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Volcanology of the 2350 B.P. Eruption of Mount Meager Volcanic
Gomplex, British Golumbia, Ganada: implications for Hazards
from Eruptions in Topographically Complex Terrain 1
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Abstract The Pebble Creek Formation (previously
known as the Bridge River Assemblage) comprises the
eruptive products of a 2350 calendar year B.P. eruption
of the Mount Meager volcanic complex and two rock
avalanche deposits. Volcanic rocks of the Pebble Creek
Formation are the youngest known volcanic rocks of
this complex. They are dacitic in composition and con-
tain phenocrysts of plagioclase, orthopyroxene, amphi-
bole, biotite and minor oxides in a glassy groundmass,
The eruption was episodic, and the formation com-
prises fallout pumice (Bridge River tephra), pyroclastic
flows, lahars and a lava flow. It also includes a unique
form of welded block and ash breccia derived from col-
lapsing fronts of the lava flow. This Merapi-type brec-
cia dammed the Lillooet River. Collapse of the dam
triggered a flood that flowed down the Lillooet Valley.
The flood had an estimated total volume of 1,0e m3 and
inundated the Lillooet Valley to a depth of at least
30 m above the paleo-valley floor 5.5 km downstream
of the blockage. Rock avalanches comprising mainly
blocks of Plinth Assemblage volcanic rocks (an older
formation making up part of the Mount Meager vol-
canic complex) underlie and overlie the primary vol-
canic units of the Formation. Both rock avalanches are
unrelated to the 2350 B.P. eruption, although the post-
eruption avalanche may have its origins in the over-
steepened slopes created by the explosive phase of the
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eruption. Much of the stratigraphic complexity evident
in the Pebble Creek Formation results from deposition
in a narrow, steep-sided mountain valley containing a
major river.
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lntroduction

Overview and purpose

The Mount Meager complex is the site of the most re-
cent major explosive volcanic activity in British Colum-
bia (Hickson 1994). This activity produced a diverse se-
quence of volcanic deposits, well exposed in the bluffs
along the Lillooet River (Fig. 1), that are herein de-
fined as the Pebble Creek Formation. The primary vol-
canic deposits are dacitic in composition and include
dissected remnants of fallout pumice, pyroclastic flows,
welded breccias, flood deposits (lahars) and a lava flow.
The eruption was so energetic that thin, very fine-
grained, distal deposits of tephra have been identified
in Alberta, 530 km from the vent (Nasmith et al. 1967;
Westgate and Dreimanis 1967). An unusual, thick
apron of welded vitrophyric breccia may represent the
explosive collapse of an early lava dome or lava flow
front (e.9., Francis et al. 197 4; Bardintzeff 1984; Nakada

This paper describes the physical aspects of these
deposits: their distribution, relationships, nature and
hazards. We summarize and review pertinent field, pet-
rographic and chemical data (Nasmith et al. 1967; An-
derson 1975; Read 1977a, b; Stasiuk and Russell 1989,
1990; Evans 1992;Ke 1992; Stasiuk et al. 1996), recon-
struct the sequence of events that produced these vol-
canic deposits, and explain several enigmatic, if not
unique, pyroclastic deposits. This complex volcanic as-
semblage provides an excellent example of the hazards
resulting from cyclic deposition of Merapi-type deposits
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ribaldi volcanic belt. Inset map shows Quaternary volcanoes in
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in rugged mountain valleys. Our work demonstrates
that volcanic activity at Mount Meager blocked the Lil-
looet River, setting the stage for catastrophic failure of
the upper part of the formation and resulted in an mas-
sive outburst flood.

Geological background

The Mount Meager complex is part of the Garibaldi
volcanic belt (Fig. L), the northernmost segment of the
Cascade magmatic arc (Green et al. 1988; Guffanti and
Weaver 1988; Read 1990; Sherrod and Smith 1990;
Hickson 1994), which includes Mount Baker and Gla-
cier Peak in Washington. Quaternary volcanism along
the Cascade magmatic arc is related to subduction of
the Juan de Fuca plate beneath North America (Fig. 1

inset; Green et al, 1988; Rohr et al. 1996),
The Mount Meager volcanic complex (2645 m asl) is

150 km north of Vancouver in the southern Coast
Mountains, between the Lillooet River and Meager
Creek (Fig. 2), The Quaternary volcanic complex over-
Iies a basement of plutonic and metamorphic rocks. As
originally mapped by Read (I977a, b), the Mount
Meager volcanic complex includes peripheral coeval
basaltic lava flows and pyroclastic deposits, central
overlapping piles of andesite lava flows, dacite domes
and flows, and pyroclastic units (Fig. 2). Read (1977a,
b) subdivided the complex into a number of assem-
blages: the Devastator; Pylon; Job; Capricorn; Plinth;
Mosaic; and the Bridge River Assemblage, Read
(1971a, b) demonstrated that the most recent phase of
volcanic activity was the eruption and deposition of the
Bridge River Assemblage. The "Bridge River" designa-
tion was based on correlation with ash beds first de-
scribed near Bridge River, British Columbia, and refer-
red to as Bridge River tephra (e.9., Drysdale 1916;
Stevenson 1947; Nasmith et al. 1967; Westgate and
Dreimanis 1967). We have renamed this unit of post-
glacial volcanic deposits as the Pebble Creek Forma-
tion due to the prior usage of the term Bridge River
Complex (Gabrielse and Yorath 1991) for Paleozoic
rocks north of the volcanic complex.

