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Periodic fountaining of incandescent volcanic bombs is one of the most grandiose processes
on the Earth. Fountaining episodes begin sharply, without preliminary seismic preparation. Glowing
bombs in the form of a fan or a vertical stream are thrown out to the height of 50 — 500 m
depending on the character of the volcano and intensity of the eruption. During low intensity
fountaining about 10 - 100 tons/s of volcanic bombs are ejected to the surface, during average — 100
- 1 000 tons/s, and during strong — over 1 000 tons/s.

Volcanic bombs are formed of liquid basalt magma as a result of bursting of gas bubbles
formed in the melt during magma’s ascent to the surface. Mass exsolution of magmatic bubbles
from the melt leads to fountaining of incandescent bombs.

Since 1983 we have been conducting volcanological and geophysical (volcanic tremor)
studying of incandescent fountains at Klyuchevskoy volcano. Analysis of continuously registered
geophysical data (volcanic tremor), processed by means of statistical analysis, allowed us for the
first time to identify steady periodicities in the dynamics of fountaining which are manifested in a
wide time range: from tens of minutes — to tens of hours [Ozerov and Konov, 1988]. During
studying of eruptions in 1984, 1993 and 2007 it has been established that at steady increase of
magma discharge in the volcanic crater three regimes of fountaining are sequentially manifested:
steady low-intensity, periodic and steady high-intensity. Two intervals of change of the regime
(ICR) — ICR-1 of "entry" to the periodic regime and ICR-2 of "exit" from it have been identified
[Ozerov et al., 2007]. The obtained results laid the basis for laboratory experiments.

Analysis of descriptions of eruptions and seismograms at other basalt volcanoes of the world
has allowed to establish periodic fountaining at the following volcanoes: Tolbachik (Kamchatka),
Etna (Sicily), Kilauea (Hawaii), Niragongo (Africa), Karkar (Papua New Guinea); in literature only
1 description of periodicity in the dynamics of fountaining can be found for an underwater volcano
NW Rota-1 in the Mariana Trench [Chadwick et al., 2008].

Fountaining of incandescent bombs is poorly studied in Volcanology. Attempts to involve
known gas-liquid regimes in vertical conduits - bubbly, slug, annular and disperse - have not
offered an unambiguous explanation of the reasons of this phenomenon. Therefore to study this
phenomenon the author undertook laboratory experiments since 2003.

Our goal was to reveal the reasons of periodicities in the dynamics of fountaining of
incandescent bombs at basalt volcanoes. Experimental studies included studying of behavior of gas
bubbles during their barbotage in vertical pipes through model liquids of various densities with
subsequent comparison of the obtained data to real volcanic events. For these studies a Complex
Apparatus for Modeling Basaltic Eruptions — CAMBE in a “barbotage column» version has been
designed.

While constructing the complex apparatus we did our best to consider the parameters of real
feeding magma systems. Klyuchevskoy volcano (Kamchatka) has been accepted as a basis — a
typical basaltic volcano. The complex apparatus consists of two systems — modeling and
registrating.

The modeling system represents a transparent, vertically positioned plastic hose with the
height of 15 700 mm and internal diameter of 18 mm. The bottom end of the hose is plugged with a
stopper through which a hollow needle is entered. The top part of the hose is opened; it enters an
aquarium that receives the arriving model liquid. The hose simulates a feeding channel of a volcano,
and an aquarium - a volcano crater. In the experiments liquid and gas are used. For modeling liquid
we used a 35 % glycerin in water solution. As a barbotage gas we used usual compressed air
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supplied from a gas cylinder. The majority of experiments have been conducted with the bubbles of

one size that relates to the internal diameter of the hose as ~ 1:20 which excludes a possibility of

locking the internal section of the hose with a large bubble.

In the course of experiments, a new earlier unknown morphologically steady gas-
hydrodynamic structure - an open bubbly cluster has been identified. It represents a volume of
liquid with high concentration of bubbles, separated with a liquid containing no free gas phase from
above and from below. A set of open bubbly clusters (following one another at a fixed distance),
divided by liquid without bubbles, represents a periodic regime of open clusters. This regime is the
key one in the course of periodic fountaining of incandescent bombs in the volcanic crater.

Origination of cluster regime leads to essential redistribution of bubbles in the barbotage
column which at the surface results in intensive splatter of the liquid due to bursting of cluster
bubbles. In the intervals between arrival of clusters the liquid surface remains quiet. Thus, steady
periodic fountaining of the liquid is realized. These data allow us to assume that during volcanic
eruption similar process takes place, when bursting of cluster bubbles at the crater in liquid magma
produces lava fountaining, and elastic basalt bombs are thrown out.

