and/or where the
wa ter ta ble tends to be shal low, the liq ue fac tion haz ard ranges from low to mod er ate: on the dis tal and lat eral foresets (map
unit G2, Fig ure 4), where PLS av er ages 6+4%; in the late stage chan nel fa cies (map unit G3), where PLS is 5.6% at one site;
and where peat over lies the Colwood sand and gravel (map units O3 and O3a; Ta ble 6).

Capilano-age sands oc cur in other map units and are in ter preted to have sim i lar char ac ter is tics as sands in the Vic to ria
clay and the Colwood sand and gravel. The liq ue fac tion haz ard is in ter preted to be very low to low where the sands are thin
(map unit O2) or the wa ter ta ble is deep (map unit G4), and low to mod er ate where the sands are thicker and the wa ter ta ble is
shal low (map unit O4). 

Of the Ho lo cene de pos its sus cep ti ble to liq ue fac tion, quan ti ta tive data to as sess liq ue fac tion sus cep ti bil ity are avail able
only for the beach sands (rep re sen ta tive of map units O5 and S4). At Cadboro Bay, PLS is es ti mated to be 27% based on
DCPT data. Other data from the site are equiv o cal: a PLS value of 16% is es ti mated in the same sand from shear-wave ve loc -
ity data in a nearby SCPT, al though the CPT tip re sis tance in much of the sand is very high in di cat ing a lower PLS (Fig ure 6;
Monahan and Levson, 1997). How ever, the lat ter may be a grain-size ef fect, with coarser or grav elly sands show ing a higher
tip re sis tance (Lunne et al., 1997; Monahan et al. 1995; Monahan, 1999). The sand unit on which the PLS cal cu la tion was per -
formed is over lain by peat, which is in turn over lain by the mod ern beach sand in sea ward parts of the site. The mod ern beach
sand is lo cally 5 metres thick. Al though no quan ti ta tive geotechnical data are avail able in this sand, it is prob a bly more sus -
cep ti ble to liq ue fac tion than the sand eval u ated be cause it is youn ger. Con se quently, ar eas un der lain by Ho lo cene beach sand
(map units O5 and S4) are as signed a high to very high liq ue fac tion haz ard. Con sis tent with this as sign ment, many sandy
shore line de pos its on the east coast of Van cou ver Is land liq ue fied dur ing the 1946 Van cou ver Is land Earth quake (Hodgson,
1946; Rog ers, 1980). Al though bore hole data are not avail able in other Ho lo cene sandy de pos its, these sed i ments are prob a -
bly also highly sus cep ti ble to liq ue fac tion. They are as signed a high to very high liq ue fac tion haz ard, where the wa ter ta ble is
shal low (i.e. within a few metres of sur face; map units S2 and S3), and mod er ate to very high where the depth to wa ter ta ble
may be lo cally deeper (map unit S1).

Mod ern anthropogenic fills con sist of a va ri ety of ma te ri als vary ing from silt and clay to sands. The prin ci pal ar eas of fill
are in shore line set tings, com monly as so ci ated with port fa cil i ties, and re claimed gravel pits. The thick ness of fill can ex ceed
10 metres. The prop er ties of fills vary from dense en gi neered fills with a very low liq ue fac tion haz ard to loose fills with a very
high liq ue fac tion haz ard. In suf fi cient data were avail able to dis tin guish these re gion ally, so that all fills mapped were as -
signed a high to very high haz ard, to in di cate that such a haz ard could be pres ent. PLS es ti mates for 6 fills ana lysed av er age
16+11% (Ta ble 6). His torically, non-en gi neered fills per form very poorly in earth quakes. 

 QUALIFICATIONS AND LIMITATIONS OF THESE MAPS

1. These maps are in tended for re gional pur poses only, such as land use and emer gency re sponse plan ning, and
should not be used for site-spe cific eval u a tions. 

2.  These maps are based on in ter pre ta tions of bore hole re cords, the ap prox i mate lo ca tions of which are shown. Where bore -
hole data are scarce, subsurface con di tions had to be in ferred from top o graphic and geomorphic ev i dence. 

3.  T he bound aries of most map units are gradational, par tic u larly in the Vic to ria area due to the ex treme ir reg u lar ity of the
bed rock sur face. For these rea sons, map unit bound aries are ap prox i mate, may en close smaller oc cur rences of other map
units, and are sub ject to re vi sion as more bore hole data be come avail able. Fur ther more, geo log i cal ma te ri als are vari able,
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and de pos its of a map unit lo cally may have un usual prop er ties. Con se quently, the haz ard at a spe cific site could be ei -
ther higher or lower than that shown on these maps.

4.  This map does not fully ad dress man-made al ter ations to ground con di tions, whether the changes lower or in crease the
haz ard at a site. Poor soil sites may have been im proved dur ing con struc tion, which will change the haz ard rat ing from
that shown on the maps. 

5.  Only the larger anthropogenic fills of which the au thors were aware are shown on the maps. Other ar eas of fill may be pres -
ent, and new ar eas of fill will be de vel oped in the fu ture. As noted above, the prop er ties of fills vary widely, from dense en -
gi neered fills suit able for foun da tions to loose fills po ten tially with very to very high am pli fi ca tion and liq ue fac tion
haz ards. Be cause these could not be dis tin guished on a re gional ba sis with the data avail able, all fill units were as signed a
high to very high haz ard to in di cate that such a haz ard could be pres ent. Non-en gi neered fills his tor i cally per form very
poorly in earth quakes. 

6. The sta bil ity of dams un der earth quake shak ing, and haz ards due to the fail ures of dams or other man-made struc tures have
not been ad dressed. 

7.  These maps show the vari a tion in the earth quake haz ard due to am pli fi ca tion of ground mo tion and liq ue fac tion. How ever,
a low haz ard on these maps does not mean free dom from earth quake haz ards, be cause all ar eas could be sub jected to sig -
nif i cant ground shak ing dur ing an earth quake. Fur ther more, the de gree of am pli fi ca tion on soft soils di min ishes as the in -
ten sity of ground shak ing on firm ground in creases, so that in the case of a strong earth quake close to the city, lit tle
vari a tion in ground shak ing may oc cur due to lo cal soil con di tions at short pe riod ground mo tions. How ever, the city will
be af fected more of ten by more dis tant earth quakes that gen er ate mod er ate shak ing on firm ground, so that ar eas shown
with a high am pli fi ca tion haz ard here (Geoscience Map 2000-3b) will be sub jected to po ten tially dam ag ing ground mo -
tions more of ten than sites with a low am pli fi ca tion haz ard. The vari a tion in ground mo tions pre dicted us ing the am pli fi -
ca tion fac tors shown here does not ex ceed the seis mic de sign cri te ria of the cur rent build ing code (Na tional Re search
Coun cil of Can ada, 1995), but could be sig nif i cant for struc tures not gov erned by the seis mic pro vi sions of the code as
well as older struc tures. See the sec tion on am pli fi ca tion of ground mo tion for more de tails.

  8. The am pli fi ca tion of ground mo tion haz ard has been es ti mated on the ba sis of the Na tional Earth quake Haz ard Re duc tion
Pro gram (NEHRP) site classes for sus cep ti bil ity to am pli fi ca tion of ground mo tion (Build ing Seis mic Safety Coun cil,
1994), which are based on the av er age re sponse of var i ous types of soils. Thus, vari a tion in am pli fi ca tion fac tors
within a site class is to be ex pected.  In ad di tion, the am pli fi ca tion haz ard map does not ad dress:

• am pli fi ca tion of ground mo tion due to res o nance, which can be par tic u larly de struc tive to struc tures whose nat u ral
pe ri ods match those of the site (Reiter, 1990; Rial et al., 1992);

• am pli fi ca tion of ground mo tion due to to pog ra phy, by which ground mo tions can be am pli fied on hills, ridges and the 
tops of cliffs (Geli et al., 1988; Finn, 1994; Somerville 1998); and 

• am pli fi ca tion due to three-di men sional ef fects, such as the fo cus ing of en ergy by bur ied bed rock struc tures
(Somerville 1998).

 9.  Haz ards due to earth quake-in duced land slides are ad dressed on a com pan ion map (McQuarrie and Bean, 1998). How ever, 
other earth quake haz ards, such as tsu na mis, land sub si dence and ground rup ture are not ad dressed on this or any com pan -
ion maps pub lished as part of this in ves ti ga tion.

10.  Fur ther more, these maps can not be used to di rectly pre dict the amount of dam age that will oc cur at any one site be -
cause many other fac tors, such as build ing de sign and con struc tion de tails, must be con sid ered. The maps in no way
shows how dif fer ent types of build ings or other man-made struc tures will per form dur ing earth quakes. They can be used
to es ti mate the rel a tive nat u ral haz ard due to the sus cep ti bil ity to soil am pli fi ca tion and liq ue fac tion alone. 

EXPANDED LEGEND

In this sec tion, each map unit is de scribed in de tail and the am pli fi ca tion and liq ue fac tion haz ards are sum ma rized. For
de tails re gard ing the es ti ma tion of these haz ards, the reader should re fer to the rel e vant sec tions above (see also Ta ble 1).
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AREAS WITH BEDROCK AT OR NEAR SURFACE

Unit R1; Bed rock

This unit con sists of nearly con tin u ous out crop and gen er ally oc curs in hilly and moun tain ous ar eas. This map unit is as -
signed to NEHRP site classes A and B, and a very low am pli fi ca tion haz ard. How ever, high top o graphic am pli fi ca tion can oc -
cur on hills, ridges and the tops of cliffs (Geli et al., 1988; Finn, 1994), so that the very low haz ard rat ing may not ap ply on
such top o graphic fea tures. This unit is as signed a very low liq ue fac tion haz ard, due to the gen eral ab sence of liquefiable soils. 

Unit R1/2; Out crop and Thin Soil Cover Un dif fer en ti ated 

This unit in cludes sparsely de vel oped, mainly rocky, up land ar eas with lit tle or no subsurface data, and where units R1
(bed rock) and R2 (thin soil cover) could not be readily dif fer en ti ated on air pho tos due to ex ten sive tree cover. This unit may
in clude small un mapped up land peat bogs and ar eas of older Pleis to cene de pos its. Like units R1 and R2, this unit is as signed a 
very low to low am pli fi ca tion haz ard, al though high top o graphic am pli fi ca tion may oc cur on hills, ridges and the tops of cliffs 
(Geli et al., 1988; Finn, 1994), and a very low liq ue fac tion haz ard.

