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The distinctive attributes of debris torrents* 

OLAV SLAYMAKER 
Department of Geography, University of British Columbia, 
Vancouver, BC, Canada 

Abstract The term debris torrent was introduced in North 
America's Pacific Northwest region to describe coarse-grained, 
rapid channelized flows rich in organic debris. Environmental 
conditions favouring their occurrence and distinctive criteria for 
recognition of debris torrents are discussed. A classification of 
gravitational and fluvial sediment transporting processes is 
presented as a framework for papers presented at the Debris 
Torrent Workshop 6a held in Vancouver in August, 1987. 

Les caractéristiques distinctives des "torrents de débris" 

Résumé On a introduit le terme "torrent de débris" dans la 
région du nord ouest de l'Amérique du Nord pour décrire des 
grandes coulées qui contiennent de gros graviers et des débris 
organiques dans le lit des torrents. Les conditions de 
l'environnement qui favorisent leur formation et les critères 
distinctifs des "torrents de débris" sont discutées. On présente 
ici une classification des processus de transport des sédiments 
sur les pentes et dans les rivières. Cette classification est une 
des bases des communications présentées au Colloque 6a 
"Torrents de Débris" à Vancouver, août 1987. 

INTRODUCTION 

Debris avalanches and debris torrents are two forms of debris flow that are 
widespread in the coastal Pacific Northwest of the United States, British 
Columbia and southeast Alaska (Slaymaker & McPherson, 1977; Swanston, 
1978; Nasmith & Mercer, 1979: Miles & Kellerhals, 1981; Innes, 1983: 
Eisbacher & Clague, 1984; Evans & Lister, 1984; Martin et al, 1984; 
Skermer, 1984; Jackson et al, 1985). Debris torrents are here defined as 
rapid, channelized flows of saturated, poorly sorted non-plastic soil and 
organic debris. They are distinguished from debris avalanches in that the 
latter are not channelized. Debris torrents are sometimes called "channelized 
debris flows" (Evans, 1982). The term "debris torrent" has been widely, 
though not universally, accepted in the Pacific Northwest (Swanston, 1974; 
Swanston & Swanson, 1976; Krag et al., 1986). The term is not found in 
Selby (1982), and Pierson & Costa (1987) urge its abandonment because it is 
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not process-specific 
The criticism that the term is not process-specific is less serious that 

the absence of an explicit definition because most mass movement 
phenomena display transitional categories and involve more than one 
"process" or movement mechanism. For example debris flows, whether 
channelized or unchannelized, are rapid flows of unsorted debris that 
normally show visco-plastic or dilatant rheology or some combination of 
these (Johnson, 1970). Debris torrents, by contrast, show a combination 
of dilatant and uniformly dispersed grain flows (Takahashi, 1981). 
Visco-plastic deformation is rarely present because of the almost complete 
absence of clay-sized particles. Debris torrents are a regional phenomenon 
whose most distinctive attributes are the lack of fine-grained fraction, 
particularly clay, and the large organic debris content. They are 
appropriately identified as a variety of channelized debris flow but not all 
channelized debris flows are debris torrents (Fig. 1). 

As can be seen from Fig. 1, one is dealing with a debris 
flow-stream flow continuum. Terms commonly used to describe varieties 
of debris flow and fluvial debris transport, whether the flow is channelized 
or occurring on open slopes, what the dominant rheology is and an index 
of the texture of entrained material, are all incorporated into the 
classification. From a hydrologist's perspective, debris torrents occupy an 
interesting transitional niche between channelized coarse debris flows and 
debris floods. Hydrological insight into modelling such phenomena, 
understanding triggering mechanisms, and new instrumentation for 
monitoring their occurrence is urgently needed. 