Additional information was obtained through acoustic studies on CAMBE on the change of
pressure of the sound wave generated by bursting of bubbles on the surface of the model liquid.
Results of acoustic studies are comparable with the data of volcanic tremor during eruptions at
Klyuchevskoy in 1984, 1993 and 2008. Comparison of natural and experimental plots shows their
big similarity in consecutive realization of three regimes (accordingly, in the pair natural process —
experiment: uniform low-intensity — uniform low debit, periodic in both processes, uniform high-
intensity — uniform high debit). Two intervals of change of the regime (ICR) have been identified,
both during volcanic eruptions and in the experiments: ICR-1 "entry" in a periodic regime and ICR-
2 "exit" from it. The obtained data justified the experimental results on CAMBE with reference to
the mechanism of the processes occurring in the feeding conduit of Klyuchevskoy volcano.

Based on the conducted experiments and natural studies a new model of gas-hydrodynamic
movement of magma melt in the conduit of a basalt volcano is offered. Realization of various
regimes of the two-phase magma melt flow on the surface is responsible for variety of explosive
phenomena in the volcanic crater. Depending on the manifestation of the type of the regime basaltic
volcanoes can display various types of explosive activity: 1 — steady low debit regime — steady ash
emission with a small amount of volcanic bombs, 2 — periodic regime — energetic periodic
fountaining of incandescent bombs, and 3 — steady high debit regime — intensive long monotonous
“work” of fountains of volcanic bombs.
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[lepuonuueckoe (pOHTAaHMPOBAHUE pacKaleHHbIX O0MO - OIMH M3 Hambosee IrpaHAMO3HBIX
IporeccoB Ha 3emuie. Onu307bl (POHTAHMPOBAHMS HAUYMHAIOTCS pE3Ko, 0e3 mNpeaBapUTeNbHON
ceiicMuueckoil moarotoBku. CaeTsimuecss 60MObI B BUE Beepa WIM BEPTUKAIBHOM CTPYyH MOTYT
BBIOPACHIBATHCS HA BBICOTY, KOTOpas B 3aBHCHMOCTH OT XapakTepa BYJIKAHA U MHTEHCHBHOCTHU
u3Bep)keHus1, u3mensiercs B uurepsaie 50-500 m. IIpu doHTaHMpOBaHUU €1a00K MHTEHCUBHOCTHU
Ha noBepXxHOCTh 3eMiu noctynaet - 10 - 100 Tonn/c Bynkanudeckux 0om0, npu cpeaneit — 100 - 1
000 tonn/c, npu cunpHOM — cBbiie 1 000 ToHH/C.

Bynkanndeckue 60MObI 00pa3yroTcs U3 KUIAKONW 0a3anbTOBON Marmbl 3a CYET JIOMAIOLINXCS
ra3oBbIX Iy3blpeil, oOpa3ylommMxcs B paciiiaBe IpH IHOoJbeMe K MOBEpXHOCTU. MaccoBoe
BBIJICJICHUE MarMaTU4ecKUX Iy3blpeil W3 paciuiaBa MPUBOAMT K (POHTAHHMPOBAHUIO PACKAJICHHBIX
60MO.

C 1983 roma HamMM HPOBOJMIMCH BYJIKAHOJIOTMYECKHE M Teopu3nueckue (BYJIKaHUYECKOE
JpO’KaHUe) u3ydeHue packaleHHbIX (hoHTaHOB Ha KitoueBckom BynkaHe. Ha ocHoBe aHanmza
HENpPEPbIBHO  PETUCTPUPYEMBIX  T€OPU3MUECKUX  JaHHBIX  (BYJIKAHMYECKOE  JIpOXKaHuUe),
00pa0OTaHHBIX C MOMOILIBIO METOJOB CTaTHMCTUYECKOTO aHaju3a, BIEpPBbIE B JIMHAMHUKE
(OHTAaHMPOBAHHUS YCTAHOBJIECHbI YCTONUMBBIE NEPUOJIUYHOCTH, KOTOPbIE MPOSIBISAIOTCS B IIMPOKOM
BPEMEHHOM JHala3oHe: JECSITKH MHUHYT — JecsATku dacoB [Ozerov and Konov, 1988]. Ilpu
uccinenoBanuu u3BepskeHudd 1984, 1993 u 2007 rr. ObUIO yCTaHOBJIEHO, YTO MPU PAaBHOMEPHOM
MOBBIIIEHUHN PACX0Jla MarMbl B KpaTepe BYyJIKaHa IOCJIEAOBATENBHO MPOSIBISAIOTCS TPHU pPEXKHMa
(OHTAaHMPOBAHUSA: PABHOMEPHBIH HM3KOMHTCHCHUBHBIM, MEPUOJUYECKUH U  pPaBHOMEPHBIN
BBICOKOMHTEHCHUBHBIA. bbuin ompenenensl nBe obimactu cMmeHsl pexuma — OCP-1 «Bxonma» B
nepuognueckuii pexkum u OCP-2 «Bbixoma» u3 Hero [Ozerov et al, 2007]. IlomyueHHbie
pe3yJIbTaThl ObLIM MOJIOKEHBI B OCHOBY JIJAOOPAaTOPHBIX SKCIEPUMEHTOB.