Unit R2; Thin Soil Cover with Scat tered Bed rock Out crop

This unit gen er ally con sists of shal low soils over bed rock. In much of Greater Vic to ria, this unit in cludes ar eas with less
than 5 metres of Vic to ria Clay, mainly the brown clay fa cies, over ly ing thin older Pleis to cene de pos its or bed rock. Scat tered
out crops oc cur through out the unit, and bed rock is com monly found in the up per few metres (e.g. in util ity line ex ca va tions).
The thick ness of older Pleis to cene de pos its in most places is less than a few metres, but may lo cally be up to 10 metres. In ar -
eas ad join ing the Colwood delta and outwash plain, this unit is as signed to ar eas where bore hole data show that less than 5
metres of the Colwood sand and gravel over lies bed rock. In up land re gions above 60 metres el e va tion, the unit is as signed to
ar eas where bed rock is gen er ally over lain by less than a few metres of sed i ment, com monly older Pleis to cene de pos its with
some col lu vium, al though lo cally sed i ment thick nesses are up to 10. This map unit gen er ally oc curs in hilly ar eas, where the
to pog ra phy is clearly con trolled by the ir reg u lar bed rock sur face. Due to the ir reg u lar ity of the bed rock sur face, the thick ness
of the sed i men tary cover over bed rock can vary by sev eral metres across short dis tances, such as the length of a build ing lot.

This map unit is as signed to NEHRP site classes A and B, where the soil thick ness is less than 3 metres thick, and site
class C where the soil thick ness ex ceeds 3 metres. Con se quently, this unit is as signed a very low to low am pli fi ca tion haz ard.
How ever, high top o graphic am pli fi ca tion can oc cur on hills, ridges and the tops of cliffs (Geli et al., 1988; Finn, 1994), so that 
these haz ard rat ings may not ap ply on such top o graphic fea tures. 

This unit is as signed a very low liq ue fac tion haz ard. Sands in the up per part of the Vic to ria clay are not wide spread and
where sands are pres ent they are likely to be above the wa ter ta ble at most times of the year, par tic u larly in this unit which gen -
er ally oc curs in up land ar eas. How ever, the liq ue fac tion haz ard may lo cally be higher, such as where de pres sions oc cur on the 
bed rock sur face. Where Colwood sands and grav els oc cur in this unit, they are gen er ally dense and above the wa ter ta ble most 
times of the year.

Unit R2a con sists of those ar eas of unit R2 where thick nesses of older Pleis to cene de pos its be tween 5 and 10 metres can
be mapped. This unit is as signed to NEHRP site class C, and a low am pli fi ca tion haz ard. Like unit R2, this unit is as signed a
very low liq ue fac tion haz ard.

AREAS WITH OLDER PLEISTOCENE DEPOSITS AT SURFACE

Unit T; Thick Older Pleis to cene De posits

This unit oc curs where older Pleis to cene de pos its are greater than 10 metres thick and are ex posed at the sur face. These
de pos its are com monly thicker than 30 metres and lo cally ex ceed 60 metres, such as along the sea cliffs at Cowichan Head.
They oc cur prin ci pally as drum lin oid ridges, sev eral kilo metres in length, and as shorter ridges south of prom i nent bed rock
hills (crag-and-tail fea tures). Hilly ar eas un der lain by unit T are typ i cally char ac ter ized by smooth to pog ra phy, in con trast to
the ir reg u lar to pog ra phy of ar eas un der lain by shal low bed rock (unit R2). Locally, bed rock knobs reach al most to the sur face
within this map unit but are rarely de tect able with the bore hole data avail able. The surficial de pos its are com monly the
Vashon till or the Quadra sand but, where the drum lin oid ridges have been sub jected to Ho lo cene ero sion, older de pos its are
ex posed. 
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Based on the av er age shear-wave ve loc ity of older Pleis to cene units of 499 m/sec (Ta ble 4), this map unit is as signed to
NEHRP site class C and a low am pli fi ca tion haz ard. How ever, the lim ited re sults of the SHAKE anal y ses and sur vey of the
ef fects of re cent mi nor earth quakes in di cate that greater am pli fi ca tion than an tic i pated for site class C can some times oc cur
above thick older Pleis to cene de pos its. Fur ther more, high top o graphic am pli fi ca tion can oc cur lo cally on hills, ridges and the
tops of cliffs (Geli et al., 1988; Finn, 1994), so that this haz ard rat ing may not ap ply on such top o graphic fea tures. 

The unit is as signed a very low liq ue fac tion haz ard, be cause the older Pleis to cene sands are very dense. How ever, due to
near sur face re work ing by col lu vial and flu vial pro cesses, the liq ue fac tion haz ard in older Pleis to cene sands may lo cally be
greater. 

Unit Ta is as signed to ar eas that have smooth sur face to pog ra phy, com pa ra ble to ar eas with thick older Pleis to cene de -
pos its (unit T), but where bore hole data in di cate that bed rock is lo cally shal low (<10 metres). Like unit T, this unit is as signed
a low am pli fi ca tion haz ard and a very low liq ue fac tion haz ard.

Unit T/C3 is ap plied to those ar eas in ter me di ate be tween units T and C3, typ i cally ar eas with a dis con tin u ous cover of
Vic to ria clay over older Pleis to cene de pos its. Like units T and C3, this unit is as signed a low am pli fi ca tion haz ard and a very
low liq ue fac tion haz ard.

AREAS WITH CAPILANO DEPOSITS (LATEST FRASER GLACIATION) AT SURFACE

Colwood Sand And Gravel

Unit G1; Sand and Gravel of the Colwood Delta and Outwash Plain

This unit con sists of interbedded sand and gravel of the raised Late Pleis to cene delta and outwash plain cen tred on the
City of Colwood and the Dis trict of Lang ford (Fig ure 3). The delta and outwash plain have a ter raced sur face be tween 60 and
90 metres el e va tion. Few bore holes pen e trate the en tire thick ness of these de pos its, and these are all lo cated in the east ern part
of the delta and outwash plain. The max i mum known thick ness of these de pos its is 30 metres, and the thick ness is prob a bly
greater in much of Colwood and the east ern part of Lang ford. Silts oc cur lo cally in the delta topset in aban doned chan nel de -
pos its. In the vi cin ity of Happy Val ley Road, outwash sand and gravel are over lain by 1 to 2 metres of silt in ter preted to be a
late-stage glaciolacustrine de posit mar ginal to the delta. De posits of silt up to sev eral metres thick also oc cur interbedded
with sand in lat eral and dis tal parts of the delta foreset. Where these are ex posed at the sur face they are dis tin guished as unit
G2, but they are likely also pres ent be neath parts of the delta and outwash plain in unit G1. On the mar gins of the delta, the
Colwood sand and gravel over lies bed rock (see unit R2), but in the gravel pits south of Esquimalt La goon they over lie older
Pleis to cene de pos its that are lo cally over 50 metres thick.

The av er age shear-wave ve loc ity of the Colwood sands and grav els is 335 m/sec (Ta ble 4). How ever, av er age shear
wave ve loc ity of the deltaic de pos its may be lo cally less, be cause dis tal and lat eral foreset de pos its (av er age shear-wave ve -
loc ity of 199 m/sec) may lo cally un der lie the higher ve loc ity sands and grav els ob served at sur face. On the ba sis of these data,
this unit gen er ally meets the cri te ria for NEHRP site class D, and is as signed a mod er ate am pli fi ca tion haz ard. 

In this map unit, these de pos its are gen er ally dense and the wa ter ta ble is com monly deep, so that the unit is as signed a
very low to low liq ue fac tion haz ard (PLS= 2 + 2%, Ta ble 6). How ever, the liq ue fac tion haz ard may lo cally range up to mod -
er ate in ar eas of perched and shal low wa ter ta ble, such as in the vi cin ity of Happy Val ley Road.

Unit G2; Dis tal and Lat eral Foreset Sand and Silt of the Colwood Delta

This unit con sists pri mar ily of interbedded silt and sand that are in ter preted to be dis tal and lat eral foreset de pos its of the
Colwood delta, over lain by a few metres of the brown clay fa cies of the Vic to ria clay (Fig ure 4). In most ar eas it forms a reg u -
larly slop ing sur face that de scends from the sur face of the Colwood delta and outwash plain and rep re sents the fi nal delta
slope. Locally it has been as signed to ar eas where the delta and outwash plain are in cised by Ho lo cene stream ero sion, ex pos -
ing older delta foreset de pos its. These de pos its are com monly 10 to 30 metres thick.

The av er age shear-wave ve loc ity of dis tal and lat eral foreset beds at one site where no gravel was pres ent is 199 m/sec
(Ta ble 4), so that this unit is as signed to NEHRP site class D and a mod er ate am pli fi ca tion haz ard. The unit is as signed a very
low to mod er ate liq ue fac tion haz ard (PLS = 6+4%). Compared to unit G1, this map unit in cludes more sand and the wa ter ta -
ble is typ i cally shal lower.

Unit G3; Late Stage Glaciofluvial Chan nel

This map unit con sists of late-stage chan nels and as so ci ated point bars. These are in cised into the up per part of the
Colwood delta and outwash plain in the vi cin ity of Colwood Creek. Where bore hole data are avail able, sed i ments con sist of
fine sand and silt a few metres thick, and else where the de pos its are in ter preted to be finer than ad ja cent parts of the delta and
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outwash plain. Parts of the chan nels are filled with peat and are as signed to map unit O3.
Like units G1 and G2, this map unit is as signed to NEHRP site class D and a mod er ate am pli fi ca tion haz ard. This map

unit is as signed a low to mod er ate liq ue fac tion haz ard based on the in ferred pres ence of finer sands more sus cep ti ble to liq ue -
fac tion than in unit G1, and a rel a tively shal low wa ter ta ble due to the prox im ity of Colwood Creek. One PLS cal cu la tion
(5.6%) is con sis tent with this as sign ment. 

Unit G4; Glaciolacustrine De posits Mar ginal to the Colwood Delta

This unit oc curs in small val leys ad ja cent to the Colwood Delta and outwash plain. Bore hole con trol in these ar eas is
poor. Where High way 1 crosses Millstream Creek, a bore hole en coun tered 14 metres of stiff silt and clay with interbedded
com pact to dense sand, over ly ing 3 metres of very dense grav elly till. Down stream, thinly bed ded to lam i nated fine sand and
silt were ob served in a small ex po sure. The sur face ex pres sion of this unit is flat or gently slop ing, as in Millstream Creek val -
ley. These ar eas are in ter preted to rep re sent glaciolacustrine de pos its mar ginal to the Colwood delta and outwash plain, and
may in clude glaciofluvial and flu vial sed i ments.