In relating the terminology to that developed elsewhere, it is of 
interest to examine the classification of channelled torrents occurring in 
small basins of less than 100 km2 from the Austrian Alps (Aulitzky, 
1980). One immediate discrepancy is purely linguistic: as Eisbacher (1982) 
pointed out, Europeans use the term "torrent" (a translation of "wildbach" 
according to Eisbacher, Aulitzky's translator, and an obvious equivalent of 
the French "torrent" and Italian "torrente") to refer to a mountain stream 
as such, not to a debris discharge event on that stream as we understand 
it in the Pacific Northwest. To the English-speaking Swiss, Austrians, 
French and Italians, the use of "debris torrent" must sound as strange as 
if one used "200-year river" to refer to the 200-year flood. 

Aulitzky (1980) distinguishes between debris flow torrents, debris 
flood torrents, bedload torrents and flood creeks. The debris flow 
torrent is characterised by non-Newtonian viscous, gravitational flows with 
pulsating and blocking debris discharge reaching velocities up to 30 ms"1. 
Debris flood torrents are subject to viscous mass flows without pulsating 
and blocking debris flows. They have lower velocities and less 
transporting power than debris flow torrents. Bedload torrents have 
little fine-grained sediment so that gradient and depth of flowing water 
control tractive forces as in standard hydraulic situations. Flood creeks 
carry largely fine-grained sediment, and are of no direct relevance to the 
topic of debris torrents. 
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Environmental context 

Correct identification of sites subject to debris torrents is a major problem 
(Hungr et al, 1984). Four environmental criteria for the occurrence of 
debris torrents are: small drainage area; steep channels; high runoff intensity; 
and substantial debris available for mobilization. 

Small drainage area The optimum size range of basins supporting 
debris torrents is 0.1 to 10 km2 (Mizuyama, 1982). In the Howe Sound area 
of British Columbia, 0.4-7 km2 is the full size range of basins with historically 
recorded debris torrents and, with respect to drainage area, the torrents in 
1-2 km2 basins have transported the largest quantities of sediment (Van 
Dine, 1985). Drainage area is, of course, a surrogate variable that can 
encompass the following three variables (Slaymaker, 1987). 

Steep channels With respect to steepness, the mean gradient of debris 
torrent channels in Howe Sound, as measured from the point of initiation to 
the apex of the alluvial fan, is remarkably consistent at 26-27°. Russell 
(1972) described debris torrents in Howe Sound with channel slopes from 
18° to 31°. Torrent streams in the Coquihalla, Silverhope and Nicolum 
drainages have slopes ranging from 7 to 25 — but these are map 
measurements from the drainage divide to mouth. Debris torrent channels 
have three zones: the initiation zone (>25 ), the erosion/transport zone 
(10-25°) and a depositional zone (5-12°). 

High runoff intensity With respect to runoff intensity, antecedent 
precipitation to saturate the basin, followed by heavy rainfall and possibly 
snowmelt, capped by high intensity "cells" inside west coast cyclones are three 
commonly required features. Rapid rise of freezing level, followed by snow 
avalanching into steep gullies, is probably of local importance (Schaefer, 
1983). Meteorological factors preceding debris torrents appear relevant but 
magnitude-frequency analysis shows that they are usually not rare events 
(Schaefer, 1983; Innes, 1985). Church & Miles (1987) discuss the curious 
fact that 2-3 year frequency precipitation events have been associated with 
50-100 year debris torrent events. Caine's (1980) analysis does not seem 
helpful in the Pacific Northwest. 

Substantial debris available for mobilization With respect to debris 
availability, this depends on the character of creek bed and banks and 
adjacent valley walls. Type and distribution of bedrock and unconsolidated 
material, vegetation and land use play an important part. Thurber 
Consultants Ltd (1983) used an empirical classification of potential 
contributions of debris based on observable torrent track characteristics, 
vegetation and land use on adjacent slopes. Poor land use practices, 
especially logging road construction, are implicated as broad environmental 
influences on debris torrent incidence. In British Columbia, general logging 
has not been demonstrated to be a factor but in Oregon it has (Swanston & 
Swanson, 1976). It is speculated that the greater natural instability of the 
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glaciated British Columbia landscape is responsible for the difficulty in 
demonstrating land use effects (O'Loughlin, 1972). 