AHanu3 onucaHuil W3BEpKEHUH U ceificMorpamMM Ha JApYrux 0a3ajibTOBBIX BYJIKaHAaX MHUpa
MO3BOJIMJI YCTAaHOBUTH NEpUOIMYECKOe (pOHTAaHUPOBaHUE Ha ByJkaHax: TonbaunHckom (Kamuartka),
OrtHa (Cunmnus), Kunaysa (I"aBaiin), Huparonro (Konro, Adpuka), Kapkap (ITamya Hosas
I'BuHest), B JMTEpaType H3BECTHO €IMHCTBEHHOE ONHMCAHUWE NEPUOJUYHOCTH B JUHAMUKE
¢donTaHupoBanus A1 noABoaHOro BynkaHa NW Rota-1 B Mapuanckoit Bnagune [Chadwick et al.,
2008].

ITporiecc ¢GoHTaHMPOBAHUS pPACKAIEHHBIX OOMO SIBISETCS OJHUM U3 CIA0OM3yYEHHBIX B
ByJIKaHOJIOTHH. [IONBITKM TpuUBIEYb M3BECTHBIE TA30)KUIKOCTHBIE PEXHMMbl B BEPTHUKAIbHBIX
KaHalax: Iy3bIPbKOBBIM, CHapsAIHbINA, KOJBLEBOW W JUCIEPCHBIM HE Jald OJHO3HAYHOIO
OO0BsSICHEHUS] IPUUUH 3TOro siBieHus. [loatomy 11t m3ydeHus storo ¢peHomeHa aBropoM c¢ 2003
rojia MpOBOJMIIUCH JIAOOPATOPHBIE SKCIIEPHUMEHTHI.

3amadeil MccineqoBaHUN OBLIO MPETyCMOTPEHO BBIABICHHE NPUYMH TNEPUOAMYHOCTEH B
JUHaMUKe (OHTAHHPOBAHUS PAacKaJeHHbIX O0MO Ha 0a3albTOBBIX BYyJKaHaX. DKCIEPUMEHTAIbHbIE
UCCIIEZIOBAaHMs BKJIIOYAIM H3yYEHHUE IOBEJECHUS Ta30BBIX ITy3bIPBKOB IpU UX 0apOOTHpOBaHUU
CKBO3b MOJIEJIbHbBIE KHJKOCTH Pa3HOM IUIOTHOCTH B BEPTHKAIBHBIX TPyOax ¢ MOCIEAYIOIIUM
COIIOCTABJICHUEM TMOJIyYE€HHBIX JAHHBIX C PEaJbHBIMH BYJIKAHWUYECKMMHU COOBITHSIMH. {1 3THX
uccrnenoBaHuii Obul ckoHCTpyupoBaH Kommuieke Amnmapatypsl MopenupoBanusi ba3anbToBbIX
N3Bepxennit - KAMBU B Bapuante «0apOoTa)kHasi KOJIOHHAY.

ITpu co3naHnM yCTaHOBKU MbI CTPEMUIMCh MAaKCUMAJIbHO YYECTh COOTHOILIEHUS TapaMeTPOB
peaybHBIX NHMTAIOUIMX MarMaTH4ecKUX CHCTEM. 3a OCHOBY MpHMHAT ByjikaH KirroueBckoid
(KamuaTka) — TUOMYHBIA NpenCTaBUTENb 0a3aJbTOBBIX BYJIKAHOB. YCTAHOBKA COCTOUT U3 JIBYX
CHCTEM - MOJCIIUPYIOIIEH U PETUCTPUPYIOIIEH.

