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ThP Anisotropy of Magnetic Susceptibility (AMS) Technique 
to 1 o~ale the Source oft he Rattlesnake Ash-flow Tuff, Cen
tral Oregon. 

Mn_ oJ3:timac (Dept. of Geolo~iral ScictK~S. 127~ l'niversity of Ore
gon Eugene, OR., 97-103-1272, L'SII, ph. 1-541-31G-·1.579: e-mail: 
joh: (in~wberry.um<•gon.edu); Ray J. W<·ldon, II (ll<•pt. of Uc•olo!';i
col ·,nenre,, 1272\inivcreity of Oregon, Eugene, OR., 9710:1-12?2. 
CS.'.: ph. 1-541-.115-4.58-1. e-mail: ro.y((\·n~wherry.uor<•gon.edll) 

As p>d of a paleomagnetic ~tudy on the Rattlesnake Ash-flow Tuff 
(7.01 '·h) in tbe northern Ha.sin and Rang~. we u&e tile amsolropy of 
magndir >usceptibilit_v {IIMS) to dciPrtnine flow direction, and hPn<e 
wurn of the "-'11-flow tttff. 

~i<Le1·-ninc {99) spcLimens from seventL-en (17) oites were mea.•urcd 
for tf,, ir AMS. Piottin!'; tOP _,hape p"r"-riLeter, T, .• gainst til<' , "rrecte<l 
Jegre,· of anisotropy, Pj, rrenlts in a m<'an shape parameter of appwx
im~t< )' {1.075 (prolate) and the mean corred~d degree <>f ani8otropy i.s 

oppr< · irnatdy 1.0.10, or 3 p~r~ent. The mean hulk volume ousceptihil 
ities r.,nged from 8.or;.IJ.Jl<.> 2.0E-O~ (Sl umts). 

Uuri1 '-\the <:i!.ld~ra. iJ~ntificalio" proc~-Jure, all "itcs were indnded in 
I he< cul~tiou~. Aftf'r the proc~oo was run with all I ht• sites, l.wo sites 
that.' dd very anomalouo !i<JW azimuths w~re excluded. Th~sP two oit~s 
procl1 .,J lineat.i<>n and foliation du~cli<ms that an• clearly inntwncM 
by P''ieotopography of lh<' anceotral .lohn D~y River V:..lley. Ahhmor;h 
other ,it~s probably show the influence of palcotopographj, but to ,1 

l"""r d<'gree. th<•y were not remow<l. Suhscqu~nt contourinp; reoultNl 
inn~ >ignificant rlitferenc<' in the SOLlr<-<' area h·ation. 

The \MS measurcm<'nts show an appmxunately radial oulftow pat
tern rom tl1e postulated sourc ,, caldera_ Our l,~,t ~st.ima\c as t.o the 
locd\I'Hl <>fthc caldera wcmld be nf'ar Lake 011 lh~ Trail in the \TS GP
ologi, «I Survey <.5' qua.drangl~ by til<' •arne """lP- Tl1io l"rat.ion io 
apprr•Aiii!ately l0-20 km tu 1.h<' soulh of previoLJoly postu],.l<•d sourc<' 
regio~:s_ With fOJrther AMS work a.t other outcroP" w~ f""llh.-tt the 
'""" ·may be bf't.t.er located. 

Cael Hno Tuff, Nevada: Dist~ibution and Sou~ce Region In
ferc~d From Magnetic Propertie' 

Il_i'_:'almer (Dept Earth Scicnc<'s, U11iv \\ht<'rn Ont.r.rio, Lou-
d<·' Ontario, 1\fjA 5D7, Canada: ph ~1~ 579 2111 "67-l~]: 

W ll MacDonald (Oept Geological fkienres, State Universit}' of 
"' ~· Ymk, Binthamton, 1\Y, 13902, liSA: ph. 607 729 21l72); 
C ~ Grommc {420 C'hducer St, Palo All.o, CA. 9H01, l.l'iA: ph. 41!'i 
32! _q887) 

The r...,tano Tuff (Gilluly and Ma.,up.,ky, 196-'i) io a volume- trically 
oi~n 'lean\ a.~h-fiow tuff of late P aleogenp .,ge. near 3,1 Ma, widely di.'
tribo~cccl over n•I,tral 'le,•ada. Approxirna- tely ~.000 cubic kn" of 
thio tuff till and "urround the north· ern of two Jar~<· volcanic tectonic 
trou~h; of central Nevada (Burke and McKee, 1979). Outcrops of tuff 
aosi1-,ned to thP Caetano b)' variou; .-tllthors <"xtend from th.. Tobin 
1\an~e, acrc;llls the Fi~h C1eek Mto., l\at\le Mtn., and Sh=hone Ra11g~ 
to tl.e Toiyabe ltan~;e. For more than 40 soles across this area we h.rse 
inv<"-Ltgated the Inagneti~ propNlieb of Caetano Tuff with the obj~ctive 
of it,\crpreting it-~ otruc\ural setting ancl.,oLJrce n•gioM. ;./umerou' dif
ficui1it'S have a.riocn iududing corrchLtion unc<'ftainti<">, hydrothNmal 
. ~lk .l.tion of magndic propPrties, """' isotropic fabrics, and -rMc.itv of 
vioi'.Je flow-lineal.ion fahri;s for ,·ross-doc..-king A).1S inkrprl'- tati~ns. 
i'c\·•rthele£.S. several dtMacteristws have Pmergcd. The r~mam·n<<', 
tigkly dLJster<'(l. is all or revcrM'd poldfity; th1~ is un<'Xpected in view 
of l'•e numerous bcdimeutuy inter- ;alations in the type area, whirh 
i1n1·•Y alonr; int<'rval of <'Ill- placement adequate fnr reveroals to urcur. 
AM~ Kmax ,,xes, t.;tk<'n a.; proxieo for flow·"'".s (Ellwood. 1982). ar<• 
bm.rlly consistent with radial outflow around the trough's wc,t f'nd. 
Wii:till thlrougn, Kmax axes arc mainly parallel to the trough E-W 
axi'. except. at lh~ t)'pc MPa at the ca:,t end. 
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Rock Magnetic Characterization and ESH Spectra of Volcani~ 
_-'r.sh: A Summary of Results to Date 

