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ABSTRACT 
Numerous debris-flow events occurred along the Wasatch Front near Salt 

Lake City, Utah, during the springs of 1983 and 1984. These flows were 
distinctly different from the previous damaging flows of 1923 and 1930 
which were related to cloudburst thunderstorms. The 1983 and 1984 flows 
were related to the rapid melting of an above average snow pack. These 
flows originated as localized failures ofcolluvial sediment on the upper slopes 
of the Wasatch Front which had developed on a Precambrian metamorphic 
bedrock. Following the debris-flow event, "normally dry streams" continued 
to flow well into the autumn. These sustained flows suggest drainage of a 
ground-water reservoir, "tapped" by the slope failure and scour of the chan
nel. The supply of ground water contained within the colluvium could not 
sustain the observed stream flow at the canyon mouth. Therefore, we believe 
that a bedrock reservoir provided the source of water for sustained stream 
discharges. Field observations and mapping indicate that the metamorphic 
bedrock has been highly fractured. Erosion control and range management 
practices following the 1930 debris-flow events combined with a gradual 
recovery of the Salt Lake area moisture balance effectively recharged this 
bedrock aquifer. Excess recharge during the rapid spring melt overcharged 
the bedrock aquifer, increased the pore-water pressure in the colluvium at 
locations of bedrock springs and seeps, and led to localized slope failures 
which mobilized the down canyon colluvium into debris flows. Drainage of 
the bedrock aquifer, at exposed springs and seeps, maintains the sustained 
stream discharge seen at the canyon mouths. 

INTRODUCTION	 (Figure 1), having been recorded since settlement of 
the area in 1847 (Paul and Baker, 1923; Crawford Debris-flow hazards have long been recognized at 
and Thackwell, 1931; Woolley, 1946; Butler and the canyon mouths along the Wasatch Front ofUtah 
Marsell, 1972; and Marsell, 1972). The most recent 
episode of debris-flow events occurred during the 

Present address: Sergent, Hauskins and Beckwith, 4030 S. spring snowmelts of 1983 and 1984. Prior to the 
500 West, Suite 90, Salt Lake City, UT 84123. 

1983-84 debris-flow events, cloudburst debris flows
2 Present address: Dames and Moore, 221 Main Street, Suite 

600, San Francisco, CA 94105-1917. caused substantial damage in 1923 and 1930. AI
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Figure I. Location of Davis County, Utah. Damaging debris 
flows have occurred along the Wasatch Front in Davis County 
throughout the history ofsettlement in the area. The "East Layton 
Debris Flow" occurred east of the town of Layton. 

though debris floods, which are torrential flows of 
water carrying somewhat less sediment than debris 
flows, are nearly annual occurrences in Utah, they 
are associated with violent summer thunderstorms 
and not with snowmelt (Costa, 1984; Pierson and 
Costa, 1987; Woolley, 1946; and Butler and Marsell, 
1972). Snowmelt floods did occur in 1922 and 1952; 
however, accompanying debris flows were not re
ported (Paul and Baker, 1923; Marsell, 1972). 

An extensive range management and debris basin 
program under the WPA (Work Projects Admin
istration) was implemented following the 1923 and 
1930 damaging debris flows. Many ofthe WPA ero
sion control structures are still visible today. Butler 
and Marsell (1972) noted that the 1923 and 1930 
debris flows are viewed by many as purely geologic 
processes, while others blamed human mismanage
ment ofwatershed areas as the cause. Keaton (1988) 
provides an excellent summery of eye witness ac
counts of the 1923 and 1930 debris-flow events in 
Davis County, Utah. 

CONDITIONS FAVORING DEBRIS FLOWS 

Geologic evidence ofpast debris-flow events along 
the Wasatch Front is abundant. Nearly all canyon 
mouths are occupied by debris fans, which contain 
boulders with diameters exceeding 1 m. Subsurface 
data from drillers' logs also indicate large boulders 
in fine-grained matrices to depths greater than 150 
m (Butler and Marsell, 1972). Crawford and Thack
well (1931) reported on prehistoric debris-flow de
posits exposed in the fan of Ricks Creek. Keaton 
(1988)mapped sediments from five prehistoric, post
Lake Bonneville debris-flow events and five historic 
debris-flow events on the Ricks Creek fan. 

