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INTRODUCTION

This map shows the thickness and itistion of the Quaternary stratigraphic units in Gneate
Victoria. It is intended to provide the geological basis for the assessment of the earthquake
hazards shown on companion mapswhich depict th&attion and amplification of gund

motion Greater Victoria (Geoscience Maps 2000-3a and 2000-3b Moedla2000b ad

). The geological units shown here are defined in part toreflect thesels. There are dw
additional maps relevant to earthquake hazards in Greateri&ietanap thatshowseas
susceptible to earthgkerinduced slope instabilit €oscience Map 2000-3c; McQ uarrie and
Bean, 2000) and a composite map that shows areas susceptible to the amplification of ground
motion, liquefaction, and earthquake-induced slope instabiliparda (Geoscience Map
2000-1; Monahaet al,, 2000, a)

This map is intended for regional purposes only and should not be used for site-specific
evaluations. For the proper use of this map, the qualifications and limitations section shdul
be carefully read and understood.

SUMMARY OF QUATERNARY GEOLOGY

Quaternary deposits in Greater Victoria overlie an irregular glacially-scoured bedrock surface.
The depth to bedrock canvary from zero to as much as 30 metres within the spage of a cit
block (Wuorinen, 1976; Nasmith and Buck, 1998).

The oldest Quaternary deposits include glacial and non-glacial sediments that underlie the
Vashon till of the Late Wisconsinan Fraser Glaciation. The pre Vashon sediments occur
principally in the central and eastern parts o Saanich Peninsula, where they are up to 60
metres thick and have commonly been sculpted into a series of north-trendin drumlinoid
ridges and crag-and-tail features (Clague, 1976). The Vaiitdrettly overlies bedrockri

much of the Greater Victoria area. Itis a discontinuous unit and is generaltijdasa fe

metres thick (Nasmith and Buck, 1998). The Vashon till and underlying Pleistocene deposits
are grouped together here as “older Pleistocene deposialdecthey are overconsolidated
and have high shear-wave velocities (Monahan and Le{8&7).

The Vashon till isoverlain by the Capilano sediments, whichwere deposited at the close o
the Fraser Glaciation when sea level was higher than present. The principal units of the
Capilano sediments in the Victoria area are the Victoria clay and the Colwood sand and gravel.

% BRriTisH
22 COLUMBIA

Ministry of Energy and Mines

0.5 0

Geological Survey Branch

Geoscience Map 2000-2,

QUATERNARY GEOLOGICAL MAP OF GREATER VICTORIA

TRIM SHEETS (92B.043, 044, 053 & 054)

Patrick A. Monahan, P. Geo.%, and Victor M. Levson, P. Geo.?
Scale 1:25,000 (approximate)

0.5

e e —

1 Monahan Petroleum Consulting
2 British Columbia Geological Survey

1 15k

LEGEND

AREAS WITH ANTHROPOGENIC FILL AT SURFACE

UNIT F: FILL

Only the larger and thicker deposits o anthropogenic fill of which the authors are aware are included in this map
unit. The principal areas are shoreline settings and reclajreijits. The tlickness of fill can exceed 1  metres.

The properties of fill vary widel , from dense engineered fills to ffilssd@ here are indticient data to distinguish

these regionally.

The Victoria clay is a unit o glaciomarine clayey silt that forms an irregular blanket-like
deposit, generally below an elevation of 60 metres, but locally up to about 75 metres. It ranges

in thickness from zero over bedrock knolls to 30 metres in degnessi thdill or bedrock
surface. The Victoria clay has three distinct facies. A lower, soft to firm, grey clay (grey clay
facies) is in most places gradationally overlain by a desiccated and oxidized crust of stiff, brow

clay (brown clay facies) 2 to 5 metres thick (Crawford and Sutherl®¥d,; Nasmith and
Buck, 1998). The Victoria clay commonly coarsens slightly upward, and a sand facies occurs

locally near the top.

