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Volcanic activity is the unique factor of water runoff and sediment yield formation and variability in
Kamchatka. Volcanic eruptions impact on hydrological regime of rivers. Within 5 T 10 years after the
catastrophic eruption of Mount St. Helens on the 18" of May 1980 increasing of peak discharges was
observed in autumn and winter due to decrease of lag-time and increase of channel efficiency (Major and
Mark, 2006). Among the sediment yields measured in mountain river basins, maximum values are in the
rivers under the influence of volcanic eruptions and they exceed 10° tikm?Zyr? (Korup, 2012). Volcanic
eruptions lead to extreme increasing of suspended sediment yield in rivers draining flanks of volcanoes.
Annual suspended sediment yield exceeded background level in 500 times after the catastrophic eruption of
Mount St. Helens in 1980. After 20 years the average annual suspended sediment yield were 100 time

rtrt ty kr 10? tkkm™) and remained 10" tikm™ (Major et al., 2000).

On certain conditions such as ice and snow melting on volcanic flanks, and heavy rainfalls, received
material start to move as mudflow of high power (lahars). As the rule, the volume of lahars formed in glacial
zone due to the ice and snow melting under the influence of pyroclastic flows, ashfalls, subglacial eruptions
and lava flows exceeds 10° m® (Zharinov and Demyanchuck, 2009). Lahars are also a great source of
sediments in rivers under the influence of volcanoes.

Volcanic eruptions are the constant source of friable volcanic material (such as ash, pyroclastic) and
bad erodible andesitic, andesitic-basaltic, and basaltic lava in river basins. As the result rivers with specific
water regime are formed in volcanic regions. They are characterized by periodical extinction of the runoff
and significant underflow.

Mountainous relief with high slopes and heights, significant amount of precipitation both during the
warm and cold seasons, distribution of vegetable cover and particular soils in volcanic areas create specific
conditions for sediment yield formation in river basins under the influence of volcanic eruptions. Repetitive
ashfalls are the constant sources of a huge amount of friable and highly erodible volcanic material in river
basins. Volcanic flanks are not protected from erosion due to the absence of vegetation. The influence of
volcanism on sediment yield formation is also connected with giant landslides and lahars. Compilation of all
these factors creates specific conditions for water runoff and sediment yield formation in river basins under
the influence of volcanic eruptions.

The main object of this study is estimation of volcanic activity influence on formation and fluctuations
of river runoff and sediment yield characteristics in various special and temporal scales in Kamchatka.

The study is based on monitoring data on water discharges and suspended sediment fluxes in
Kamchatka and field data of 2008712017 on rivers draining volcanic flanks.

Due to the quantitative assessment of factors controlling suspended sediment yield formation in the
Kamchatsky Krai the potential washout of suspended sediment particles reaches maximum in the Eastern
volcanic region. Its value is 1000 T 5000 t/km? per year in the territory surrounding volcanoes while the ratio
fm r tt ry ff ty S k,1996)) t m mm 0t
X 1%.Rt f fw 0t f rtransportation of all sediments and they redeposit by the way.

Both average annual suspended sediment concentration (SSC) and specific suspended sediment yield
(SSSY) reach maximum values in the territory of the Eastern volcanic region due to the relief characteristics,
lithology, precipitation distribution and features of soils and vegetation. The maximum SSC is next to active
volcanoes and reach concentration of 1 T 10 kg/m® and in some rivers SSC reach values to 200 kg/m* and
more. Such values of suspended sediment concentration are in dependence on high erodible rates of volcanic
soils, absence of vegetation next to active volcanoes and significant precipitation in the territory. SSC
decrease due to moving off the most active volcanoes. These regions are characterized by less SSC, though
SSC exceed values in the rest area of the Kamchatsky Krai herein (outside the Eastern volcanic region and
far from the most active volcanoes) and varies from 50 to 1000 g/m®.

The distribution of SSSY in the Kamchatsky Krai coincides with the distribution of SSC. Maximum
values are observed in rivers draining flanks of active volcanoes reaching 500 t/km?® and for some areas
reaching values of thousands and tens of thousands of ton per km?.

Regime of water runoff and suspended sediment yield in rivers in the Eastern volcanic region depends
on volcanic eruptions. The maximum water runoff and SSY in the Kamchatka River (Bolshie Sheki hole)
was formed after major eruptions of Bezymyanny volcano (1955 T 1956) and Shiveluch volcano (1964). The
maximum water runoff, SSC and suspended sediment flux in the Tolbachick River were measured after the
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large fissure eruption in the region of Plosky Tolbachick volcano (1975 T 1976).