The debris flows of 1983 and 1984 were totally 
unlike the cloudburst debris flows previously de
scribed in Utah by Paul and Baker (1923), Crawford 
and Thackwell (1931), Cannon (1931), Woolley 
(1946), Butler and Marsell (1972), and Marsell 
(1972). The recent debris flows, according to An
derson and others (1984), resulted from a rapid melt 
of the above-average snow pack, which also con
tributed to flooding. Marsell (1972) listed seven con
ditions which contributed to snowmelt floods in 
1952; four ofthese are pertinent to snowmelt debris 
flows: 
1) a thick winter snow pack, 
2) saturated soil mantle at the start of winter due 

to late-autumn rains, 
3) abnormally low temperatures during early spring, 

which retained the deep snow cover, and 
4) sustained high temperatures once melting start

ed. 
These conditions were repeated during the 1983 and 
1984 seasons (Wieczorek et aI., 1989). 

Costa (1984) noted that small, steep drainage ba
sins have a significant potential to transport eroded 
soil and rock debris because smaller basins usually 
exist at high elevations where snow packs accu
mulate and can melt rapidly, and because they have 
steep slopes resulting in greater instability of surfi
cial materials. Intense snowmelt saturates perme
able surficial deposits, increasing pore-water pres
sure and the likelihood ofslope failures (Costa, 1984). 
Costa also observed that most debris flows begin as 
slope failures originating at the heads ofswales (small 
first-order drainages). Most ofthese initial slope fail
ures consist of slabs or blocks of surficial soils. 

Wilson and Dietrich (1987) carried out detailed 
field investigations and ground-water monitoring of 
a 16,000 m2 grassland basin in Mt. Tamalpais State 
Park in Marin County, California. The colluvium 
in the basin is underlain by a sedimentary bedrock. 
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Figure 2. Schematic cross section through the colluvium on a sedimentary bedrock. Campbell (1975) suggests that debris flows are 
initiated when the rate of precipitation exceeds the rate of colluvium drainage into the sedimentary bedrock and excess pore pressures 
develop within the colluvium. 

They reported that a low-permeability block ofbed
rock forces a topographically driven ground-water 
system into the overlying colluvium and that a more 
permeable bedrock block further downslope allows 
the ground water to drain from the colluvium. 
Drainage along the hollow at their site prevents the 
development of excess pore-water pressures and a 
resulting failure ofthe slope. They suggest, however, 
that on steeper slopes upwelling ground water may 
provide sufficient pore-water pressures to cause slope 
failures. 

Campbell (1975) documented soil slips and debris 
flows in the Santa Monica Mountains of Southern 
California that occurred in response to exceptionally 
heavy rainstorms from 18 to 26 January 1969. 
Campbell proposed a model for the initiating mech
anism ofthe soil slips. With sufficient quantities of 
water, these soil slips would mobilize into debris 
flows. The model (Figure 2) was developed for geo
logic conditions consisting of: 

1) colluvial soils,
 
2) sedimentary bedrock,
 
3) shallow-rooted vegetation, and
 
4) a deep, permanent water table.
 

Pore-water pressure in the soil increases when the
 
rate of deep percolation is slower than the rate of
 
infiltration from precipitation or melting snow.
 
Campbell (1975) found that a threshold seasonal
 
rainfall amount must first be met, then certain rain

fall intensities will cause surface infiltration to ex

ceed deep percolation, leading to slope failure.
 
Campbell's model has been tested widely and ap

pears to explain most of the landslide/debris-flow
 
features, including many of those observed in Utah
 
(Anderson et al., 1984).
 

DEBRIS-FLOW HYDRAULICS 

One significant characteristic of certain Utah de
bris flows has been observed which cannot be ex
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Figure 3. Ground-water discharge spurting under pressure great enough to resemble flow from a hose (arrow). This site, in Rudd 
Canyon, Utah, is situated on a metamorphic bedrock unit. Photo by M. Kim McCarter. 

plained by Campbell's model. This characteristic is 
sustained, post-debris-flow stream discharge at can
yon mouths. The debris-flow source areas, from 
which sustained ground-water flows have been ob
served, appear to be restricted to terrain underlain 
by metamorphic rocks (gneiss and schist) ofthe Pre
cambrian Farmington Canyon Complex (Wieczorek 
et al., 1983). 

