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Conduits present a complex dynamical problem, because the properties of magma comprising
the contained magma column must vary dramatically from source to surface. Indeed, to maintain
an intact magma column with ascending flow requires a delicate balance of forces. Too fast an
ascent, and degassing cannot keep up with decompression. Fragmentation begins in the upper
portion of the column to produce an explosive eruption. Too slow an ascent, and degassing will
force sufficient crystallization for the magma to “lock up” and freeze in place.

Dense (bubble-poor) magma cannot rise buoyantly at shallow depth. Even though such magma
is less dense than its solid rock equivalent, in reality the density relation is reversed because of the
high void fraction within the volcanic edifice. Such magma must be pushed by the buoyancy of the
magma behind it and/or overpressure in the source chamber. But it is too simplistic to calculate
the source depth by asking how long must the conduit be to balance the pressure of the adjacent
crustal column. The major additional variable, indeed probably the most important one in the
case of volcanoes like Klyuchevskoy where melt density is high and the edifice tall, is bubble content.
Magma rises not only because of overpressure in the source chamber and buoyancy due to low
melt density but also because of buoyancy due to vesiculation within the magma column. This is
analogous to “air lift” in a water well, where air is injected at depth in the water column, or to the
pumping action of a coffee percolator. The magma flow is self-sustaining because gas evolving
from the magma itself.

Sector-collapse eruption episodes, as exemplified by Bezymianny and Mount St Helens
volcanoes, comprise a dynamically unusual situation in which a magma conduit is shortened by
~10°min a time span of seconds and then partially restored over a period of tens of years. Eruptive
behavior during these episodes provides an opportunity to investigate aspects of magma flow in the
conduit.

Catastrophic removal of the edifice produces orders of magnitude faster rates of magma
decompression than are possible through magma ascent. Instead of moving magma to the surface,
the surface is moved to magma. Without such exceptional rates of decompression, a cryptodome
that is already substantially degassed during intrusion would likely not explode.

Once the collapse and blast events have occurred, the dynamics of the system are fundamentally
changed. Magma in the conduit and source reservoir respond with explosive eruption of exceptional
size because of the ~20 - 30 MPa pressure drop within the conduit. Eventually, some of the new
overpressure in the magma chamber is relieved and the resulting slower ascent rate leads to transition
to effusive volcanism. Still, magma flux is high, and so a dome grows that becomes much larger in
size than is normal for the volcano.

The growth of a dome within the confines of a sector collapse crater creates another unique
situation, in which the height of the magma column is rapidly extended. One can imagine that the
underlying magma system is a pump, capable of delivering a certain pressure at the level of the
crater floor. If the pump is unchanged by collapse and eruption events, then it can continue to
deliver about 20 - 30 MPa pressure at crater floor level, which will be compensated by about a 103
m growth in the magma column above that floor. It may not be unreasonable to think of these
volcanoes as “trying” to restore their former grandeur, at a growth rate that is initially much higher

17



: -
id &
€ Y o - ‘- r # i o

Fig. 1: The Nautilus of Bezymianny (Kirsanov, 1967) and Whaleback of Mount St Helens
(Eichelberger, 2005).

than normal edifice growth. The period of high magma flux may be prolonged by partial collapse
of the dome as has occurred repeatedly at Bezymianny, or by opening of a new lower elevation
vent beside a previous dome as occurred at Mount St Helens in 2004.

A remarkable phenomenon at both volcanoes is the steady-state extrusion of solidified plugs
enveloped in fault gouge, independently named “Nautilus” at Bezymianny (1966) and
“Whaleback” (2004-present) at Mount St Helens. These appear to be end-member cases where
downward velocity of a crystallization front due to water loss equals upward velocity of flow, with
the solid uppermost column pushed by buoyant magma below it and lubricated with fault gouge.
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MarmaTtuyeckre KaHaibl PEACTaBIISIIOT CO00U CIIOKHYIO IMHAMAYHYIO CUCTEMY,
TaK KaK B IIPOIECCE TTOABEMA OT UCTOYHMKA K TMMOBEPXHOCTU CBOMCTBA MAarMbl pe3KO
U3MEHSIOTCA. [Ipu CanIIKOM OBICTPOM MOABEME MarMbl MO KaHATY €€ Jera3alus He
YCIIEBAET 32 UBMECHEHUEM JaBJIcHUS. B BEpXHE 4acTU KOJOHHBI MarMbl HAUMHAETCS
(bparmeHTaMsg MaTepraia U TPOMCXOIUT SKCIUIO3UBHOE M3BepxxeHue. [1pu ciauikom
MEIJIEHHOM MOABEME MAarMbl, A€ra3alys BBHI3BIBAET PACKPUCTALIM3ALAI0 MarMaTH-
YECKOTO BELIECTBA, €l1e 00JIee 3aMeJISIOLLYIO €€ IBUXEHUE.

