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Eighteen years after the previous dome-forming eruption ended in 1986, and with little
warning, Mount St. Helens (MSH) began to erupt again in October, 2004. During the ensuing
year and a half, the volcano extruded >70 million cubic meters of uniform, gas-poor and crystal-
rich, 65% SiO, dacite lava. The 2004-2006 dacite is among the most SiO,-rich and incompatible-
element-depleted magmas erupted at MSH during the past 500 years. The magma is cooler and
came from shallower depths than during the 1980’s (850°C vs. 880-920°C, and 4 to 5 km vs. 7 to 8
km depth). The 2004-2006 magma is solidifying 0.5 to 2 km below the vent, producing fault-
gouge-mantled spines and only minor explosive activity. Good weather during the winter of 2004-
2005 and the unusual spine-dominated mode of eruption combined to provide remarkable insights
into the volcano’s conduit system. Field data reveal a vent with an east-west dimension of 100-200
meters at the surface and suggest that the conduit was deflected at shallow levels by the root of the
1980’s dome. Considered in the context of conduit models from the 1980’s, the erupted volume
requires tapping of the seismically-imaged 5 to >12 km deep magma reservoir, an inference
consistent with deformation data (Dzurisin and others, 2005), but one that poses fundamental
questions about what triggered the eruption.

Two hypotheses for triggering are considered: 1) top-down fracturing of a reservoir-conduit
system, which was pressurized by second boiling during crystallization, 2) an increase in
pressurization due to recent magmatic replenishment. The character and petrology of the eruption
provide some constraints on possible triggering mechanisms. A ubiquitous mantle of slickenside-
bearing fault-gouge on dome spines and a continuous record of repetitive shallow volcanic
earthquakes suggest continuous solid-state extrusion by repeated stick-slip episodes. Modeling of
these episodes indicates that difference in magma pressure during periods of stick and slip are very
small (<0.2 m static magma pressure head), leading to the suggestion that the volcano may have
been perched on the brink of eruption and that downward migration of groundwater and fracturing
from above triggered the eruption (Iverson and others, in prep.).

Alternatively, introduction of new magma from the deep crust or mantle may have increased
pressure in the deeper reservoir and triggered the eruption (Pallister and others, 2005). The 2004-
2006 dacite has trace-element abundances that are distinct from those of the past 500 years,
suggesting either addition of new magma or tapping of a region of the reservoir that was not
previously erupted. To date, only extremely rare quenched mafic inclusions have been found, and
low levels of SO, and CO, emissions indicate little (if any) involvement of new magma (Gerlach et
al., 2005). These factors, the crystal-rich character of the dacite, and comparison of erupted and
modeled reservoir volumes suggest that only the uppermost fraction (<1%) of the reservoir has
been tapped by the current eruption - a part of the reservoir that was either bypassed by, or developed
subsequent to, the eruptions of the 1980’s.
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MATMATUYECKAS CUCTEMA 1 CITYCKOBOI MEXAHU3M
MN3BEPXEHUSA BYJIKAHA CEHT-XEJIEHC — IIOHUMAHUE
HA IPUMEPE ITPONCXOIAIIETIO U3BEP2KEHUA

JI>xon ITanmmcrep

Byakanonoeuueckas oocepeamopus Kackaounwix eop, I'eonoeuueckas cayucoa CIIA

BoceMHanmaTe JieT crycTs Imocje KyIojoo0pa3yoliero n3Bep:keHus, KOTopoe
3aKOHYWIOCH B 1986 T., BynkaH CeHT- XeJleHC BO30OHOBWII 9PYNITUBHYIO IeSITCIbHOCTh
B okTa6pe 2004 r. 3a mocheaylolye noaTopa roga 6su10 u3Bepruyro 6onee 70-10° m3
OIHOPOJTHOM TIOPUCTOM, pPACKPUCTAIN30BaHHOM JallMTOBOIA JIaBbI ¢ cofepxkaHueM SiO,
= 65%. dauutsr 2004-2006 TT. ABASIOTCS HanboJiee KMUCIBIMA U3 BCEX, M3BEPTHYTHIX
ByiKaHoM 3a nociennue 500 net. Marmbl usBepxenust 2004-2006 r. moctymaiu ¢
MEHBIIUX TyOouH, yeM B 1980-x rr.

PaccMoTpeHbI Be TUIIOTE3bI IPUYMH BBI3LIBAIOIIX U3BEPKeHME ByJIKaHa: 1) Tpe-
IIMHA, pacKaJlbIBalOIas CHU3Y JOBEPXY CUCTEMY «pe3epByap-KaHajl», KOTopas Oblia
repMETUYHOM MOCIe KPUCTAJIIM3ALMKA MarMbl; 2) MOBLILIEHUE JABJICHUSI B CUCTEME
BCJIEICTBHE BHEAPEHMSI HOBBIX ITOPLIMI MarMbl. TpUITepHBI MeXaHU3M OKa3bIBaeT
BJIUSTHYE HA XapaKTep U3BEePKEHUS U METPOJIOTHIO €ro IPOIYKTOB.

B03MOXXHO Tak:Ke, 4YTO BHEIPEHME MAarMbl U3 HUXKHEW KOPBI WJIM MAHTUY BbI3BAJIO
yBeJIMUEHME TaBJIeHUs B 0osiee rITy0oKOM pe3epByape, M 3TO CIIPOBOLIMPOBAJIO U3BEPXKe-
Hue ByJKaHa. [1o xapakTepy pachpeneaeHus MUKpodJieMeHToB gauuthbl 2004-2006 rr.
MPUHLIMITMAJIBHO OTJIMYAIOTCS OT ITOpoJ, M3Beprasiuxcs nocieanue 500 yeT, 4yTo
MpeAIonaraeT BHeApeHe HOBOM MarMbl B 0Yar WJIM BOBJIcYeHUE BellleCTBA oUara, paHee
He 3aXBayeHHOIo u3BepxkeHreM. K HacToseMy BpeMeHH! ObIJI0O HaiileHO KpaiiHe MaJio
3aKaJIeHHbIX MAUUIECKUX BKIIIOUEHMIA, a Hu3Kue conepxanusa CO, u SO, cBuaeresb-
CTBYIOT O 3aXBaTe JIUILIb OYeHb HE3HAYMTEIbHBIX KOJIMUECTB HOBOM MarMel. Bellrenepe-
YU CJIEHHBIE (PaKTOPBI, XOPOILIas PACKPUCTA/UIM30BAHHOCTh JALIUTOB U COIIOCTABUMOCTh
00bEMOB U3BEPrHYTHIX IIPOAYKTOB C 00beMaMy CMOJSIMPOBAHHOIO pe3epByapa MarMebl,
JAl0T OCHOBaHME I0JIaraTh, YTO TOJIBKO caMasi BEPXHSISI 4aCTh 3TOTO pe3epByapa Oblia
3axBavyeHa TeKYIIUM U3BEpPKEHUEM.
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