Es ti mated VS30 at the site de scribed above is ~360 m/sec, so that this map unit is as signed to NEHRP site classes C and D
and a low to mod er ate am pli fi ca tion haz ard. The liq ue fac tion haz ard is in ter preted to be very low to low, sim i lar to the other
units with sands of Capilano age and low wa ter ta ble - the Vic to ria Clay and the Colwood delta. The sand pres ent in the bore -
hole at Millstream Creek is con sis tent with this rat ing. 

Victoria Clay

Unit C1; In ter me di ate be tween Units R2 and C2, In clud ing Un dif fer en ti ated Areas

This unit mainly con sists of ar eas where soil pro files typ i cal of units R2 and C2 oc cur to gether on a scale that is not
‘mappable’ with the data avail able. This unit also in cludes ar eas where there is greater than 5 metres of Vic to ria clay, but
where the thick ness of the lower grey clay fa cies is less than 3 metres. In re gions of poor subsurface con trol, the unit is com -
monly as signed to ar eas of slop ing ground be tween units R2 and C2, and to small low-ly ing ar eas that can not be con fi dently
mapped as unit C2. In such cases, use of this map unit in di cates un cer tainty. How ever, where bore hole data are pres ent, they
com monly dem on strate that the subsurface con di tions are truly a com plex mix ture of units R2 and C2. In some ar eas of slop -
ing ground mapped as unit C1, the ab sence of re ported bed rock may in di cate that older Pleis to cene de pos its un der lie the Vic -
to ria clay. As ad di tional data be come avail able, much of unit C1 could be re as signed to units R2, C2, and pos si bly C3, C4,
C4a, C4b, and C5. 

This unit is as signed to NEHRP site classes C, D and E, re flect ing the range in con di tions from units R2 to C2 and sed i -
ment thick nesses gen er ally greater than 3 metres in this map units. Con se quently, this map unit is as signed a low to high am -
pli fi ca tion haz ard. As in units R2 and C2, the liq ue fac tion haz ard is es ti mated to vary from very low to low. 

Unit C2; Thick Soft Clay

This unit is as signed to ar eas with more than 3 metres of the grey clay fa cies of the Vic to ria clay (Fig ure 2). The thick ness
of the grey clay fa cies is com monly greater than 10 metres and lo cally ex ceeds 20 metres. In this unit, the grey clay fa cies is
over lain by the brown clay fa cies of the Vic to ria clay, which is gen er ally 2 to 5 metres thick. The thick ness of older Pleis to -
cene de pos its un der ly ing the Vic to ria clay is gen er ally less than a few metres, but may be greater ad ja cent to drum lin oid
ridges. The unit oc cu pies low-ly ing and gently slop ing ground, and where bore hole data are not avail able, this unit is as signed 
to such ar eas be low 60 metres el e va tion.

Es ti mated VS30 in this map unit is gen er ally be tween 155 and 360 m/sec, so that this unit is as signed to NEHRP site
classes D and E, and a mod er ate to high am pli fi ca tion haz ard. Be cause the grey clay fa cies com monly meets the cri te ria for
soft clay, much of this unit can be as signed to NEHRP Site Class E on the ba sis of soft clay thick ness greater than 3 metres
(Ta ble 2). How ever, not all of the grey clay fa cies is soft. In deeper oc cur rences, the shear strength ex ceeds 25 kPa due to the
nor mal in crease of shear strength with depth. Fur ther more, the up per part of the grey clay fa cies is com monly slightly
overconsolidated where over lain by the brown clay fa cies; and in oc cur rences of unit C2 that are a few tens of metres wide, the 
grey clay is com monly sandy. In these cases the grey clay fa cies may not meet the cri te ria for soft clay. 

The liq ue fac tion haz ard is es ti mated to be very low to low in this unit, be cause sands in the up per part of the Vic to ria clay
are not wide spread, and where sands are pres ent they are likely to be above the wa ter ta ble at most times of the year.

Unit C2a is as signed to ar eas where the lower slopes of the Colwood delta are over lain by the Vic to ria clay. Lit tle is
known about the thick ness or geotechnical prop er ties of the Vic to ria clay in these ar eas. How ever, the land is low-ly ing and
or ganic soils lo cally oc cur at sur face (unit O1), in di cat ing that thick nesses of soft clay greater than 3 metres could be pres ent.
The haz ards are in ter preted to be the same as unit C2.
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Unit C3; Thin Clay Over Thick Older Pleis to cene De posits

This unit oc curs in ar eas with less than 5 metres of Vic to ria clay over ly ing older Pleis to cene de pos its greater than 10
metres thick. It gen er ally oc curs on the up per flanks of drum lin oid ridges. 

Based on es ti mated VS30 be tween 400 and 660 m/sec, this map unit is as signed to NEHRP site class C and a low am pli fi -
ca tion haz ard. How ever, the lim ited re sults of the SHAKE anal y ses and the sur vey of the ef fects of re cent mi nor earth quakes
in di cate that greater am pli fi ca tion than an tic i pated for site class C can some times oc cur above thick older Pleis to cene de pos -
its.

This unit is as signed a very low liq ue fac tion haz ard, be cause the older Pleis to cene sands are very dense. Fur ther more,
sands in the up per part of the Vic to ria clay are not wide spread and are likely to be above the wa ter ta ble at most times of the
year, par tic u larly in this unit which gen er ally oc curs in up land ar eas.

Unit C4; In ter me di ate be tween Units C3 and C5, In clud ing Un dif fer en ti ated Areas

This map unit in cludes ar eas with more than 5 metres of Vic to ria clay but less than 3 metres of the grey clay fa cies, un der -
lain by more than 10 metres of older Pleis to cene de pos its, as well as ar eas of poor subsurface con trol on gently slop ing ground 
that may in clude pro files typ i cal of both units C3 and C5. The brown clay fa cies tends to be thicker (up to 10 metres) where the 
Vic to ria clay over lies thick older Pleis to cene de pos its than where it over lies bed rock, prob a bly be cause of better drain age
through the Quadra sand. 

This unit is as signed to NEHRP site classes C, D and E, re flect ing the range in con di tions from units C3 to C5 and sed i -
ment thick nesses gen er ally greater than 3 metres in this map units. Con se quently, this map unit is as signed a low to high am -
pli fi ca tion haz ard. As in units C3 and C5, the liq ue fac tion haz ard is es ti mated to vary from very low to low. 

Unit C4a is as signed to the part of unit C4 where subsurface con trol is suf fi cient to show that it con sists of more than 5
metres of Vic to ria clay but less than 3 metres of the grey clay fa cies. The only area as signed to this unit is lo cated in a gen tle
de pres sion on the top of a Pleis to cene drum lin oid ridge in the vi cin ity of the Uni ver sity of Vic to ria. 

Based on es ti mated VS30 be tween 345 and 580 m/sec, this map unit is as signed to NEHRP site classes C and D and a low
to mod er ate am pli fi ca tion haz ard. This unit is as signed a very low to low liq ue fac tion haz ard, be cause the older Pleis to cene
sands are very dense, and sands in the up per part of the Vic to ria clay are not wide spread and are likely to be above the wa ter ta -
ble at most times of the year.

Unit C4b is as signed to ar eas of slop ing ground with poor subsurface con trol be tween units C3 and C4. In this map unit,
the Vic to ria clay over lies thick older Pleis to cene de pos its and may be greater than 5 metres, but the thick ness of the grey clay
fa cies is in ter preted to be less than 3 metres.

Based on es ti mated VS30 be tween 345 and 580 m/sec, this map unit is as signed to NEHRP site classes C and D and a low
to mod er ate am pli fi ca tion haz ard. This unit is as signed a very low to low liq ue fac tion haz ard, be cause the older Pleis to cene
sands are very dense, and sands in the up per part of the Vic to ria clay are not wide spread and are likely to be above the wa ter ta -
ble at most times of the year.

Unit C5; Thick Soft Clay Over Thick Older Pleis to cene De posits

This unit con sists of Vic to ria clay with more than 3 metres of the grey clay fa cies over ly ing older Pleis to cene de pos its
thicker than 10 metres. It oc cu pies small low-ly ing ar eas on the crest and flanks of the drum lin oid ridge at the Uni ver sity of
Vic to ria. In these ar eas, 5 metres of the grey clay fa cies has been ob served

This map unit is as signed to NEHRP site classes D and E, be cause es ti mated is VS30 be tween 300 and 340 m/sec and the
grey clay fa cies com monly meets the cri te ria for soft clay (Ta ble 2), and is as signed a mod er ate to high am pli fi ca tion haz ard. 

This unit is as signed a very low to low liq ue fac tion haz ard, be cause the older Pleis to cene sands are very dense, and sands
in the up per part of the Vic to ria clay are not wide spread and are likely to be above the wa ter ta ble at most times of the year.

AREAS WITH HOLOCENE DEPOSITS AT SURFACE

Holocene Peats

Unit O1; Peat Over Soft Clay

This map unit is de fined as Ho lo cene peat and or ganic soil over ly ing the Vic to ria clay (Fig ure 2). The thick ness of peat
var ies from less than 1 metre to a max i mum known thick ness of 8 metres im me di ately north west of the Saanich Pub lic Works
Yard at McKenzie Av e nue and Quadra Street. The brown clay fa cies is not pres ent in this map unit, and the grey clay fa cies is
gen er ally nor mally con sol i dated. The thick ness of the un der ly ing grey clay fa cies com monly ex ceeds 10 metres and has a
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max i mum known thick ness of 30 metres. In the ab sence of bore hole data, this map unit is ap plied to swamps and closed de -
pres sions that oc cur in ar eas be low 60 metres el e va tion.

This map unit is as signed to NEHRP site classes E and F, be cause the grey clay fa cies is nor mally con sol i dated so that the
thick ness of soft clay gen er ally ex ceeds 3 metres and the thick ness of peat lo cally ex ceeds 3 metres, re spec tively. The map
unit is as signed a high to very high am pli fi ca tion haz ard. 

The liq ue fac tion haz ard is es ti mated to be very low to mod er ate. Com pact to dense sands oc cur at the top of the Vic to ria
clay. These sands are only well de vel oped lo cally and are not mappable with the data avail able, but they are prob a bly sat u -
rated at most times of the year.

Unit O2; Up land Peat

This unit con sists of up land peat de pos its above 60 metres el e va tion. The peats in this unit are com monly less than a few
metres thick, but lo cally ex ceed 5 metres. In bore holes, these de pos its have been ob served to over lie up to 3 metres of soft
clayey silts and sands, that in turn over lie older Pleis to cene de pos its or bed rock. How ever, they may also over lie other sed i -
ment types, such as col lu vial de pos its, outwash sand and gravel, and glaciolacustrine sed i ments.