Dnu3onabl, CBI3aHHbIE C OOPYyIIEHUEM CEKTOPOB MOCTPOEK BYJIKAHOB MPU U3-
BEePKEHUSX, KaK Hanmpumep, Ha ByJkaHax be3biMsHHbIN 1 CeHT-XeaeHC, BKIYaloT
JUHAMUKy HEOOBIYHBIX CUTYaIMii, TPU KOTOPBIX B TEUEHUE HECKOJIBKUX CEKYH/I JUTMHA
MarmMaTu4ecKoil KOJOHHBI cokpalaeTcs Ha ~10° M, 3aTeM 4aCTMYHO BOCCTaHa-
BJINBAETCS B TEUEHUE AECATKOB JIeT. DPYNTHBHOE MOBEICHNE ByJIKaHa BO BPEMST TAKUX
3MU30[0B JAET BO3MOXXHOCTb MCCIEA0BATh aCITEKThl MarMaTuueCKMX MOTOKOB B KaHAJIE.

Karactpodurueckoe ymajaeHue 4acTU MOCTPOMKYU ByJIKaHa MPUBOIUT K 3HAUM-
TeJbHO OoJiee OBICTPOI JEKOMIIPECCUU MarMbl 1O CPaBHEHUIO ¢ BO3MOXKHOM TpH
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00bIYHOM ee moabeMe. BMecTo Toro, 4ToObl mepemelaTb MarMy K MOBEPXHOCTH,
MOBEPXHOCTh MepeMelaeTcsl B MarMy. bes Takux 3HaUMMBIX BEJIMYMH JEKOMIIPECCUMU,
BEPOSAATHO, KPUMNITOKYMOJ HE B30pBaJICI ObI, TEM 00JI€€ UTO OH OBIT yX€ CYIIECTBEHHO
Jlera3upoBaH B TeYeHUE BPEMEHM BHEIPEHMS B MMOCTPOMKY ByJKaHa.

Kaxk ToibKo mpou30ouuin cOOBITUS OOpYIIEHUSI M B3PhIBa ITOCTPOMKM BYJIKaHa,
IMHAMMKA MarMaTUYeCKOM CUCTEMBI CYIIIECTBEHHO U3MeHsIeTCs. [1ameHne naBneHus B
MarmaTtniaeckoM KaHaje Ha ~20 - 30 MIla npuBoauT K 3KCIUIO3MBHOMY U3BEPKEHUIO
HMCKJIIOUMTENBLHOTO pa3Mepa. Bo3aMoXXHO, HEKOTOpOe HOBOE M3OBITOYHOE JaBJICHUE B
MarMaTU4ecKOl KaMepe CHIDKAeTCsI, 3aMelJIeHNe IToabeMa MarMbl K ITOBEPXHOCTH
MIPUBOINT, B pe3ynbTare, K Iepexony K 3¢ dy3uBHOMY BylaKaHU3My. OIHAKO, IIOTOK
Marmbl BEICOK, M B OKCIIO3UBHOM KpaTepe pacTeT JIABOBBIN KYIIOJI, KOTOPBIl CTaHO-
BUTCSI HAMHOTO OOJBIIMM II0 pa3Mepy, 4eM, eciau Obl TaKOI KyITOJl pOC Ha BYJIKaHE
IIPY HOPMAJIbHBIX YCIOBUSIX.

3ameuarenbHOE sIBJIeHUE ObLIO 0OHAPYKEeHO HAa 000MX BYJIKAHAX — BbIIABIMBAHKE
Ha TTOBEPXHOCTh AKCTPY3MHi, 3aTBepAeBaHNEe KOTOPHIX ITPOU3OIILIO yKe B MarMaTuyec-
KOM KaHaJjie, He3aBUCMMO Ha3BaHHBIX «HayTuiyc» Ha ByikaHe besbimsiHHbIN (1967) 1
«Cnnna kuta» (2004 — Hactosiiiee Bpems) Ha ByjakaHe CeHT-XeneHc (puc. 1). OHu,
BO3MOXHO, TTOSIBUJIMCH Ha TTOBEPXHOCTH 3eMJIU, KOTIa CHUKEHHAS B CBSI3U C TIOTepei
BOJIBI CKOPOCTH (DpOHTA KPUCTAJUTU3ALIMKY MarMbl paBHSUIACh CKOPOCTH ITOAbEMa IOTOKA
Marmbl, 3aKpUCTAJUTM30BAaHHOTO B BEPXHEI YacTH.
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