Mopenupytomas cucreMa IpeAcTaBisieT co00H MPOo3payHyto BEPTUKAIBHO PACHIOIOKEHHYIO
IJIACTUKOBYIO TpYOKY BbicOoTOM — 15 700 MM, BHyTpeHHu#t auametp 18 mm. HuxHwmit Topen TpyOku
repMEeTU3UPOBaH MPOOKOH, CKBO3b KOTOPYIO B TpyOKy BBeZieHa moJjasi uria. Bepxuss yacts TpyOku
OTKpBITa U BBEJEHA B aKBapUyM, CO3J@HHBIN Ui MpHeMa MOCTyHaroIieid MOAEIbHON KHUIKOCTH.
TpyOka uMuTHpyeT NUTaOIMI KaHaJl BYyJKaHa, a akBapuyM - KpaTep BylkaHa. B paOote
UCHOJb3YETCsl KUIKOCTh U ra3. B kauecTBe MoJenbHOW XUAKOCTH mpumensercs 35% pacTBop
rIyiepuHa B Boje. B kadectBe OapOoTHpyroLero rasa NPUMEHSETCS OOBIYHBIM BO3IYX,
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MOCTYNAIOUINI 10/ JaBlI€HUEM U3 ra3oBoro OamioHa. OCHOBHOM MacCHB SKCIEPUMEHTOB ObLI
MIPOBEJIEH C My3bIpbKaMU OJHOIO pa3Mepa MpU OTHOLIEHUM JUaMeTpa Iy3bIpbKa K BHYTPEHHEMY
araMeTpy TpyOku mpumepHo 1:20, 9TO UCKITIOUAeT BOZMOKHOCTD 3alTUPaHUs BHYTPEHHETO CEUCHUS
TPYOKU KPYTIHBIM ITy3bIPHKOM.

B nponecce sKcrepUMEHTAIBHBIX MCCIENOBAaHUM BBISBIEHA HOBAs, pAaHEE HEU3BECTHAA
MOp(]OTOTHUECKH YCTOWUYMBAas Ta30THIPOJMHAMHYECKAs CTPYKTYpa — OTKPBITHIN MYy3BIPHKOBBIMA
knactep. OH mpencrtaBisieT co00il 00bEM JKHUIKOCTH C BBICOKOM KOHIICHTpAIUEH IMy3bIPHKOB,
CBEpXYy M CHHM3y OTpPAaHWYEHHBIM KHUIKOCTHIO, HE cojepikamield CBOOOAHOW Ta30BOM (a3l
COBOKYIHOCTh  OTKPBITBIX IY3BIPHKOBBIX KJIACTEPOB (CIEAYIOIIMX JApPyr 3a JpyroM Ha
(UKCUPOBAHHOM DACCTOSHHUH), PA3JIEICHHBIX MEXAYy CO00H CJI0eM KHIKOCTH 0e3 My3BIPHKOB,
MIPEICTABISAET NEPUOANUECKUN PEXUM OTKPBITBIX KJIACTEPOB. JTOT PEXKUM — ONPEACISAIOIUN B
MpolLecce MepuoANYecKoro OHTAHUPOBAHUS PACKAIEHHBIX OOMO B KpaTepe ByJKaHa.

Bo3HUKHOBEHME KJIACTEPHOIO PeXHMa MPUBOJUT K CYIIECTBEHHOMY IEpepaclpeeiIeHUI0
My3bIpbKOB B 0apOOTa)XHOW KOJIOHHE, KOTOpOE€ Ha TOBEPXHOCTH KHUJIKOCTH MPHUBOIUT K
MHTEHCUBHOMY pa30pbI3TUBAHUIO JKUAKOCTH 3a CYET JIOMAIOLIMXCsl IMy3bIpbKOB KilacTepa. B
MIPOMEXYTKaX MEXIy MOCTYIUIEHHEM KJIacTEPOB MOBEPXHOCTh >KUJKOCTH OCTAE€TCA B CIIOKOHHOM
coctosHuu. Takum o00pazoMm, peanusyeTcs YCTOWYMBOE MeEpUoandecKoe (OHTAHHUPOBAHUE
KUIKOCTU. OTH JaHHbIE TO3BOJISIIOT I0Jaratb, 4YTO BO BpEMs HW3BEPKEHHUS Ha BYJIKaHE
HaOII0/1aeTCsl aHAJIOTHUYHBIN MPOIEcC, KOTa U3 KHUAKOW MarMbl B KpaTepe 3a CUeT JIOMAIOIIUXCS
My3bIPHKOB KJIacTepa MPOUCXOAUT (POHTAHUPOBAHUE JIaBbl, U BBUJIETAIOT IJIACTUYHBIE 0a3aJIbTOBBIE
OOMOBI.