The brown clay facies of the Victoria clay is at the surface in most of the Victoria area.
However, in closed depressions and other lowying atfeafiown cla  facies is absent and

Unit FC2 is assigned to areas where fill overlies unit C2. In shoreline settings, fil may owverie soft Holocene
marine mud thatin turn overlies the Victoria clay, inwhich the brown and grey clay facies are both present.
FCl Unit FC1 is assigned to areas where fill overlies unknownor variabl thicknesses of Victoria clay (unit C1)
FG Unit FG is assigned to large areas offill in reclaimed gravel pits in Colwood sand and grav@tlL{unit
Unit FT is assigned to large areas of fill in reclaimed gravel pits in older Pleistocene deposits (Quadra san
andgrave ; part of unit T).
FT d f unit T)
FR2 Unit FR2 is assigned to areas where fill overlies bedrock or thin native soils (unit R2).

the Victoria clay is gradationally ottain by up to 6 metres of organic silt and peeit
represent lake and bog deposits, referred to here as Holocene organic soils. The upper part
of the grey clay facies is slightly overconsolidated where overlain by the brown clayfaties, bu
normally consolidated where overlainby Holocene organic soils (Nasmith and Buck, 1998)

The Colwood sand and gravel is a glaciofluvial outwash and deltaic déybgicturs at th
surface over much o Colood and Langford (Howes and Nast$i88 Yorath and
Nasmith, 1995). The aximum known thickness of the Colwood sand andajrés 30

metres. The surface of the delta and outwash plain has beenincised by late-stage gllaciof

channels and contains closed depressions interpreted to be kettles. Some of these cha
and depressions are still occupied by creeks and lakes, and are in part fillpeatitBand

andgrave foreset beds are known from gravel pits, but deposits of silt up toseveral me

thick interbeddedwith sand occur on the delta slope on the northeast andsiitles o
the delta and are interpreted to represent distal and lateral foreset deposits (Monahan and
Levson, 1997). Similar sediments likely underlie parts of the delta plain.

AREAS WITH HOLOCENE DEPOSITS AT SURFACE

HOLOCENE SANDS

UNIT S4; BEACH SANDS: This unitinclude modern beashnd . These deposits are up to several nzetre
thick at Ross Bay and the northern parto Cadboro Bay, but elseswhere sbéskae unknown.

UNIT S3; STREAM DEPOSITS: Sandy alluvial deposits have been mapped only where they ayeéide
to be more than a few metres thick or are extensive enough to be mapped. Observations aloeg s Dstistte
that they aregenerally downcutting or have a boulder and cobble gealzel

UNIT S2; GOLDSTREAM DELTA DEPOSITS: The Goldstream River has built asmall delta at the head
of Saanich Inlet. The landward part of the delta plain consists of pebble to cobbleligréaéeposits, and the
seaward part consists of predominantly sandy tidal flats. The gravel alluvium is interpreted tprograded ore
finer deltaic deposits, including tidal flat deposits.

UNIT S1; ALLUVIAL FAN AND FAN DELTA DEPOSITS This unitconsists of small alluvial fans and

fan deltas. No borehole data are available in this unit, but the fans probably consist of sand and gravel, particularly
where they occur alongthe lower flanks of sandy and gravelly drumlinoid ridges fromwhich they have been derived.

HOLOCENE PEATS

S
In shoreline and nearshore settings, the brown clay facies of the Victoria clay extends be Jﬁ
modern sea level, because relative sea level fell below its modern position itegte la
Pleistocene and earliest Holocene (Clagua., 1982; Hutchinson, 1992). In these settings
the brown clayfacies is overlain by Holocene marine mud deposited during the Holocene
in sea level (Crawford and Sutherlad871 Nasmith and &ck, 1998). Holocene marine 05

UNIT O5; PEAT OVER HOLOCENE BEACH SAND: This unit is assigned to areas where peat overlie
Holocene sand in a shoreline setting. At Cadboro Bay, where borehole datdsdnieatiae peat unit is 2 to 6

muds are locally overlain b prograding shoreline sands. Shoreline sands are in turn locaily
overlain by peat, and in some places, shoreline peat deposits are overlain by recent beach
sands and intertidal sediments (Clague, 1996n&han and Levsod997).

metres thick and the underlying sand is 3 to 9 metres thick. These deposits in turn overlie over 30 metres of
Holocene marine mud and the grey clay facies of the Victoria clay.

UNIT O4; HOLOCENE PEAT OVER GLACIOLACUSTRINE DEPOSITS: This unit consists of peat
04 overlying glaciolacustrine deposits marginal to the Colwaglithch  outvash fain (unit G4). The presence of peat
is documented in soil sunveys (Day al, 1959 Jungen, 1985), observed in the field, and inferred from the local
presence of swamps.
GEOLOGICAL MAPPING UNIT O3; PEAT OVER SAND AND GRAVEL OF THE COLWOOD DELTA AND OUTWASH PLAIN :
. ) ) . ) ) 03 T his unit consists of peat deposits overlying sand and gravel of the Colwocadktiatvash fain. Peat deposits
Subsurface geologicalata on which this map is based includeer 5000 geotectical are generally less than 4 m thick, but locally reach 7 metres. These deposits occur in logelymthe delta and
borehole logs obtained from a variety of public and private agencies; sevehaichwater outwash plain, such as late-stage abandoned channels and around the margins of modern lakes like Langford and
well logs obtained from the Groundwater Section of the Ministry of the Environment; and Glen lakes.
nearly 3000 engineering drawings for niipal sewer and water lines, that commonly sho 03a Unit O3a consists of closed depressiongimty interpreted to be kettles, on theface ofthe Colwood
where bedrock was encountered. delta and outwash plain andin which peasyoccur.