Where peat thick ness ex ceeds 3 metres, this map unit can be as signed to NEHRP site class F. Al though the es ti mated
VS30 is be tween 300 and 340 m/sec, this map unit is poorly known in bore holes, and it is con ser va tively as signed a mod er ate to 
very high am pli fi ca tion haz ard. 

The liq ue fac tion haz ard is es ti mated to be very low to low, be cause sands are thin and have com pa ra ble age and den sity to 
Capilano age sand (sand fa cies of the Vic to ria clay and the Colwood sand and gravel). The sands are likely to be sat u rated
most times of the year. 

Unit O3; Peat Over Sand and Gravel of the Colwood Delta and Outwash Plain

This unit con sists of peat de pos its over ly ing sand and gravel of the Colwood delta and outwash plain. Peat de pos its are
gen er ally less than 4 m thick, but lo cally reach 7 metres. These de pos its oc cur in low-ly ing ar eas on the delta and outwash
plain, such as late-stage aban doned chan nels and around the mar gins of mod ern lakes like Lang ford and Glen lakes.

As other map units as so ci ated with the Colwood delta and outwash plain (G1, G2 and G3), much of this unit can be as -
signed to NEHRP site class D, al though where peat thick ness ex ceeds 3 metres, it can be as signed to NEHRP site class F.
Con se quently, it is as signed a mod er ate to very high am pli fi ca tion haz ard. 

This map unit is as signed a low to mod er ate liq ue fac tion haz ard, as in other map units as so ci ated with the Colwood delta
and outwash plain with a shal low wa ter ta ble (G2 and G3). Fur ther more, finer sands more sus cep ti ble to liq ue fac tion may oc -
cur in this unit than in than in map unit G1, par tic u larly ad ja cent to Colwood Creek.

 Unit O3a con sists of closed de pres sions, mainly in ter preted to be ket tles, on the sur face of the Colwood delta and
outwash plain and in which peat may oc cur. The unit is as signed the same am pli fi ca tion and liq ue fac tion haz ard rat ing as unit
O3.

Unit O4; Ho lo cene Peat Over Glaciolacustrine De posits

This unit con sists of peat over ly ing glaciolacustrine de pos its mar ginal to the Colwood delta and outwash plain (unit G4).
The pres ence of peat is doc u mented in soil sur veys (Day et al., 1959; Jungen, 1985), ob served in the field, and in ferred from
the lo cal pres ence of swamps. 

This unit is in part as signed a NEHRP site class D, be cause the thick ness of glaciolacustrine de pos its is likely to be
thicker and thus the VS30 lower than in ad join ing parts of map unit G4 (as signed to site classes C and D). How ever, part of the
map unit likely could be as signed to NEHRP site class F, if peat thick nesses ex ceed 3 metres. Con se quently, this map unit is
as signed a mod er ate to very high am pli fi ca tion haz ard.

The liq ue fac tion haz ard is es ti mated to be low to mod er ate, as in other map units with Capilano age sand and shal low wa -
ter ta ble. 

Unit O5; Peat Over Ho lo cene Beach Sand

This unit is as signed to ar eas where peat over lies Ho lo cene sand in a shore line set ting. At Cadboro Bay, where bore hole
data are avail able, the peat unit is 2 to 6 metres thick and the un der ly ing sand is 3 to 9 metres thick (Fig ure 6). These de pos its in 
turn over lie over 30 metres of Ho lo cene ma rine mud and the grey clay fa cies of the Vic to ria clay. 

This map unit is as signed to NEHRP site classes E and F, be cause VS30 in the SCPT at Cadboro Bay is 157 m/sec (Fig ure
6) and the thick ness of peat lo cally ex ceeds 3 metres. Con se quently, this map unit is as signed a mod er ate to very high am pli fi -
ca tion haz ard. The liq ue fac tion haz ard is high to very high due to the pres ence of the Ho lo cene beach sands and shal low wa ter
ta ble. Two PLS cal cu la tions av er age 22+7 (Ta ble 6). 
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Holocene Sands 

Unit S1; Al lu vial Fan and Fan Delta De posits

This unit con sists of small al lu vial fans and fan del tas. No bore hole data are avail able in this unit, but the fans prob a bly
con sist of sand and gravel, par tic u larly where they oc cur along the lower flanks of sandy and grav elly drum lin oid ridges from
which they have been de rived. 

The am pli fi ca tion haz ard as signed to this map unit var ies ac cord ing to the de pos its that the al lu vial fans and fan del tas
over lie: low to mod er ate (NEHRP site classes C to D) where they over lie bed rock and older Pleis to cene de pos its; and mod er -
ate to high (NEHRP site classes D to E) where they over lie thick ac cu mu la tions of Vic to ria clay. This map unit is as signed a
mod er ate to very high liq ue fac tion based on the in ferred pres ence of young sandy sed i ments, and a vari able depth to the wa ter
ta ble. Fur ther in ves ti ga tions may re duce this haz ard in some cases.

Unit S2; Goldstream Delta De posits

The Goldstream River has built a small delta at the head of Saanich In let. The land ward part of the delta plain con sists of
peb ble to cob ble gravel al lu vial de pos its, and the sea ward part con sists of pre dom i nantly sandy tidal flats. The gravel al lu -
vium is in ter preted to have prograded over finer deltaic de pos its, in clud ing tidal flat de pos its. 

The am pli fi ca tion haz ard is in ter preted to be mod er ate, based on an in ferred thick ac cu mu la tion of deltaic de pos its that
prob a bly have shear-wave ve loc i ties that would place it in site class D. The liq ue fac tion haz ard is in ter preted to be high to
very high be cause of the in ferred pres ence of deltaic sands be neath the al lu vial grav els and the shal low wa ter ta ble. 

Unit S3; Stream De posits

Sandy al lu vial de pos its have been mapped only where they are in ter preted to be more than a few metres thick or are ex -
ten sive enough to be mapped. 

The am pli fi ca tion haz ard as signed to this map unit var ies ac cord ing to the de pos its that the stream de pos its over lie: mod -
er ate (NEHRP site class D) where they over lie glaciolacustrine de pos its; and mod er ate to high (NEHRP site classes D to E),
where they over lie thick ac cu mu la tions of Vic to ria clay.

This map unit is as signed a high to very high liq ue fac tion haz ard, based on the in ferred pres ence of Ho lo cene sands and
the shal low wa ter ta ble. Ob ser va tions along most streams in di cate that they are gen er ally downcutting or have a boul der and
cob ble gravel bed. In such cases, the liq ue fac tion haz ard ap pears to be neg li gi ble. How ever, the streams have not been in ves -
ti gated along their en tire length. Fur ther more, some of the most se ri ous dam age dur ing many earth quakes oc curs as a re sult of 
liq ue fac tion ad ja cent to streams. Con se quently, the streams are high lighted as a zone where a high to very high liq ue fac tion
haz ard may lo cally oc cur and where cau tion should be ex er cised.

Unit S4; Beach Sands

This unit in cludes mod ern beach sands. These de pos its are up to sev eral metres thick at Ross Bay and the north ern part of
Cadboro Bay, but else where thick nesses are un known.

The am pli fi ca tion haz ard as signed to this map unit var ies ac cord ing to the de pos its that the beach sands over lie: low to
mod er ate (NEHRP site classes C to D) where they over lie thin ac cu mu la tions of Vic to ria clay; mod er ate (NEHRP site class
D) where they over lie Colwood sands and grav els or in ter me di ate thick nesses of Vic to ria clay; and mod er ate to high or very
high (NEHRP site classes D to F) where they over lie thick ac cu mu la tions of Vic to ria clay and/or Ho lo cene peat. 

This map unit is as signed a high to very high liq ue fac tion haz ard due to the pres ence of the young Ho lo cene sands and a
shal low wa ter ta ble. Con sis tent with this as sign ment, PLS cal cu la tions in slightly older shore line sands (and prob a bly
slightly less sus cep ti ble to liq ue fac tion) in map unit O5 ad ja cent to this map unit at Cadboro Bay in di cate a high to very high
liq ue fac tion haz ard (PLS = 22+7, Ta ble 6). 

AREAS WITH ANTHROPOGENIC FILL AT SURFACE

Unit F; Fill 

Only the larger and thicker de pos its of anthropogenic fill of which the au thors are aware are in cluded in this map unit, the
prin ci pal ar eas be ing in shore line set tings and in re claimed gravel pits. The thick ness of fill can ex ceed 10 metres. The prop er -
ties of fill vary widely, from dense en gi neered fills that pres ent lit tle earth quake haz ard, to loose fills that can con trib ute sig -
nif i cantly to the am pli fi ca tion and liq ue fac tion haz ards. How ever, there are in suf fi cient data to dis tin guish these on a re gional 
ba sis. This map unit con sists of fills in which the un der ly ing nat u ral de pos its are not as well de fined in bore hole data as in the
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other fill map units de scribed be low (FR2, FT, FG, FC1 and FC2). 
The am pli fi ca tion haz ard as signed to this map unit var ies ac cord ing to the de pos its that the fills are in ferred to over lie:

low to mod er ate (NEHRP site classes C to D) over bed rock and thin ac cu mu la tions of Vic to ria clay; low to high (NEHRP site
classes C to E) over un known or vari able ac cu mu la tions of Vic to ria clay; and mod er ate to high (NEHRP site classes D to E)
over thick ac cu mu la tions of Vic to ria clay. 

Be cause there are in suf fi cient data to dis tin guish en gi neered fills from loose fills re gion ally, all fill units are as signed
high to very high liq ue fac tion to in di cate that a high to very high haz ard could be pres ent. PLS cal cu la tions in 6 fills ana lysed
av er age 16+11 (Ta ble 6). Non-en gi neered fills his tor i cally per form very poorly in earth quakes.

Unit FR2 is as signed to ar eas where fill over lies bed rock or thin na tive soils (unit R2). 
This map unit is as signed to NEHRP site class C where fills are thin, to site class D, where thicker fills oc cur. The am pli fi -

ca tion haz ard is es ti mated to be low to mod er ate. As in map unit F, this map unit is as signed a high to very high liq ue fac tion
haz ard.

Unit FT is as signed to large ar eas of fill in re claimed gravel pits in older Pleis to cene de pos its (Quadra sand and gravel;
part of unit T). Fill thick nesses are be tween 10 and 20 metres, so that the es ti mated VS30 is be tween 170 and 270 m/sec. This
map unit is as signed to NEHRP site classes D and E and a mod er ate to high am pli fi ca tion haz ard. As in map unit F, this map
unit is as signed a high to very high liq ue fac tion haz ard.