Seasonal fluctuations of suspended sediments concentration in rivers are revealed in dependencies
between measured values of water discharges Q and suspended sediment concentrations C in the best way.
These dependencies are described by a number of various curves (Alexeevsky, 1998; Tananaev, 2012;
Williams, 1989).

There is no a great variety of C = f(@) curves in the territory of the Kamchatsky Krai. Determination

ft roty ry m t fr m r r t z t Km tk R rT
Bolshie Sheki hole, the Olga River, the Tatyana River, the Kronockaya River, the 1* Mutnaya River, etc.). In
t t f fot y frm, 0t rt f y tr . It t wt

nonsynchronous change of suspended sediment concentration in main course of the river and in its
tributaries, draining flanks of active volcanoes. Suspended sediment concentration in water is connected with
m t fwfrmtr tr 0t wtr tt tm r ft r r.

The suspended sediment yield is w tr t wt t yr r t M (]
characterized by features of water regime of rivers. About 80T95% of the total suspended sediment yield is
transported during spring or spring-summer flood by most rivers in the Kamchatsky Krai. In some rivers
only about 50% of SSY is connected with flood period in individual years. These rivers are characterized by
summer high water periods exceeding the volume of spring flood.

Approximately equal distribution of SSY between flood period and summer-autumn high water
periods characterizes rivers with tributaries draining the territories of active volcanism. The main part of
SSY by rivers on volcanic flanks is transported during flood and major high water periods, i.e. during
summer-autumn period (in the absence thereof extreme floods during volcanic eruptions in winter-spring
period when snow supply is maximum on volcanic flanks). Combination of maximum snow supply,
significant precipitation during warm season on volcanic flanks and high erodibility of friable volcanic
deposits are reasons for the maximum erosion during this period. SSC reaches values of about 1.076.0 kg/m®
forzrivers with catchment area of about 1000 km?, and 600 kg/m3 for rivers with catchment area less than 100
km®.

Volcanic eruptions during winter-spring period are abnormal reasons of water content and SSY
fluctuations within the year because snow supplies on volcanoes reach their maximum by that time. As the
result of intensive snow and ice melting water content increases significantly and extreme volumes of water
and sediments were transported in XX century (Kraevaya, 1969; Rotman, 1960; Vinogradov, 1985;
Vinogradov et al., 1985). In the sequel major eruptions lead to low water content in rivers due to destruction
of feedin r w k r.lto m wt r fSSY r tr t

Diurnal fluctuations of SSY characteristics are determined by weather conditions (air temperature,
influencing on snowmelt intensity, quantity and intensity of rainfall) and hydraulic conditions of stream and
channel interconnection. The study of SSY fluctuations in this time scale is based on field data on
Kamchatka rivers collected in 200812017.

The role of snowmelt and rainfall was studied in the upper stream of the Suhaya Elizovskaya River
(the south-west flank of Avachinsky volcano). Fluctuations of SSC and water discharges are synchronous
there due to high erodibility of friable volcanic deposits in river channel and high slopes (25760 & ).

Maximum of water discharge and SSC is observed in 12 p.m. T 6 p.m. Air temperature reaches its
maximum and intensity of snowmelt is maximal too by that time. The maximum of SSC slightly passes
ahead of the water discharge maximum within the twenty-four hours due to the consequence increasing and
reaching of maximum values by slopes, SSC, flow velocity, water discharge, and capacity of a stream during
the water rise. Characteristics change in opposite way during the ebb of water, and connection between SSC
and water is hysteresis.

This regularity can be disturbed with absence of in-channel sediments source in the case if
measurements are implemented close to the feeding source. Fluctuations of SSC and water discharge are
asynchronous in the Bilchenock Stream where observations were made very close to the glacier of the same
name feeding the stream. The intensity of sediment inflow from channel deposits is less than increasing of
water discharges there, and the process of dilution occurs leading to decrease of SSC.

The flow can absolutely end at night in small streams in the territories of active volcanism, and
extreme decrease of SSC is also observed then. The flow can be absent by the morning in the middle course
of untitled stream draining the north-west flank of Kliuchevskoy volcano due to the end of snow and ice melt
and filtration of water into friable volcanic deposits. Appearance of the flow during the daylight in the future
and its consequent increase is accompanied by respective increase of SSC due to the fast suspension of some
channel deposits.
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Variation of water discharges and SSC are often connected with channel processes. Branched channel of
rivers on volcanic flanks is characterized by very high level of temporal unsteadiness. Some sections in
these rivers are the most dynamic among all rivers. Relative changes of water discharges and SSC reach
several orders of values in comparison with unbranched channel.
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