U.S. National Earthquakedzard Reduction Program (NEHRP) definitions of site classes fo
susceptibility to amplification of ground motion (Building Seismic Safety Council, 1994). Ma
unit boundaries were interpreted on the basis of the gabsuwlata, airphotos.{:20,000

Geological map units were defined on the basis of these data and in part coincide Withm

maps (1:2000 td:5000). Soil maps by Da et al. (1959) and Junggi985) and seismic
microzonation maps of Victoria by Wuorinen (1974, 1976) also provided useful informatior.
Limited field checking was conducted.

black and white dated 1974 and :5000 colour dated 1990) and large-scale topographicn

In areas of poor subsurface control, the subsurface conditions are larfgzhed from
topographic and geomorphic evidence. For example, scattered bedrock with thin soil cover
(unit R2), generally occurs in hilly areas, and thizkt glaciomarine clays (units C2 and O1
generally occur in lowlying areas. In areas of poor subsurface control, map unit C1 was
applied to areas of sloping ground between occurrences of units R2 and C2, and in these area
represents an uncertain proportion of both these units. To assist the user in determining the
accuracy of the subsurface gegibal mapping, sites where subsurface geological data wer

UNIT O2; UPLAND PEAT: This unit consists of upland peat deposits above 60 metres elevation. The peats in
this unit are commonly less than a few metres thick, lsaliylexceed 5 metres. In boreholes, these deposits have

or bedrock. However, they may also overlie other sedimenttypes, such as colluvial deposits sandhast
gravel, and glaciolacustrine sediments.

UNIT O1; PEAT OVER SOFT CLAY: This map unitis defined as Holocereapand organic soil okging the

Victoria clay The thickness of peat variesfrom lessthan 1  metre to a maximum known thickness of metres
immediately northwest of the Saanich RabWorksYard at McKenzie Avenue and Quadra Street. The browncla

facies is not presentin this map unit. The thickness of the underlyin grey clay facies commonly exceeds 10 metre
and has a maximum known thickness of 30 metres. In the absence of borehole data, this map unit is applied to
swamps and closed depressions that occur in areas below 60 metres elevation.

AREAS WITH CAPILANO DEPOSITS (LATEST FRASER
GLACIATION) AT SURFACE

VICTORIA CLAY

available are shown on this map.

C5

UNIT C5; THICK SOFT CLAY OVER THICK OLDER PLEISTOCENE DEPOSITS: T his unit consistsfo
Victoria clay with more than 3 metres of the grey clay facies overlying older Pleistocene deposits thicker than 10
metres. It occupies small lowdying areas on tbstand flanks of the drumlinoid ridgeat the Ungigrof Victoria

QUALIFICATIONS AND LIMITATIONS OF THIS MAP

This map provides the geological basis for the assessment of the amplificagic@uotl
motion and liquefaction hazards in Greater Victoria (Monadtaal., in pre a), and the
geological map units used here are defined in partto reflect these hazards.

This map is intended for regional purposes only. The mapis based in part on interpretation
of borehole records, thepproximatdocations of which are shown. Where borehole data are

UNIT C4; INTERMEDIATE BETWEEN UNITS C3 AND C5, INCLUDING UNDIFFERENTIATED
AREAS: This map unit includes areas with more than 5 metres of Victoria clay but less than 3metres of the grey

control on gently sloping ground that may include profiles typical of both units C3 and GBowWreclayfacies
tends to be thicker (up to 10 metres) where the Victoria clay overlies thick older Pleistocene deposits thanwhere
it overlies bedrock, probably because of better drainage through the Quadra sand.