Unit FG is as signed to large ar eas of fill in re claimed gravel pits in Colwood sand and gravel (unit G1). Gen erally, re -
ported fill thick nesses are up to 9 metres, where the es ti mated VS30 is 210. Con se quently, most of this map unit is as signed to
NEHRP site class D like other parts of unit G1, and is as signed a mod er ate am pli fi ca tion haz ard. How ever, one small area
with up to 30 metres of clayey fill (E.J. McQuarrie, pers. comm.) is as signed to NEHRP site classes D and E and a mod er ate to
high am pli fi ca tion haz ard. As in map unit F, this map unit is as signed a high to very high liq ue fac tion haz ard.

Unit FC1 is as signed to ar eas where fill over lies un known or vari able thick nesses of Vic to ria clay (unit C1). Like map
unit C1, this map unit is as signed to NEHRP site classes C to E, and a low to high am pli fi ca tion haz ard. As in map unit F, this
map unit is as signed a high to very high liq ue fac tion haz ard.

Unit FC2 is as signed to ar eas where fill over lies unit C2. In shore line set tings, fill may over lie soft Ho lo cene ma rine mud 
that in turn over lies the Vic to ria clay, in which the brown and grey clay fa cies are both pres ent (Fig ure 5). Like map unit C2,
this map unit is as signed NEHRP site classes D to E, and a mod er ate to high am pli fi ca tion haz ard. As in map unit F, this map
unit is as signed a high to very high liq ue fac tion haz ard.
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Hazard Ratings 

GEOLOGICAL MAPPING

The initial step in the evaluation of the liquefaction hazard in the Victoria area was the preparation of a geological map that shows the thickness and
distribution of Quaternary stratigraphic units (Monahan and Levson, 2000). Subsurface geological data on which the geological map is based include:
over 5000 geotechnical borehole logs; several hundred water well logs; and nearly 3000 engineering drawings for municipal sewer and water lines.
Geological map units were defined on the basis of these data, and in part coincide with the U.S. National Earthquake Hazard Reduction Program
(NEHRP) soil classes for susceptibility to amplification of ground motion (Building Seismic Safety Council, 1994). Although the relative liquefaction
hazard map is colour-coded as to the level of hazard, the geological map units are shown on the map and indicated by the appropriate label in each
polygon (see legend). The geological map units are described in more detail in the accompanying report and expanded legend. Map unit boundaries
were interpreted on the basis of the subsurface data airphotos, large-scale topographic maps, and published soil maps. In addition, limited field checking
was conducted. In areas of poor subsurface control, the subsurface conditions are largely inferred from topographic and geomorphic evidence. To assist
the user in determining the accuracy of the subsurface geological mapping, sites where subsurface geological data were available to us are shown on
the maps.

LIQUEFACTION HAZARD MAPPING

Liquefaction is the transformation that occurs when earthquake shaking (or other disturbance) causes a saturated granular soil (e.g. sand) to lose its
strength and behave like a liquid. Liquefaction can be one of the major causes of damage during an earthquake. The susceptibility of a site to
liquefaction is dependent upon the depth to water table and the density, grain size and age of the underlying deposits (e.g. Youd and Perkins, 1978).

This map was prepared by assigning a hazard rating or range of hazard ratings to each geological map unit based on these criteria and a suite of
quantitative analyses using a modified version of PROLIQ2 and similar analyses (Monahan et al., 1998). PROLIQ2 (Atkins et al., 1986) estimates
the probability that liquefaction will occur at a site by combining Seed's method of determining liquefaction susceptibility (Seed et al., 1985) with the
probabilistic seismic model developed for the National Building Code of Canada (National Research Council of Canada, 1995). However, the severity
of surface disruption caused by liquefaction is a function of the depth and thickness of the liquefiable units. Consequently, Klohn-Crippen Consultants
introduced the term “probability of liquefaction severity” (PLS), in which a depth weighting function is applied to the layer by layer probabilities of
liquefaction calculated in PROLIQ2 (Levson et al., 1996a, b, 1998). PLS is defined by:

Σ

Σ
where Pli is the probability of liquefaction at depth  i (calculated from 0 to 20 metres), H i is the layer thickness, and W i is the weighting function that decreases linearly from
0.1 at the surface to 0 at 20 metres. Hazard ratings for specified PLS ranges are summarized in the following table.

Liquefaction Hazard Ratings

PLS (in 50 years) Hazard Rating

>25% very high

15-25% high

5-15% moderate

2-5% low

0-2% very low

Holocene sands (map units O5, S1, S2, S3 and S4) and modern anthropogenic fills (map units F, FR2, FT, FG, FC1 and FC2) are assigned high to very high hazard
ratings. Consistent with these assignments, many sandy shoreline deposits on the east coast of Vancouver Island liquefied during the 1946 Vancouver Island Earthquake
(Hodgson, 1946; Rogers, 1980), and non-engineered fills historically perform very poorly in earthquakes. The larger fills in the Victoria area are associated with port
facilities and reclaimed gravel pits. For further details on the hazard assessment of fills, refer to section 5 of the qualifications and limitations of this map.

Map units wit Capilano age sands and a typically shallow water table (map units G2, G3, O1, O3, O3a and O4) are assigned hazard ranges up to the moderate level.
The liquefaction hazard in the other map units is very low to low.
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Scale 1:25,000 (approximate)
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2 British Columbia Geological Survey
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 *  Liquefaction hazard variable in fills, but potentially high to very high; see text.
** Locally liquefaction hazard may be up to moderate due to shallow or perched water table, 
for example, in the vicinity of Happy Valley Road.

       Streams; potential for locally high to very high liquefaction hazard

A re as  with O lde r Ple is toce ne  D e pos its  (V as hon T il l  and ol der) at  t he sur f ace
T  Thick  (> 10  metres) o ld er P leisto cene dep osits

T a
O lder P leistocene  at the  surface  ind icated  by smo o th topograp hy,  but 
bo reho le data  ind ica te that bed rock  is locally shallow  (< 10  metres)

T /C3

Intermed iate  be tween units T and  C 3 , typ ically a reas w ith a  
d iscontinuous cover o f V icto ria clay over thick ( >10 metres)  o lder 
P le istocene d epo sits.

A re as  with be drock  at o r ne ar the  s urface

R2

Thin so il cover over b edrock  w ith sca ttered  outc rops; generally < 5  m o f 
V icto ria  c lay ove r < 10  m o f o ld er P leisto cene; in C o lw ood  d elta, < 5  m 
o f C o lwo od  sand  and  grave l over b edrock ; in up land  areas, < 10  m 
sed iment ove r bedrock .

R2a
A reas o f unit R2  where  5  to  10  metres o f o lde r P le istocene  deposits can 
be  mapped

R1/2 A reas o f thin so il cover and  nearly continuo us outcrop  und ifferentia ted
R1/2 Bed ro ck ; nearly continuous o utc rop  

L E G E N D
GEOLO GICAL M AP UN ITS AN D  LIQUEFACTION  H AZAR D  R ATIN GS

(colours  on the  map indicate  hazard ratings ; 
the  ge ological units  can b e id entifi ed on th e map by t he symbo ls show n h ere)

Hazard rating and
PLS%  in 50 yr.

Unit D esc riptio n
Very 
Low

Low
Mode-
rate

High
Very 
High

0-2% 2-5% 5-15
15
25

>25

F A nthropogenic fill*
FC2 F ill over unit C 2  (thick  so ft c lay)*
FC1 F ill over unit C 1  (variab le and  intermed iate thicknesses o f c lay)*
FG F ill over unit G1 (C o lwood sand and grave l)*
FT F ill over unit T (thick  o lder P le istocene deposits)*
FR2 F ill over unit R2  (thin so il cover over bedrock)*

Are as  with Holoce ne  de pos its  at the  surface
S4 H olocene beach sands
S3 S tream deposits
S2 G oldstream delta deposits
S1 A lluvia l fan and  fan delta deposits
O5 H olocene peat over Ho locene beach sand
O4 H olocene peat over glacio lacustrine deposits
O3 P eat over sand and gravel o f the C o lwood delta  and  outw ash p lain

O3a C losed depressions, interp reted to  be kettles
O2 U pland peat deposits
O1 H olocene peat over the grey clay facies o f the V icto ria clay

Areas with Capilano deposits (latest Fraser Glaciation) at or near surface

C5
>3 metres of the grey clay facies of the Victoria clay over thick (>10 
metres) older Pleistocene deposits

C4

>5 metres of the Victoria clay and <3 metres of the grey clay facies, 
over thick (>10 metres) older Pleistocene deposits, as well as areas 
where units C3 and C5 cannot be differentiated  with data available

C4a
>5 metres of the Victoria clay and <3 metres of the grey clay facies, 
over thick (>10 metres) older Pleistocene deposits

C4b
Areas where units C3 and C4 cannot be differentiated with data 
available, but the grey clay facies of the Victoria clay is <3 metres

C3
<5 metres of the Victoria clay over thick (>10 metres) olde
Pleistocene deposits

C2
>3 metres of the grey clay facies of the Victoria clay, under the brown 
clay facies and over thin (<10 metres) older Pleistocene deposits

C2a Victoria clay over lower slopes of Colwood delta

C1

Areas where units R2 and C2 cannot be differentiated with data 
available; also includes areas with >5 metres of the Victoria clay but 
<3 metres of the grey clay facies

G4 Glaciolacustrine (?) deposits marginal to the Colwood delta
G3 Late stage glaciofluvial channel on Colwood delta and outwash plain
G2 Distal and lateral foreset sands and silts of the Colwood delta 
G1 Sand and gravel of the Colwood delta and outwash plain ** **

Very Low

Low

Moderate

High

Very High

This map accompanies the "Relative Liquefaction and Amplification of Ground Motion Hazard Maps of Greater Victoria ( Geoscience Maps
2000-3a and 3b): Report and Expanded Legend", by P.A. Monahan, V.M. Levson, P. Henderson and A. Sy.