Radiometric ages on volcanic rocks of the Mount
Meager volcanic complex range from 2.2Ma (K-Ar) to
2350 B.P. (radiocarbon) (Read 1977a, b; Evans 1992).
The most recent dating by Clague et al. (1995) and
Leonard (1995) indicates that the youngest eruption is
about 23-50 calendar years old. The vent for the most
recent eruption is no longer exposed but was located by
Read (1977a, b) on the amphitheatre-like northeastern
shoulder of Plinth Peak at an elevation of about
1500 m, 1000 m above the floor of the Lillooet Valley
(Fig. 3).

Petrographic characteristics

The vent of the 2350 B.P. eruption is in a col sur-
rounded by steep cliffs comprising units of the Plinth

Fig.2 Geological map showing the distribution and age of vol-
canic rocks of the Mount Meager volcanic complex (Read 1977b;
modified from Read 1990): PLl, basal breccia; PL2, porphyritic
dacite; Pl, The Devastator Assemblage; PY2 arld PYJ Pylon As-
semblage; P4, Job Assemblage; P5, Capricorn Assemblage; Pl
Plinth Assemblage; P7, Mosaic Assemblage; R1, dacitic deposits
of the Pebble Creek Formation

Assemblage (Plvd) (Fig. 2 unit PL; Fig. 3, unit Plvd;
Read 1977a, b; Evans 1992). Although volcanic rocks of
the Plinth and Pebble Creek Formations have a num-
ber of mineralogical and chemical similarities, they can
be distinguished petrographically (Table 1). These pe-
trologic differences are critical to sorting out the source
and origin of some of the stratigraphic units.

In outcrop, rocks of the Plinth Assemblage are mas-
sive, dense, light to dark grey, and commonly red
weathering. In thin section, the rocks are highly por-
phlritic; plagioclase dominates the phenocryst assem-
blage, but biotite and quartz are also abundant, and
amphibole and clinopyroxene are also present. The
groundmass is fine-grained, hyalocrystalline and micro-
vesicular. Locally, the groundmass can be partly devi-
trified. The crystalline portion of the groundmass com-
prises crystals of plagioclase, amphibole, pyroxene and
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QUATERNARY
Holocene
f--O_l Colluvium, alluvium, fluviat deposits

pebble Creek Formation (pCF)
t-.Atfi_l Plrtrlh Avalanche deposits:

[,4onolitholog,c poorly sorted, lirhic
breccia blocks, unconsolidated

I-- vd 
_l 

Vitrophyri6. loca,ly h,gt"ty vesicJtar.
porphy.rtrc (plagioclase. orthopyroxene.
amphibole and biotite) dacite

f h__-l Very poorly sorted, unconsoljclated,
polymictic debris flow deposit containing
characteristic prismatically Jointed
welded breccia blocks (either bx, or bx,)

[---fiI RecJdish-grey, parriat,y titnitied.
monotithologic, crudeiy bedded. matrix
to clast supported brecc!a

GEOLOGIC CONTACTS
-.- known

approximate
assu med

Note: Topography is in feet
limit of mapping

l---bx;_l Welded vitrophyric block anci ash ftowl
less intensely welded than bx_

T-pl, -'l Pyroclasticflow unit; lateralty
continuous; subrounded breadcrust_
textured pumice blocks in fine-grained
ash matrixl reverse grading of punrice,
normal grading of lithic clasts, abundant
charred wood

l----tf-_--l Fallout rephra un't: weil sorred grey-buff
pLrnrice laoillr and blocks, accessory
pinkish-grey welded ignimbrite,
accidental sparse granite ancl plinth
Assemblage clasts, rare rounded granite
clasts; upper portions substantially
reworked:

INSET

TERTIARY
Miocene
Fall Creek Stock

flTqm I Biotite quartz nronzonite,
leucoquartz ntonzunite;
alaskite

MESOZOTC
Cretaceous and/or Jurassic

fdmqm I Biotite. quartz monzonit
limrted outcrop

t-CI,N4qo I B,otite. quartz dronte,
limited outcrop

I--bx---l Welded vitrophyric block ancl ash llow, Evbi-:-] Avalanche cleoosit' -onol'thologic Pr'1th| '^) t uriiroty;;ti;; rare granrric Lrasls, Peak assembiage rocks' soil ho'izon
unconsolidated basal breccra of lithic developed on upper surface
b lo cks

t-v5_l Discontinuous, poorly sorted, crudely Pleistocene
bedded. potymictic debris flow, plinth Assemblage
subangular PCF biocks dominate: 20%
subangular to subroundecl granitic clasts f-FitA] Light, to,dark grey, porphyritic

(plagioclase, quartz, biotite)daciteflows, Triassic(?)T- pl-__l Pyroclastrc flow unit; laterally breccia and asht , z t 
discontinuous, subrounded to Cadwallader Group
breadcrust-textured pumice blocks f-* f 

*_l -Iitr 
ra7 ^;,11 Greenstone. uol

in fine-grained ash rTratrix; reverse 
I I I I rrr 

t-o6ci"l Greenstone' volcanic

gracJing of pumice, normat grading of f-pyv;-l Porphyrltic (plagiocrase + pyroxene) 1j,""?,?'i;j,ii,'.iiJl"tt'
lithic clasts, no charred wood andesite flows, breccia and ash limited-ouicrop

Fig' 3 Geological map showing areal distribution .of Pebble its (unit /a), and f) plinth-dominated rock avalanche cleposits('reek Formalion including: a.) f'allout pumice deposits and re- luni\i"ero.rr,*z) (modified from stasiuk et al. lgg6 and Readworked equivalents (unit rfl. b) pyroclastic flow deposits (uniis )sii;1. Lu.iii*s of cross-sectir.rns shown in Fig. 7 are inclicated,Pft*z\..c).."Melapi-type" weldecl'block and ash cleposit iunits cun;;; in feet: 1 foot=0.3041{ nrbx,.r*r). d) lava flow (unit r,d), e) hot, jointed, block fioocl dtpos-
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