Unit C4ais assigned to the part of unit C4where subsurface controlis sufficient to show theisis cbn
more than 5 metres of Victoria clay but less than 3metres of the grey clay facies. The only area assigned

scarce, subsurface conditions had tarterred from topographic and geomorphic evidence. 4@ 1o this unitis located in agentle depression on the top of adeleite drumlinoid ridge in thecinity of

The boundaries of most map units are gradationaicydarly in the Victoria area due to the the University of Victoria.

extreme irregularity of the bedrock surface. For these reasons, map uciabesrare _ o _ _ _

approximate may enclose smaller occurrences of other map units, and are subject to revision Unit C4b is assigned to areas of slopingground with sobsurface control betweenunits C3 and CA. In

borehole data become available. Eurthermore. geolodicailsiate variable. and this map unit, the Victoria clay overlies thick older Pleistocene deposits and may begreater than metres,

as more ] ] : »geolog : . S C4b but the thickness of thegrey clay facies is interpreted to be less than 3 metres.

deposits of a particular map unitmay locally have unusual properties. Finallyliroitgd

field checking was conducted to confirm interpretations.

In addition, this map does not fully addness-madealteraions toground caditions, suc UNIT C3; THIN CLAY OVER THICK OLDER PLEISTOCENE DEPOSITS:  This unit occurs in areasith

as excavation of problem soils followingilldrg of the boreholes on which the map is based C3 | less than 5 metres of Victoria clay overlying older Pleistocene deposits greater than 10 metres thick. It generally

or the presence of artificial fill. Only the larger fills of which the authors were aware are showr occurs on the upper flanks o drumlinoid ridges.

on the map. Other areas of fill are present, andnew araliswilf be developed in the UNIT C2; THICK SOFT CLAY: This unitis assigned to areaswith more than 3 metres of the grey clayffacies o

future. C2 the Victoria clay. The thickness of the grey clay facies is commonly greater than 10metres and locally exceeds 20
metres. In this unit, the grey clay facies is overlain by the brown clay facies, which is generally 2 to 5 metres thick.
The thickness of dlder Pleistocene deposits underlying the Victoria clay isgenerally less than a few metres, but may
be greater adjacent to drumlinoid ridges. The unit occupies low-lying and gently sloping ground, and wheee borehol
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clay, but where the thickness of the lower grey clay facies is less than 3 metres. In regions of poor subsurface control,
the unitis commonly assigned to areas of sloping ground between units R2 and C2, and to small lowHyiag areas th

cannot be confidently mapped as unit C2. In such cases, use of this map unit indicates uncertainty. However, where

borehole data are present, they commonly demonstrate that the subsurface conditions are truly a congplex mixtur

of units R2 and C2. In some areas of sloping ground mapped as unit C1, the absence of reported bedrock may

indicate that older Pleistocene deposits underlie the Victoria clay (unit C3). As additional data bedaile av
much of unit C1 could be reassigned to units R2, C2 and possibly C3.

COLWOOD SAND AND GRAVEL

G4

UNIT G4; GLACIOLACUSTRINE DEPOSITS MARGINAL TO THE COLWOOD DELTA:  This unit
occurs in small valleys adjacent to the Cowood Deltaan outwash plain. Borehole control in these areas is poor.

Where Highway 1 crosses Millstream Creek, a borehole ete@ah14 metres of stiff silt and clay with
interbedded compact to dense sand, overlying 3 metres of very dense gravelly till. Downstream, thinly bedded to
laminated fine sand and silt were observed in a small exposure. The surface expression of this unitis flat or gentl
sloping, as in Millstream Creek valley. These areas are interpreted to represent glaciolacustrine deposits margina
to the Colwood delta and outwash plain, and may include glaciofluvial siadiflediments.

UNIT GS3; LATE STAGE GLACIOFLUVIAL CHANNEL: This map unit consists of late-stage channets an
associated pointbars. These are incised into the upper part of th Colwood delta an outwash plain in thevicinit
of Colwood Creek. Where borehole data aedlable, sediments consist of fine sand and silta fe metres thick,

and elsewhere the deposits are interpreted to be finerthan adjacent parts of the delta and outwash plain. Parts o
the channels are filledwith peat and are assigned to map unit O3.

UNIT G2; DISTAL AND LATERAL FORESET SAND AND SILT OF THE COLWOOD DELTA: This

unit consists primarily o interbedded silt and sand that are interpreted to be distarahddatset deposits o

the Colwood delta, overlainbya fe metres of the brown clay facies of the Victoria clay. In most areas itforms
regularly sloping surfadbat descends from the surface of the Colwood delta and outtedstapd represents the

final delta slopeLocally it has been assigned to areaswhere the delta and outwash plain are incisedby Holocene
stream erosion, exposing older delta foreset deposits. These deposits are commonly 10 to 30 metres thick.