Victoria is located in one of the most seismically active regions of Canada (Rogers, 1998; Clague, 1996). The effects of earthquakes are not only
dependent upon the magnitude of the earthquake and the distance from the source, but they can vary considerably due to local geological conditions
These conditions can be mapped with varying degrees of completeness using existing geological and geotechnical data. It is the objective of this
map to show those areas of Greater Victoria in which the earthquake hazard is potentially increased due to the presence of soils susceptible to
liquefaction. This map accompanies four other maps relevant to earthquake hazards in Greater Victoria: a map of the Quaternary geology, on which
this hazard map is based (Geoscience Map 2000-2; Monahan and Levson, 2000); a map that shows areas susceptible to amplification of ground
motion (Geoscience Map 2000-3b; Monahan et al., 2000b); a map that shows areas susceptible to earthquake-induced slope instability Geoscience
Map 2000-3c; McQuarrie and Bean, 2000); and a composite map that shows areas susceptible to the amplification of ground motion, liquefaction,
and earthquake-induced slope instability hazards (Geoscience Map 2000-1; Monahan et al., 2000a). Results of this project are also discussed by
Monahan et al. (1998).

For the proper use of this map, the accompanying report and expanded legend should be carefully read and understood. This map is intended for
regional purposes only, such as land use and emergency response planning, and should not be used for site-specific evaluations. This map can be
used with other criteria to help planners select potential areas for development, avoid geologically vulnerable areas, and prioritize seismic upgrading
programs However, this map does not replace the need for site-specific geotechnical evaluations prior to new construction or upgrading of building
and other facilities. The qualifications and limitations of this map are discussed in more detail below and in the accompanying report and expanded
legend.

QUALIFICATIONS AND LIMITATIONS OF THIS MAP

1. This map is intended for regional purposes only, such as land use and emergency response planning, and should not be used for site
specific evaluations.

2. The map is based on interpretations of borehole records, the approximate locations of which are shown on the map. Where borehole data
are scarce, subsurface conditions had to be inferred from topographic and geomorphic evidence.

3. The boundaries of most map units are gradational, particularly in the Victoria area due to the extreme irregularity of the bedrock surface.
For these reasons, map unit boundaries are approximate, may enclose smaller occurrences of other map units, and are subject to revision as
more borehole data become available. Furthermore, geological materials are variable, and deposits of a map unit may locally have unusual
properties. Consequently, the hazard at a specific site may be higher or lower than shown on the map.

4. This map does not fully address man-made alterations to ground conditions whether the changes decrease or increase the hazard at a site. Poor
soil sites may have been improved during construction, which will change the hazard from that shown on the map.

5. Only the larger fills of which the authors were aware are shown on this map. Other areas of fill are present, and new areas of fill will be
developed in the future. The properties of fills vary from dense engineered fills with a very low liquefaction hazard to loose fills with a very
high liquefaction hazard. Because these could not be distinguished on a regional basis with the data available, all fill units were assigned a
high to very high hazard, to indicate that such a hazard could be present. Non-engineered fills historically perform very poorly in earthquakes.

6. The stability of dams under earthquake shaking, and hazards due to the failures of dams or other man-made structures have not been
addressed.

7. This map shows areas where the earthquake hazard is potentially increased due to liquefaction only. The amplification of ground motion and
earthquake-induced landslide hazards are addressed on accompanying maps ( Monahan et al., 2000b, and McQuarrie and Bean, 2000,
respectively). However, a low hazard on these maps does not mean freedom from earthquake hazards, because all areas could be subjected
to significant ground shaking during an earthquake. Furthermore, other earthquake hazards, such as tsunamis, land subsidence and ground
rupture are not addressed on this or any companion maps published as part of this investigation.

8. This map can not be used to directly predict the amount of damage that will occur at any one site because many other factors, such
as building design and construction details, must be considered. The map in no way shows how different types of buildings or other man-
made structures will perform during earthquakes. This map can be used to estimate the relative natural hazard due to liquefaction
susceptibility alone.
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or in upland areas < 10 m sediment over bedrock

In  unit G1:  sand and gravel
present at borehole

This map and accompanying information are not intended to be used for site specific
evaluation of properties. Soil and ground conditions in the map area were interpreted
based on borehole data and other information, available prior to the date of publication
and obtained from a variety of sources. Conditions and interpretations are subject to
change with time as the quantity and quality of available data improves. The authors and
the Ministry of Energy and Mines are not liable for any claims or actions arising from th
use or interpretation of this data and do not warrant its accuracy and reliability.
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Map 1. Relative Amplification 
Hazard Map

Borehole Legend

✚ Bedrock in shallow (generally < 3 m) excavation

Boreholes with lithologic data but insufficient
depth to classify

Peat

>5 m Victoria Clay & <3 m Grey Clay
>3 m Grey Clay 

<5 m of Victoria Clay

Small outcrop

Adjacent to unit G1: < 3 m to bedrock
or in upland areas < 10 m sediment over bedrock

In unit G1:  sand and gravel
present at borehole

Hazard Ratings 

Very Low

Low

Moderate

Hig

Very High

This map and accompanying information are not intended to be used for site specific
evaluation of properties. Soil and ground conditions in the map area were interpreted
based on borehole data and other information, available prior to the date of publication
and obtained from a variety of sources. Conditions and interpretations are subject to
change with time as the quantity and quality of available data improves. The authors and
the Ministry of Energy and Mines are not liable for any claims or actions arising from th
use or interpretation of this data and do not warrant its accuracy and reliability.

Langford
   Lake

Glen
   Lake

Thetis Lake

Prospect
   Lake

Elk Lake

Swan Lake

*Amplification variable, dependent upon adjoining
map unit and underlying deposits
**Amplification high because of thick fill
*** Amplification hazard may be locally higher than
NEHRP ratings based on effects of historic
earthquakes and SHAKE results; see accompanying
report.
**** Very high amplification due to topography may
locally occur in these map units; see report.
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T  T h ick (>10 me tres ) o ld e r P le is to cen e d ep o s its * * *

T a
O lde r P le is to cen e  a t th e  s u rface  in d icated  b y  s mo o th  
top o g rap h y ,  b u t b o reh o le  d a ta  ind ica te th a t b ed ro ck is  loca lly  
s h allo w (<10 me tres )* * *

T /C3
In te rmed ia te b etween  u n its  T  and  C3, ty p ically  a reas  w ith  a 
d is co n tin u o u s  co v er o f Vic to ria  c lay  ov e r th ick (>10 me tres ) 
o ld e r P le is to cen e d ep o s its * * *

Areas  with bedrock  at or  near the s ur face

R2

T h in  s o il co v e r o v e r b ed ro ck w ith  s ca t te red  o u tcro p s ;  
g en era ll y <5 m  of Vi ct ori a  c lay  over <10 m  o f  o l der  Plei st o c e ne;  
in  Co lwo o d  d e lta, <5 m o f Co lwo od  s an d  an d  g rav e l o v er 
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LEGEND
GEOLOGICAL MAP UNITS AND AMPLIFICATION HAZARD RATING

(colours on the map indicate hazard ratings; the geological units 
can be identified on the map by the symbols shown here)

N

Area of Detail

92B.053 92B.054

92B.043 92B.044

Vancouver Island

North American Datum 1983
UTM Zone 10

Map Base from TRIM
1:20,000 Digital Dat

Areas with Capilano  deposits (latest Fraser Glaciation) at the surface

C5
>3 metres of the grey clay facies of the Victoria clay over thic
(>10 metres) older Pleistocene deposits

C4

>5 metres of the Victoria clay and <3 metres of the grey clay 
facies, over thick (>10 metres) older Pleistocene deposits, a
well as areas where units C3 and C5 cannot be differentiated  
with data available

C4a
>5 metres of the Victoria clay and <3 metres of the grey clay 
facies, over thick (>10 metres) older Pleistocene deposit

C4b
Areas where units C3 and C4 cannot be differentiated with data 
available, but the grey clay facies of the Victoria clay is <3 
metres

C3
<5 metres of the Victoria clay over thick (>10 metres) older 
Pleistocene deposits***

C2
>3 metres of the grey clay facies of the Victoria clay, under the 
brown clay facies and over thin (<10 metres) older Pleistocene 
deposits

C2a Victoria clay over lower slopes of Colwood delta

C1
Areas where units R2 and C2 cannot be differentiated with data 
available; also includes areas with >5 metres of the Victoria 
clay but <3 metres of the grey clay facies

G4 Glaciolacustrine (?) deposits marginal to the Colwood delta

G3
Late stage glaciofluvial channel on Colwood delta a
outwash plain

G2 Distal and lateral foreset sands and silts of the Colwood delta 
G1 Sand and gravel of the Colwood delta and outwash plain

Are as  with Holocene depos i ts  at t he  surface
S4 H o lo cen e  b each  s an d s *

S3 Stre am d e p o s its *

S2 Go ld s t rea m d e lt a  d ep o s its
S1 A ll u vi al f a n  a n d f a n  d el t a  d e p o si t s *

O 5 H o lo cen e  p ea t  o v e r H o lo cen e  b eac h  s an d
O 4 H o lo cen e  p ea t  o v e r g lac io lac u s t rin e  d ep o s its

O 3 Pea t  o v e r s an d  a n d  g rav e l o f th e  C o lw o o d  d e lta  an d  o u tw as h  p la in

O 3a Clo s ed  d e p res s io n s , in te rp re ted  to  b e  ke t t les
O 2 U p lan d  p e a t  d ep o s its
O 1 H o lo cen e  p ea t  o v e r th e  g rey  c lay  fac ies  o f th e  Vic to ria  c lay

NEHRP Site Class and 
Hazard Rating

Unit Description A/B C D E F

Vlow Low Mod High Vhigh

Areas with Anthropogenic Fill at the surface

F  Anthropogenic fill *

FC2 Fill over unit C2 (thick soft clay)
FC1 Fill over unit C1 (variable and intermediate thicknesses of clay)
FG Fill over unit G1 (Colwood sand and gravel)

FT Fill over unit T (thick older Pleistocene deposits)**
FR2 Fill over unit R2 (thin soil cover over bedrock)
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INTRODUCTION

Seismic slope hazard mapping is intended to show relative susceptibility to earthquake-induced slope
failures.  This map is part of a larger earthquake hazard mapping project.  Two companion earthquake hazard
maps are published separately: an “Amplification of Ground Motion and Liquefaction Hazard Map” and a
composite map showing all three hazards.  Detailed descriptions of the methodology and the classification
system used to prepare this seismic slope hazard map are provided in the Thurber Engineering Ltd. report
entitled “Victoria Microzonation of Seismic Slope Hazards, Summary Report” to the Capital Regional
District, dated January 23, 1998.

The maps are intended to provide basic regional data for land use planning, community planning and
emergency response planning.  Although this map can be used with other criteria to help planners select
potential areas for development, avoid geologically vulnerable areas and to prioritize seismic upgrading
programs, this map does not replace the need for site-specific geotechnical evaluations.