Discussions with Bruce N. Kaliser, then Chief of 
the Hazards Section, Utah Geological and Mineral 

Survey, and M. Kim McCarter, Professor, Depart
ment of Mining Engineering, University of Utah in 
1984, revealed that a number of the 1983 and 1984 
debris flows occurred in typically "dry" valleys and 
that, following the failures, significant flows ofwater 
could be seen issuing from the source scars (Figure 
3). Some ground-water discharges from debris-flow 
scar springs were under such pressure that the dis
charge was described "as if it were coming from a 
hose." These discussions revealed that, following 
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Figure 4. Schematic cross section through the colluvium on a metamorphic bedrock. Elevated hydrostatic pressure within the fracture, 
due to excess recharge to the bedrock aquifer, increases fracture drainage and leads to elevated pore-water pressures and saturation of 
the colluvium. Given a critical slope angle the colluvium fails and initiates the debris flow. Drainage of the fractured, bedrock aquifer 
through the exposed fracture forms a spring and maintains canyon-mouth stream discharge. 

debris flows, renewed stream flow in previously dry 
streams was not uncommon for that part of the 
Wasatch Front underlain by metamorphic rocks. 

Bedrock was commonly exposed in the debris 
source scars and along the scoured debris-flow chan
nel. Ground-water flow from seeps and springs in 
the exposed bedrock supplied the water to maintain 
stream discharge in 1989. In many cases these 
streams were observed to flow for extended periods 
of time following the debris-flow event, often into 
the autumn, long after the snow pack had melted. 
Stream discharges were also significantly greater than 
those prior to the debris-flow events. 

It is hypothesized that these debris flows were 
initiated by a buildup ofpore-water pressures within 
the colluvium. The source of this water is believed 
to be from ground-water drainage from fractures 
within the metamorphic bedrock (Figure 4). This 
mechanism is similar to that proposed by Wilson 
and Dietrich (1987) where the hydrogeologic system 
in the bedrock is heterogeneous. It is further pro
posed that the sustained stream discharge represents 
the drainage of a bedrock aquifer system. 

THE EAST LAYTON DEBRIS FLOW 

During a field study of debris-flow sites north of 
Salt Lake City, the authors had an opportunity to 
discuss the history of events of a debris flow with 

the owner ofa damaged house at the mouth ofLight
ning Canyon, a small (0.55 km2) canyon east ofLay
ton, Utah (Figure 1). The homeowner, who had oc
cupied the house for the previous 28 years, reported 
that the debris flow occurred at about 6:20 AM on 
14 May 1984, as a series of three waves, each car
rying progressively finer-grained materials and be
coming wetter, followed by significant flows ofclear 
water. He described the sequence of events of the 
"East Layton Debris Flow" as: 

1)	 an initial wave which came down the valley as 
a massive, rolling wall ofdebris containing boul
ders in a mud matrix; 

2)	 a second wave containing gravels mixed with 
clay and silt that was wetter than the first and 
progressed farther down the fan; 

3)	 a third flow dominantly composed of muddy 
water that extended about 100 m farther down 
the fan; followed by 

4)	 muddy water that cleared up and continued to 
flow. 

The homeowner reported that the stream (Figure 
5) typically flowed only after rainstorms and then 
rapidly "dried up"; however, following the 1984 
debris-flow event, stream discharge continued well 
into the month of October. The homeowner also 
stated that the source area for the initial slope failure 
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Figure 5. Stream flowing (A) through the debris fan and (8) in the channel about 200 m upstream in Lightning Canyon near East 
Layton, Utah, on 13 June 1984. This stream typically flowed only after a rainstorm event and rapidly dried up until the 14 May 1984 
debris-flow event. 

was nearly always wet and marshy and locally known East Layton was above 2,100 m in mid-May 1984. 
as "Muddy Spring." The source scar of the East Layton Debris Flow was 

Olson (1985) reported that the lower limit of the about 200 m below the snow line at the time of 
snow pack on the Wasatch Range in the vicinity of failure. Temperatures during this period were above 
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Figure 6. Aerial photograph of the East Layton Debris-Flow scar and channel. Note the small size of the debris-flow scar and the 
narrow cleared area where the flow moved down the valley. 

freezing; a low of 19°C was recorded for the night of a mountain spur. A significant amount of water 
of 13 May in Ogden, Utah and the predicted high was seen flowing from springs located from near the 
for 14 May was 32°C (Baker, 1984). Rapid melting base of the source scar to well down the channel. 
ofthe snow pack under these warm conditions would Field surveys determined that the volume of ma
provide the necessary water to initiate the slope fail terial removed from the debris-flow scar was only 
ure. 240 m3, while the total amount of debris mobilized 

A low-altitude aerial reconnaissance (Figure 6) of in the East Layton Debris Flow was more than 12,500 
the debris flow revealed that the source was very m3 (Santi and Mathewson, 1988). Santi (1988, 1989) 
limited in areal extent and located at the outer edge concluded that the initial failure was a rotational 
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slump on a 300 slope caused by elevated pore-water 
pressures within the colluvium. It is suggested that 
the water was derived from a bedrock aquifer be
cause the site was known to be wet and marshy prior 
to the debris-flow event. 