JlononHuTeNnbHYI0 HMHPOpMALMIO Jalo akycTudyeckoe wucciaegoBanne Ha KAMBU mo
U3MEHEHUIO JIaBJICHUS 3BYKOBOW BOJHBI, TI'€HEPUPYEMOM JIONAIOUIMMMCS Iy3bIpbKaMU Ha
MOBEPXHOCTHU MOJEIIBHON KUAKOCTH. Pe3ylbTaThl aKyCTUYECKUX HMCCIIEOBAHUN COMOCTABIIEHBI C
JAHHBIMU BYJIKAHUYECKOTO JPOKaHWS NpU u3BepkeHusx KiroueBckoro BynkanHa 1984, 1993 u
2008 rr. CpaBHEHHE TTPUPOTHOTO U MOJEIBHOTO TPA(QHUKOB IEMOHCTPUPYET OONBIIOE X CXOIACTBO
B IIOCJIEZIOBATEIBHON peau3alui TpeX peKUMOB (COOTBETCTBEHHO B Mape MPUPOJHBINA MPOLECC —
SKCIIEPUMEHT:  PABHOMEPHBIH  HU3KOMHTEPCUBHBIM  —  pPaBHOMEpPHBIM  HU3KOAECOWUTHBIMH,
NEpUOMYECKU B O0OMX TMpoLeccax, PaBHOMEPHBIH BBICOKOMHTEHCHUBHBIM — paBHOMEPHBIN
BbICOKOJIeOUTHBIN). Ilpu 3TOM BbIABIEHBI JBe obOnactu cMmeHbl pexuma (OCP) kak npu
U3BEPKEHUAX BYJIKAHA, TaK M B OKCIEPUMEHTANBHBIX HccaenoBaHusax: OCP-1 «Bxoma» B
nepuoguueckuii pexxum U OCP-2 «Bbhixoma» u3 Hero. IlonmydeHHbIE AaHHBIE MOATBEPIUIN
CIIPaBEUIMBOCTh TMPUIIOKEHHSI PE3yJIbTaTOB AKCIEPUMEHTANBHBIX HccienoBanuii Ha KAMBU
MIPUMEHUTEIBHO K MEXaHU3MY IPOILIECCOB, NMPOUCXOIANINX B MoABoAsAIIeM KaHaie KiroueBckoro
BYyJIKaHa.

Ha ocHOBe mpOBeNEHHBIX SKCIEPUMEHTABHBIX W HATYPHBIX HMCCIECIOBAHUN MPEJI0KEHA
HOBasg MOJEJIb Ta30THIPOJIUHAMHYECKOrO JIBMXKEHHMSI MAarMaTHUYeCKOro paciuiaBa B IMOJBOASIIEM
KaHajie 0a3albTOBOTO ByJKaHa. Peann3anus Ha MOBEPXHOCTH PA3JIMYHBIX PEKUMOB TEUECHHUS
JIBYX(a3HOro MarMaTU4YecKoro paciuiaBa OTBETCTBEHHA 33 MHOTOOOpa3ue 3KCIIO3UBHBIX SIBJICHUM
B KpaTepe ByJkaHa. B 3aBUCMMOCTH OT MPOSIBJIEHUS THIA PEKUMA HA 0a3aJIbTOBBIX BYJIKAHAX MOTYT
MPOSIBIIATHCS PA3IMYHBIE THIIBI SKCIUIO3UBHOW JEATENBHOCTU: 1 —paBHOMEPHBIA HHU3KOIECOUTHBIN
pEXHUM — paBHOMEpHAs TMEeIIoBasi YMUCCHS ¢ HEOOJIBIIUM KOJTUYECTBOM BYJIKaHHYECKHX 60MO, 2 —
MEePUOANYECKUI PEXKUM — IHEPTHUHOE Mepuoandeckoe (poHTaHMpPOBAHUE pacKaleHHBIX O0MO, 3 —
pPaBHOMEPHBIM BBICOKOJAECOUTHBINA PEKUM — MHTEHCUBHAS MPOJIOJKUTENIbHAS MOHOTOHHAs «paboTay
(hOHTAaHOB pacKaJIeHHBIX OOMO.
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