Triggering mechanisms 

Both internal and external triggering mechanisms are important. Of the 
external mechanisms, storm and/or snowmelt runoff, water release from 
subglacial or lake storage, log jam bursts, rockfall, debris or snow 
avalanches from upslope or seismic shaking may all be important. Of 
the internal mechanisms leading to spontaneous bed instability, progressive 
steepening of the debris front between successive surges seems the most 
important in coarse debris torrents. 

Takahashi (1978, 1981) and Van Dine (1985) have emphasized critical 
creek discharge and external mechanisms. Church & Desloges (1984), 
Church & Miles (1987) and Bovis & Dagg (1987) have emphasized the 
history of sediment accumulation in the channel and internal mechanisms. 
In particular, the development of debris jams, the time since the previous 
torrent and the history of that event are all influential in the timing of 
the next debris torrent event. 

Rheology 

Fluid behaviour in response to applied shear stress is a function of: (a) the 
relative proportion of sediment, water and air; (b) the grain size distribution 
of the sediment; and (c) the physical and chemical properties of the 
sediments (Johnson 1970; Enos, 1977; Iverson, 1985). Unfortunately, as has 
been noted above, debris flows and debris torrents in particular, exhibit more 
than one pattern of rheological deformation. No single rheological model is 
yet adequate to deal with debris torrents. The reasons are lucidly rehearsed 
by Hungr (1981). Takahashi (1981) has modelled debris flows as strictly 
fluvial and characterized the flow as uniformly dispersed grain flow; Johnson's 
(1970) classic discussion treats debris flows as primarily visco-plastic. Most 
recently Pierson & Costa (1987) have attempted to classify subaerial flows by 
plotting sediment concentrations (or water content) against grain size 
distribution. They thereby define: (a) normal streamflow; (b) 
hyperconcentrated stream flow; (c) slurry flow; and (d) granular flow. The 
problem is that plastic, colloidal materials have entirely different rheology 
from that of flows, and their dependence on water content and rate of 
shearing is different. A successful model should take account of at least 
the following: (a) fines content; (b) organic debris content; (c) water content; 
and (d) rate of shearing. 

Texture and morphology 

Deposits from debris torrents have been described as coarse, poorly 
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sorted, unstratified, unconsolidated deposits with well defined levees and 
terminal lobes (Costa & Jarret, 1981). "Layers of poorly sorted, loosely 
packed, coarse-grained angular boulders. Sand and silt loosely fills the 
voids between the boulders. These layers are intercalated with better 
sorted, rounded gravel and sand that have been interpreted as alluvial 
interbeds" (Van Dine, 1985). Little cohesive material is present in British 
Columbia's debris torrents, a high proportion is gravel and boulders, and 
wood and organic mulch is prominent. A frontal and lateral 
"macrostructure" consists of framework-supported boulders which are 
passively pushed forward by a slurry turbulent fluid or chaotic mass. The 
slurry is extruded through the macrostructure, effectively producing a two 
phase flow. In the zone of deposition, channelled flow stop on 
5-12 slopes (Takahashi & Yoshida, 1979). For more detailed descriptions 
of texture and morphology, Okuda et al, (1980) and Keefer & Johnson 
(1983), are recommended. 

CONCLUSION 

Van Dine (1985) produced a list of 35 Canadian Cordilleran debris 
torrents with cross references to a further 50 others. This is only a tiny 
fraction of the likely incidence of debris torrents which can be said to be 
a characteristic geomorphic process in Canada's Cordillera. As the first 
documented Canadian debris torrent appears to date from 1962 (Winder, 
1965) it is clear that there remains much to learn especially with respect 
to the hydrological controls on debris torrents. 
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