Gl

UNIT G1; SAND AND GRAVEL OF THE COLWOOD DELTA AND OUTWASH PLAIN:
This unit consists 0 interbedded sand and gravel of the raised Late Pleistocene delta and outwash plain centred

onthe City o Colwood and the Distrof Langford. The delta and outwash plain have a terraced surfacerbetwee

60 and 90 metres elevation. Fe boreholes penetrate the entire thickness of these deposits, and these are all located
in the eastern part of the delta andwagh plain. The maximum knowitkness ofthese deposits is 30 metres,

and the thickness is probably greaterin much o Colwood and the eastern part o Langford. Silts occur locally in
the delta topset in abandoned channel deposits. In the vicinity of Happy Valley Reasheartd and gravel are

overlain by 1 to 2 metres of silt interpreted to be a late-stage glaciolacustrine deposit marginal to the delta. Deposits
of silt up to several metres thick also occur interbeddedwith sand in lateral and distal parts of the delt foreset.

W here these are exposed at the surface they are distinguished as unit G2, butthey are likely also présent beneat
parts of the delta and outwash plain in unit G1. On the margins of the delta, th Colwood sand andgravel overlie
bedrock (see unit R2), but in the gravel pits south of Esquimalt LagoorvéhieyalderPleistocene deposits that

are locally over 50 metres thick.

AREAS WITH OLDER PLEISTOCENE DEPOSITS AT SURFACE

UNIT T; THICK OLDER PLEISTOCENE DEPOSITS: This unit occurswhere older Pleistocene deposits ar
greater than 10 metres thick and are exposed at the surface. These deposits are commonly thicker than 30 metre
and locally exceed 60 metres, such as along the sea cliffs at Cowichan Head. They occur principally as drumlinoid
ridges, several kilometres in length, and as shorter ridges south of prominent bedrock hills (crag-and-tail features)
Hilly areas underlain by unit T are typically characterized by smooth topography, in continasirtegular
topography of areas underain by shallow bedrock (unit R2). Locally, bedrock knobs reach alhmostitéace

within this map unit but are rarely detectable with the borehole data available. The surficial deposits are commonly
the Vashon till or the Quadra sand but,where th drumlinai@sithve beersubjected to Holocene eion, older

deposits are exposed.

Unit Ta is assigned to areas that have smooth surface topography, comparable to areas with thick older

el Pleistocene deposits (unit T), but wheredhote data indicate that bedrock is locally shallow rtdes).
Unit T/C3 is applied to those areas intermediate between units T and C3, typically
T/ C3 areas with a discontinuous cover of Victoria clay over older Pleistocpaositie

AREAS WITH BEDROCK AT OR NEAR SURFACE

R2

UNIT R2; THIN SOIL COVER WITH SCATTERED BE DROCK OUTCROP: This unitgenerally consist
of shallow soils over bedrock. In much of Greater Victoria, this unit includes aressithan 5 metres of Victeri

been observedto overlie up to 3 metres of soft clayey silts and sands, that in turn overlie older Pleistocene deposits

Clay, mainly the brown clay facies, overlyingthin older Pleistocenesitepo bedrock. Scattered outcragur

throughout the unit, and bedrock is commonly found in the upper fe metres (e.g. in utility line excavations). Th
thickness of older Pleistocene deposits in most places is less than a few metres, but may localy be up to 10 metres.
In areas adjoining the Colwood delta and outwash plain, thisesiiied to areaswhere  borehole data show tha

less than 5 metres of the Colwood sandandgrave overlies bedrock. In uplandregions above 60 metres elevation,
the unit is assigned to areaswhere bedrock is generally overlain by less than a few metres of sediment, commonly
older Pleistocene depositswith some colluvium, althoughlocally sediment thicknesses are up to 10 metres. This map
unitgeneraly occurs in hilly areas, where the topography is clearly controlled by the irregular bedrock swface. Du

to the irregularity of the bedrock surface, the thickness of the sedimentary cover over bedrock can vary by several
metres across short distascsich as the length of a building lot.

Unit R2a consists of those areas of unit R2 where thicknesses of older Pleistocene deposits betveen 5 an
10 metres can be mapped.

R1/2

UNIT R1/2; OUTCROP AND THIN SOIL COVER UNDIFFERENTIATED: This unit includes sparsely
developed, mainly rocky, upland areas with little or no subsurface control, and where unitsrBdkjbaxdd R2
(thin soil cover) could not be readily differentiated on air photos due to extensive tree cover. This unit may includ

small unmapped upland peat bogs and areas of older Pleistieqsrsits.

R1

UNIT R1; BEDROCK: This unit consists of neary continuous outcrop and generally occurs in hilly and
mountainous areas.

clay facies, underlain by more than 10 metres of older Pleistocene deposits, aswell as areas of poor subsurface
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