METHODOLOGY

The seismic slope hazard map is based on a compilation of existing subsurface data, previous slope stability
assessments, bedrock geology and surficial geology maps, topographic data, and airphoto interpretation.
Limited field observations were made at representative sites as well as sites flagged during airphoto
interpretation as potentially unstable.  Stability analyses were conducted on twelve different slope models
including typical or simplified slopes found throughout the Victoria area as well as specific, complex slope
models where more detailed information was available.  The stability analyses determined both the static
factor of safety and the yield acceleration (the intensity of seismic motions that would cause a slope failure).

SEISMIC SLOPE HAZARD CLASSIFICATION SYSTEM

The seismic slope hazard map uses a 5 class system (very low, low, moderate, high and very high) based
primarily on the yield accelerations determined from the stability analyses.  The general criteria for soil
slopes using yield acceleration were as follows:

HAZARD
RATING

YIELD ACCELERATION

(g = acceleration due to
gravity)

PROBABILITY OF SLOPE
FAILURE

(in 50 years)

Very Hig less than 0.05g greater than 62%

High 0.05g to 0.15 g 16 to 62%

Moderate 0.15g to 0.25g 8 to 16%

Low greater than 0.25g less than 8%

Very Low n/a n/a

Rock slopes were considered more qualitatively.  The two most common rock types in Greater Victoria are
relatively stable with relatively low relief, thus were generally given a low hazard rating.  The potential for
boulder ravelling or very small rock falls exists throughout much of these hilly areas, particularly during an
earthquake, but overall such rock hazards are of relatively minor regional impact and can only be identified
by site specific assessments.   A low hazard rating  is a reflection of the relative overall slope stability hazard
and does not imply that a structure located at the base of a steep bedrock slope within such an area is safe
since the map is not intended to identify hazards on a lot by lot basis. 

The Mount Finlayson/Malahat/Goldstream River area consists of steeper terrain, greater relief, and much
weaker bedrock creating steeply eroded valley terrain that poses considerably greater terrain hazards. 
Bedrock also has a direct influence on the slope stability at the north end of the Saanich Peninsula where
northward dipping bedding in the sedimentary bedrock forms potential failure surfaces for the overlying
colluvium.

The study, as a rule, does not consider stability hazards created by cuts or fills for roads or developments
because such conditions are constantly changing and are usually at a scale that requires a detailed, site-
specific assessment.  Exceptions to this rule pertain primarily to areas where there has been large scale
alterations to the natural terrain.  In such cases, a natural hazard rating has been given along with a second
rating pertaining to the areas altered by development (i.e. L(H*)) means a low seismic slope hazard naturally
but several areas of anthropogenically-caused high hazard identified).

The slope hazard classes do not consider subaqueous failures that may occur along the coastline or the shores
of lakes since slope conditions below the water cannot be assessed by airphotos and are not included on the
T.R.I.M. maps.  Polygons along the coastline refer to the seismic slope hazard above the high water level.
A low rating does not necessary mean the slope should be safe during an earthquake since a subaqueous
failure could impact the slope above the shoreline.

LIMITATIONS OF THIS MAP

The map is intended for regional purposes only, such as land use and emergency response planning and
should not be used for site specific evaluations, property assessments or approving suitability for
development.  Responsibility for independent conclusions, interpretations or decisions by those using this
map, lie with the user, including decisions to either purchase or sell land.

This map has been prepared in accordance with generally accepted hazard mapping practices.  The map
boundaries are based primarily on a slope map prepared from T.R.I.M. data, airphoto interpretation, regional
surficial and bedrock geology maps and available site specific assessments or investigations.  As such, the
level of detail is not consistent across the entire map area or even within any given portion of the map area.
Those areas where a site assessment has been conducted  will have been mapped and analysed in much
greater detail than other areas.  The boundaries of each map polygon are approximate only, particularly where
less detailed information was available.  Also, each polygon has been given a rating that is considered
representative of the relative seismic slope hazard but may often contain smaller areas with both higher and
lower hazard ratings.

There is a practical limit to the size of potential slope failures that can be considered in a regional mapping
study.  Small failures caused by locally steeper terrain, not readily apparent on the slope map, or pockets of
colluvium on a steep rock slope, cannot be identified at this scale.  As a rule, the seismic slope hazard ratings
do not consider hazards caused by cuts, fills, or other anthropogenic alterations to the natural terrain. 
Exceptions to this rule have been noted
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The relative amplification hazard ratings shown on Map 1 are  generalized ratings and do not reflect the amplification hazard in all cases. In particular, the amount of amplification due to
soil conditions diminishes as the strength of ground shaking (i.e. acceleration) increases. Maps 2 to 5 show how amplification factors (not the actual amount of earthquake ground
motion) can vary with different strengths and periods of ground motion. See below and see text under "Variation in amplification levels".

2. Topographic effects

This map does not show areas susceptible to amplification due to topography, which can exceed amplification due to
soil conditions in some cases. High amplification is commonly experienced on hills, ridges and the tops of cliffs (Finn,
1994; Sommerville, 1998), which are generally underlain in the Victoria area by thin and/or dense soils and bedrock
(units R1, R1/2, R2, and T). Consequently, the very low and low hazard ratings assigned to these map units may not
apply on such topographic features. Amplification due to topography is poorly understood and not readily quantified
at this time.

3. Three-dimensional effects

This map does not consider amplification due to three-dimensional effects, such as the focussing of energy due to the
structure of the earth’s crust in the region, which can be as great as amplification due to soil conditions (Somerville,
1998).

This map reflects variations in earthquake hazard due to soil conditions, which are applicable to most earthquakes
that will affect the region. Topographic and three-dimensional effects are more dependent on the earthquake location
and direction of seismic energy.
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QUALIFICATIONS AND LIMITATIONS OF THIS MAP

1. This map is intended for regional purposes only, such as land use and emergency response planning, and should not be used
for site-specific evaluations.

2. The map is based on interpretations of borehole records, thapproximate locations of which are shown. Where borehole data are scarce,
subsurface conditions had to be inferred from topographic and geomorphic evidence.

3. The boundaries of most map units ar gradational, particularly in the Victoria area due to the extreme irregularity of the bedrock surface
For these reasons map unit boundaries arapproximate, may include smaller occurrences of other map units, and are subject to revision
as more borehole data become available. Furthermore, geological materials are variable, and deposits of a map unit may locally have
unusual properties. Consequently, the hazard at a specific site may be higher or lower than shown on the map.

4. This map does not fully address man-made alterations to ground conditions, whether the changes decrease or increase the hazard at a
site. Poor soil sites may have been improved during construction, which will change the hazard from that shown on the map.

5. Only the larger fills of which the authors were aware are shown on the map. Other areas of fill are present, and new areas of fill will
be developed in the future. The properties of fills vary from dense engineered fills to loose fills with a potentially high amplification
hazard

6. The stability of dams under earthquake shaking, and hazards due to the failures of dams or other man-made structures have not been
addressed.

7. This map shows areas where the earthquake hazard is increased due to amplification of ground motion. However, a low hazard
on this map does not mean freedom from ground shaking due to earthquakes, because all areas could be subjected to
significant ground shaking during an earthquake. Furthermore, the degree of amplification on soft soils diminishes as the
intensity of ground shaking on bedrock increases, so that in the case of a strong earthquake close to the city, little variation in
ground shaking (i.e. acceleration) may occur due to local soil conditions at short period ground motions. However, the city will
be affected more often by more distant earthquakes that generate moderate shaking on bedrock, so that areas shown with a hig
amplification hazard here will be subjected to potentially damaging ground motions more often than sites with a low amplification
hazard. This subject is discussed in more detail above under “Variation in amplification levels” and illustrated in Maps 2 to 5.

8. The amplification of ground motion hazard has been estimated on the basis of the National Earthquake Hazard Reduction Progra
(NEHRP) site classes for susceptibility to amplification of ground motion (Building Seismic Safety Council, 1994), which are based
on the average response of various types of soils. Thus, variation in the amplification hazard should be expected within in an
geological map unit. This map does not address:

a) amplification of ground motion due to resonance, which can be particularly destructive to structures whose natural
periods match those of the site (Reiter, 1990; Rial, 1992);
b) amplification of ground motion due to topography, by which ground motions can be amplified on hills, ridges and the
tops of cliffs (Finn, 1994; Somerville, 1998); an
c) amplification due to three-dimensional effects, such as the focussing of energ due to the structure of the earth’s crust
in the region (Somerville, 1998).

9. This map addresses only the amplification of ground motion hazard. The liquefaction and earthquake-induced landslide hazards are
addressed on accompanying maps (Monahan et al., 2000b, and McQuarrie and Bean, 2000, respectively). Other earthquake hazards,
such as tsunamis, land subsidence and ground rupture are not addressed on this or any other maps published as part of this
investigation.

10. This map can not be used to directly predict the amount of damage that will occur at any one site because many other factors,
such as building design and construction details, must be considered. The map in no way shows how different types of building
or other man-made structures will perform during earthquakes. This map can be used to estimate the relative natural hazard due to
the susceptibility to soil amplification alone.
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This map accompanies the "Relative Liquefaction and Amplification of Ground Motion Hazard Maps of Greater
Victoria (Geoscience Maps 2000-3a and 3b): Report and Expanded Legend", by P.A. Monahan, V.M. Levson,
P. Henderson and A. Sy.

Victoria is located in one of the most seismically active regions of Canada (Rogers, 1998; Clague, 1996). The effects
of earthquakes are not only dependent upon the magnitude of the earthquake and the distance from the source, but they
can vary considerably due to local geological conditions. These conditions can be mapped with varying degrees of
completeness using existing geological and geotechnical data. It is the objective of this map to show those areas of
Greater Victoria in which the earthquake hazard is increased due to the presence of soils susceptible to amplification
of ground motion. This map accompanies four other maps relevant to earthquake hazards in Greater Victoria: a map
of the Quaternary geology, on which this hazard map is based ( Geoscience Map 2000-2; Monahan and Levson, 2000);
a map that shows areas susceptible to liquefaction (Geoscience Map 2000-3a; Monahan et al., 2000b); a map that shows
areas susceptible to earthquake-induced slope instability (Geoscience Map 2000-3c; McQuarrie and Bean, 2000); and
a composite map that shows areas susceptible to the amplification of ground motion, liquefaction, and earthquake-
induced slope instability hazards (Geoscience Map 2000-1; Monahan et al., 2000a). Results of this project are also
discussed by Monahan and Levson (1997) and Monahan et al. (1998).