Santi (1988, 1989) also evaluated the kinematics 
of debris-flow transport and mobilization of collu
vium down the canyon. He concluded that mobi
lization of the colluvium was related to loading, by 
debris from above, combined with saturated and 
undrained conditions along the canyon. Loading 
caused an abrupt increase in pore-water pressure 
that resulted in the loss of stability of the colluvium 
and incorporation into the debris-flow mass. 

For sustained canyon-mouth stream discharge to 
occur following the East Layton Debris Flow, a 
ground-water reservoir must exist in the drainage 
basin. In the case ofthis debris flow, sustained stream 
discharge continued for approximately 5 months 
after the initial debris-flow event, from mid-May to 
mid-October 1984. Stream discharge during 1985 
and 1986 continued from the start of snow-pack 
melt to late-July/early-August. By 1987 the stream 
discharge ceased in the spring, indicating that the 
reservoir had drained or was not recharged during 
the previous winter. 

Based on the authors' observations and com
ments from local residents, the long-term average 
stream discharge following the debris-flow event was 
estimated to be 0.03 m3/sec. This yields over 388,000 
m3 of water discharged at the canyon mouth during 
1984. The approximate area of the drainage basin 
for the stream at East Layton is less than 600,000 
m2• An average thickness of the colluvium of 2 m 
yields a total volume of the colluvium in the basin 
of 1.2 million m3• Assuming a porosity of30 percent 
for the silty gravel material, a total volume of360,000 
m3 of water would have been stored in the collu
vium. Assuming that 30 percent ofthis stored water 
can be supplied to the stream system and 70 percent 
is held in the clayey-silt matrix, the total volume of 
water released is only 108,000 m3

• These estimates 
indicate that the entire volume ofstored water with
in the colluvium is approximately equal to the total 
flow at the canyon mouth for 1984. Stream dis
charges the following years, which had more normal 
moisture conditions, continued to exceed flows that 
were reported by local residents prior to the 1984 
debris-flow event. 

The discharge from Lightning Canyon suggests 
that the ground water stored within the colluvium 
was insufficient to supply the entire sustained flow. 

Therefore, an additional ground-water reservoir 
must also exist. It is suggested that this reservoir 
lies within the fracture system of the Farmington 
Canyon Complex. 

Ala (1989) shows, from field mapping, a dense 
network of fractures within the metamorphic bed
rock of the Wasatch Front. Regional lineaments, 
seen in aerial photographs, are oriented N-S and 
NW-SE, and are probably associated with the Was
atch fault. These lineaments are cut by a complex 
series oflow angle fractures, which when combined 
with the lineaments produces an isotropic fractured
bedrock aquifer system. 

Field observations ofthe East Layton Debris Flow 
suggest that debris flows followed by sustained 
stream discharges in the Wasatch Front can be char
acterized as follows: 

1)	 The debris flows are typically developed on ter
rain underlain by metamorphic rock units. 

2)	 The flows are often initiated within or near swales, 
springs or drainage features on the upper slope 
and can occur very close to a ridge. 

3)	 The debris-flow source areas are generally small 
and appear to be sites where excess pore water 
pressures induced failure of the colluvium. 

4)	 Springs located within the sites are exposed in 
the failure scar and along the scoured channel. 

5)	 The springs exposed in the debris-flow scars sup
ply sufficient water to sustain flowing streams 
that did not exist before the debris flows oc
curred. 

6)	 Sustained stream flows at the canyon mouths are 
commonly observed for years after the debris
flow event. 

7)	 Removal ofthe confining colluvial cover through 
debris-flow processes exposes bedrock fractures 
and allows the bedrock reservoir to drain. 

BEDROCK AQUIFER SYSTEM 

Field and historical evidence indicates that springs 
exist in many ofthe canyons and on the upper flanks 
of the mountain. Farmington City developed a 
number of springs near the head of Rudd Creek in 
Rudd Canyon for a municipal water supply. These 
springs were abandoned when they could no longer 
supply the needs of Farmington and when an aq
ueduct was constructed. Olson (1985) reported that 
a number of"blind" springs or wet areas are known 
throughout the region. He also stated that the bed
rock ground-water system is generally unknown. 

Recent field studies of the mountain springs in
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dicate that pegmatite dikes in the Farmington Can
yon Complex tend to control the locations of some 
springs. Ala (1989) suggests that these dikes and 
other bedrock features form permeability hetero
genities within the bedrock that establish the sites 
of springs. 