For the proper use of this map, the accompanying report and expanded legend should be carefully read and
understood. This map is intended for regional purposes only, such as land use and emergency response planning,
and should not be used for site-specific evaluations. This map can be used with other criteria to help planners select
potential areas for development, avoid geologically vulnerable areas, and prioritize seismic upgrading programs.
However, this map does not replace the need for site-specific geotechnical evaluation  prior to new construction or
upgrading of buildings and other facilities. The qualifications and limitations of this map are discussed in more detail
below and in the accompanying report and expanded legend.

GEOLOGICAL MAP PING

The initial step in the evaluation of the relative amplification of ground motion hazard in the Victoria area was the preparation
of a geological map that shows the thickness and distribution of Quaternary stratigraphic units (Monahan and Levson, 2000).
Subsurface geological data on which the geological map is based include: over 5000 geotechnical borehole logs; several
hundred water well logs; and nearly 3000 engineering drawings for municipal sewer and water lines. Geological map units
were defined on the basis of these data, and in part coincide with the U.S. National Earthquake Hazard Reduction Program
(NEHRP) site classes for susceptibility to amplification of ground motion (Building Seismic Safety Council, 1994). Although
the relative amplification of ground motion hazard map is colour-coded as to the level of hazard, the geological map units are
shown on the map and indicated by the appropriate label in each polygon (see legend). The geological map units are described
in more detail in the accompanying report and expanded legend. Map unit boundaries were interpreted on the basis of the
subsurface data, airphotos, large-scale topographic maps, and published soil maps. In addition, limited field checking was
conducted. In areas with little or no subsurface data, the subsurface conditions are largely inferred from topographic and
geomorphic evidence. To assist the user in determining the accuracy of the subsurface geological mapping, sites where
subsurface geological data were available to us are shown on the maps.

AMPLIFICATION OF GROUND MOTION HAZARD MAPPING

Amplification of ground motion refers to the increase in the intensity of ground shaking that can occur due to local geological
conditions, such as the presence of soft soils. In the Victoria area, the amplification hazard rating for each geological map unit
is estimated primarily on the basis of the NEHRP site classes for susceptibility to amplification (see Table 1) and are shown
on the legend of this map.

The NEHRP site classes are defined primarily on the basis of the average shear-wave velocity in the upper 30 metres (Building
Seismic Safety Council, 1994). Shear-wave velocity data were derived from 15 seismic cone penetration tests (SCPTs) and
4 spectral analysis of surface wave tests (SASW) in the Victoria area. These techniques are described by Robertson et al., 1992
and Stokoe et al., 1994, respectively. The shear-wave velocity data were used to develop a shear-wave velocity model for the
principal Quaternary geological units, so that the average shear-wave velocity in the upper 30 metres could be estimated at
other sites where such data were not available (Monahan and Levson, 1997).

On the basis of these criteria, the amplification hazard varies from very low, where bedrock is exposed (unit R1*), to
high where soft clay is present (units C2, C5, O1 and O5). The assigned hazard rating extends to very high in units where
peat more than 3 metres thick occurs at the surface (Map 1 Monahan et al., 1998). Consistent with these hazard ratings,
most damage experienced inVictoria during the 1946 Vancouver Island earthquake was concentrated in areas underlain
by soft soils, and damage was the least where bedrock is near or at the surface Wuorinen, 1974, 1976).

** The critical period of ground motion for a specific building or building type should be determined by a qualified structural engineer.

Site
Class

General Description  Definition (Vs30=average shear-wave velocity
in upper 30 m, m/sec)

Susceptibility Rating

A Hard rock Vs30>1500 Nil*
B Rock 760<Vs30<1500 Very Low*
C Very dense soil and

soft rock
360<Vs30<760; or Vs30>760 m/sec where >3

m of soil over bedrock
Low

D Stiff soils 180<Vs30<360 Moderate

E Soft soils Vs30<180; or >3 m silt and clay with plasticit
index >20, moisture content >40%, and

undrained shear strength <25 kPa

High

F Peats or highly
organic clays

Peat thickness > 3 Very High (?)

However, several important qualifiers must be added to these hazard ratings.

1. Variation in amplification levels

The intensity of amplification on soft soils diminishes as the strength of ground shaking (i.e. acceleration)
increases (Building Seismic Safety Council, 1994). This decrease is more pronounced for short period ground
motions, which typically affect short buildings, than for long period ground motions, which typically affect tall
buildings such as high rises** (see Maps 2 to 5 and adjoining text, and the accompanying report and expanded
legend for more details). For example, at ground shaking levels of 0.1 g on bedrock (0.1 g is acceleration equal
to 10% of the force of gravity, and approximately the onset of damage in buildings not designed to be earthquake
resistant; bedrock refers to NEHRP site class B), short period ground motions can be amplified by a factor of 2.5
on soft soils (i.e. 0.25 g; Map 2). However, at ground shaking levels of 0.4 g on bedrock (0.4 g is the current
building code design acceleration for Victoria; National Research Council of Canada, 1995), amplification of short
period ground motions due to soft soils is minimal, and all areas will be shaken strongly but more or less equally
(i.e. ~0.4 g; Map 4). Consequently, amplification on soft soils in Victoria may be minimal for short period ground
motions in the event of a large earthquake in close proximity to the city (i.e. all areas will be shaken strongly), but
could be significant for a large earthquake tens of kilometres distant and generating moderate shaking on bedrock
in the city. However, a moderate shaking event is much more likely to occur than a strong shaking event. For
example in the Victoria area, shaking of 0.1 g on bedrock is more than ten times as likely to occur as shaking of
0.4 g on firm ground. Thus, areas assigned a high amplification hazard on Map 1 will be subjected to potentially
damaging ground motions much more often than areas with a very low hazard.  For long period ground motions,
amplification due to soil conditions also diminishes as the strength of ground motions increase, but can still be
significant at 0.4 g (Maps 3 and 5).

This map does not address amplification of ground motion due to resonance. The specific periods of ground
motion that match the natural periods of a site can be greatly amplified, and can be particularly destructive to
structures whose natural periods match those of the site** (Reiter, 1990; Rial, 1992).

Maps 2, 3, 4 and 5 show the approximate amplification factors for moderate and strong shaking (accelerations on bedrock of 0.1 g and 0.4 g, respectively), and for short and long
period ground motions (typically affecting short and tall buildings, respectively**). The amplification factor is the amount by which ground motion on bedrock (i.e.NEHRP site
class B) is multiplied due to soil conditions. Acceleration of 0.1 g represents the approximate onset of damage in buildings not designed to be earthquake resistant, and 0.4 g is the
current building code design acceleration for Victoria (National Research Council of Canada, 1995). Both short and long period ground motions occur during an earthquake, but
usually one type dominates depending on earthquake magnitude and distance from the source. These maps were prepared using the estimated average NEHRP site class for each
geological map unit shown on Map 1 and the corresponding NEHRP amplification factors for short and long period structures (see Table 3 of the accompanying report). 

Amplification factors decrease as the acceleration o bedrock  increases, and this decrease is more pronounced for short period than long period ground motions. Short period
ground motions can be amplified 2.5 times or more on soft soils during moderate shaking (Map 2; i.e. to 0.25 g, where acceleration on bedrock is 0.1 g). Conversely, relative
amplification of short period ground motions due to the presence of soft soils during strong shaking is minimal, and all areas will be shaken strongly but more or less equally (Map
4; in this case ~0.4 g). Although little amplification of short period ground motions will occur during strong shaking (Map 4), moderate shaking is much more likely to occur, so
that areas shown as high hazard on Map 1 will be subjected to potentially damaging short period ground motion much more often than low hazard areas. For example in the Victoria
area, shaking of 0.1 g on bedrock is more than ten times as likely to occur as shaking of 0.4 g on bedrock. Although amplification of long period ground motions also diminishes
as the intensity of ground shaking increases, it is still significant at 0.4 g (Maps 3 and 5). Thus, in most cases (e.g. Maps 2, 3 and 5) and most often, the hazard ratings shown
on Map 1 will reflect the intensity of amplification due to soil conditions (see also text under "Variation in amplification levels").

The variation in ground motions predicted using the amplification factors shown here does not exceed the seismic design criteria of the current building code (National
Research Council of Canada, 1995), but could be significant for structures not governed by the seismic provisions of the code as well as older structures. In the current
building code amplification factors are expressed relative to “firm ground”,  typically NEHRP site class C, whereas NEHRP amplification factors are expressed relative to site class
B.

** The critical period of ground motion for a specific building or building type should be determined by a qualified structural engineer.

Approximate Amplification Factors Relative
to Rock, NEHRP Site class B)

Legend for Maps 2 to 5

Low

Moderate

High

~1

~1.5

>~2.5

APPROXIMATE AMPLIFICATION FACTORS FOR DIFFERENT GROUND MOTIONS

MODERATE EARTHQUAKE SHAKING
(0.1 g on bedrock - approximate onset of damage in buildings not designed to be

earthquake resistant)

STRONG EARTHQUAKE SHAKING
(0.4 g on bedrock - current bu ild ing code design acceleration for V ictoria.)
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Map 4. amplification factors for short period ground motions at a strong level of shaking
on bedrock. Note that in this case, there is little difference in amplification due to soil
conditions across the area, and all areas will be shaken strongly but more or less equally
(i.e.~0.4 g).

NOTE: ALL AREAS
WITH STRONG SHAKING 
BUT WITH LITTLE 
VARIATION DUE TO 
AMPLIFICATION

Map 2. amplification factors for short period ground motions at a moderate level of shaking
on bedrock. Note that short period ground motions may be amplified 2.5 times (i.e. to 0.25
g) on soft soils. Note also that the high hazard areas shown on Map 1 also have high
amplification on this map.

NOTE: LOCALIZED
HIGH AMPLIFICATION

Map 3. amplification factors for long period ground motions at a moderate level of shaking
on bedrock. Note that long period ground motions may be amplified greater than 2.5 times
or more on soft soils. Note also that the high hazard areas shown on Map 1 also have high
amplification on this map.

NOTE: WIDESPREAD
HIGH AMPLIFICATION

Map 5. amplification factors for long period ground motions at a strong level of shaking on
bedrock. Note that long period ground motions may be amplified 2.5 times on soft soils.
Note also that the high hazard areas shown on Map 1 also have high amplification on this
map.

NOTE: ALL AREAS
WITH STRONG SHAKING
AND SIGNIFICANT
VARIATION DUE TO
AMPLIFICATION

* Amplification on rock sites due to topography can be significant, and can exceed
amplification due to soils in some cases. See below.

TABLE 1
Categories for Soil Susceptibility to Amplification (definitions from Building Seismic Safety

Council (1994); descriptive susceptibility ratings from Klohn-Crippen Consultants Ltd., 1994)
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