Further evidence supporting the presence of a 
bedrock ground-water system is seen in the vege
tative response to the 1983 and 1984 debris-flow 
events. Numerous aspen groves had developed on 
the WPA contour trenched slopes, and "wet land" 
vegetation had grown around mountain springs by 
1980. It is suggested that drainage from a fractured 
bedrock aquifer maintained a shallow ground-water 
table in the colluvium, and that inefficient ground
water drainage through fractures in the bedrock 
maintained the water levels within the bedrock 
aquifer. By the late-1980's the high-water demand 
vegetative cover was seen to have died back. These 
vegetative changes indicate that a shallow ground
water supply within the colluvium decreased as the 
mountain block drained following the 1983 and 1984 
debris flows (Coleman, 1989). 

The climatic conditions necessary to establish a 
charged bedrock aquifer require a gradual buildup 
of water. The temporal association of debris flows 
with rapidly melting snow indicates that the rapid 
supply of meltwater contributed to elevating al
ready high pore-water pressures within the collu
vium to values above the threshold required for 
failure. . 

Precipitation within the Wasatch Front region over 
the period 1982-84 supplied significant quantities 

of water to the mountain watersheds. Cumulative 
departure from mean precipitation for the Salt Lake 
City area (Figure 7) shows that a positive departure 
persisted prior to 1890, while a negative departure 
existed until 1984. The water years 1981-82, 1982
83, and 1983-84 were the first, fifth, and second 
wettest periods in the 137-year history of Salt Lake 
City. 

The moisture budget in the Salt Lake City area 
began to recover in the early 1960's. It is suggested 
that this moisture recovery, combined with the WPA 
erosion control measure and improved range man
agement, allowed the bedrock ground-water system 
to recharge. It is further suggested that the excess 
moisture, supplied during 1981-84, led to over
charging ofthe bedrock aquifer, elevated pore-water 
pressures within the colluvium and slope failures 
which mobilized into debris flows. 

DEBRIS-FLOW MECHANISMS 

It is suggested that debris flows along the Wasatch 
Front were initiated by two distinctly different hy
drogeologic mechanisms. In one case, the rate of 
surface infiltration exceeds the rate ofinternal drain
age ofthe colluvium into an internally drained bed
rock, allowing a buildup ofpore pressures and slope 
failure, as proposed by Campbell (1975). Because 
the mechanism to elevate pore pressures relies on 
shallow infiltration of water from precipitation or 
snowmelt exceeding the rate of internal drainage 
into the bedrock, the ground-water reservoir is con
fined to the colluvium or deep within the bedrock. 
Following failure, excess ground water contained 
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within the colluvium quickly drains into the stream 
or underlying bedrock and stream discharge ceases. 

In the other case, the bedrock is a fractured crys
talline rock, as on the metamorphic units of the 
Wasatch Front, or any impermeable bedrock that 
is not internally drained. Infiltration of rainfall and 
snowmelt recharges a confined, fractured bedrock 
ground-water system which is discharging into the 
overlying colluvium, thereby preventing internal 
drainage. Sustained recharge, as was the case in 1983 
and 1984, leads to increased pore pressures within 
the colluvium at buried discharge points within the 
bedrock. Given sufficient pressures and slope angles, 
the colluvium eventually fails and exposes fractures 
in the debris-flow scar and channel. These exposed 
fractures become springs that supply the observed 
stream discharge seen after the debris-flow event. 

A hypothesized mechanism for the initiation and 
sequence of events of debris flows, which produce 
sustained canyon-mouth stream discharge from a 
bedrock ground-water reservoir, is outlined below: 

I)	 Tectonic processes produce a complex series of 
interconnected fractures in an otherwise massive 
impermeable bedrock. 

2)	 Colluvial soils form on the bedrock units and 
cover the fractures. 

3)	 Precipitation recharges the fractures in the bed
rock, and a shallow ground-water system is es
tablished and maintained in the colluvium 
through ground-water seepage from the bedrock. 

4)	 Excess recharge of a fully charged bedrock aqui
fer allows the pore-water pressures to build until 
the colluvium fails, as a "burst" or "blowout," 
and mobilizes into a debris flow. This failure 
mechanism is in agreement with that proposed 
by Eisenlohr (1952), Hack and Goodlett (1960) 
and suggested by Wilson and Dietrich (1987). 

5)	 Rapid depressurization and drainage of the frac
tures may induce erosion of the fracture filling 
contributing to an increase in the permeability 
of the fractures in the bedrock. 

6)	 Fracture-dominated, ground-water systems con
tinue to drain and supply water for sustained 
stream discharge at the canyon mouth until the 
reservoir has drained. 
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