ful• Beskf'-Diehl (Geological Engineering and Sdeuces Department: 
<h. 906-487-2534;e-mJ.il; sbeskc-d@mtu.edu); Archana Pawse (1115 
'lth Ave SE, Apt. 14, Minn<'apolis, MN 55414; ph. 612-~79-7758): 
:· Marshall (Physics D<·partment, Michigan T~, hnologi<al C 11ivcrsily, 
'Iaughton, )..fl49931) 

Th-· use of rock magnetic properties and electron spin reoonance (ESR) 
sp,·;tra as tools to identify volcanic ash requires I) the properties be 
un.form within the ash, and 2) differ~nt a,,h units have different rnag
ncltc and ESR signatures. The later stipulation ohonlcl be the c""e 
wf,en the ash moits have dissimilar chemistries and for crystallization 
hi"'-'ries. Magnetic properties and ESR spectra dep~nrl on these fa<:
tot,; bc.:::ause they reflect magnetic mineral content and grain eize and 
sh.,pe. ESH. spectra characteristics are also affected by cry"tal defect8, 
im:>urities, etc_ and th<' pr.,.,nce of paramagnetic minPrals such as 
ilu,enite. 

M<>st tnformation ;orne' from a compari..on of r<•sults fr<lrn th~ Fuego 
1974 ash, Cuatmoala (EOS, 1994, Fall )..l<'f'ting, p,(),q5), th~ El ChichOn 
1982 ash, Mexico, (see previouo abstrJ.Ct, thi~ meeting) and a.'h from 
ancient erO!p\ions of Kilauc~. Hawaii. Atrnosph<>ric. fraction drmat
ically aff<'<'ts m.Lgnetic properl.i~o anrl ESR 'pectra in proxional asl1 
fwm Fuego and El Chirh6n. Distal ·~~h coll<..-ted 30 and 100 km di"
tance, f<'-'PcLtivelr, have uniform mocgnctic properties. Although Ham
plco from Kilauea were from til<' a sing!<' !oration, thcorPtical consider
ations h>!.Sed 011 the J;uk of a\JT10Spl1eric fractionation arp;ue that m•g
netic propertic-; ohoulcl be uniform throughout uach ash onoit for this 
volcano. Aoh from tl1esc thrrn- >Olcanrw!-. can ""-'ily b~ diotinqubhd on 
scatter plot;' om paring saturation magncl.io.ation and saturation rema
ncnc~ with g. th~ magn~tic fl<~ld al wltirl1 "'"'xionum t·:SR absorption 
occurs. Preliminary data from multiple <'ruptiono of Fuego suggest th"l 
the- methud is in<'ffectivc in dioti11guishing betw~~n <llih unilo <'ft!pted o 
frw yeMo apart 
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A"·h-Flow Tuffs: Correlation and 
Emplacement II Posters (joint with V) 

Presiding: W D MacDonald, SUNY, 
Binghamton; L Brown, Univ of 
Massachusetts 
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Ac,·umulation and Dry-State Remobilization Processes in the 
JunF15, 1991, Ignimbrite at :!\-1ount Pinatubo, Philippines 

Ronnir Torrco (PI-!IVOLCS, Quezon City, Philippinco: Stephen S<>lf 
IDe pi or C~ology anti Ccophyeocs and Hawaii C<·ni~N- for Vol· 
< diiOlugy, SOI::ST. llniv~rs<ly of Haw;oii, Honolulll, HI %82~, USA; 
ph. (1l08) 950-0996: e-mail: s~lfi~socot.hawaii.cJu): Mich"'d Hranncy 
(D~pt. of Geology, \'nivel'3ity of Leicest~r, l <'ir~stcr, t·;.,gland t:K; 
WE Scott (\;S(;S C.1..oc.Wc•o \'ol<ano Obscnatory, Vancouver, Wll 

9%G1. !:SA 

l'yrocl.~~li<- tlowo proJuc~d h) '"uption <olumn collapt,e during the• cli
waetic cntp!.ion a< Mt. Pinatubo on 15 Jun<' 19!11, were sustained for up 
to 3 ill'' in pruximal to onedial ar<•as and pulsating in uocm• distal arC"-' 
[;,·id<'I\Ce f<>r progrc>c,ive il!';gra<]ol.ion of th(' igniJnbrit<' io ohown in the 
mc<liill fa<:ie_' (3 to 7 km from vent) o.lnng the ODonnell ""'ll'~y; thick, 
m.w.ivc. holllogcncouo \alley-pond~d ignirnlorite changes lat~rally into 
s\r<ll.ifi<'d and fiti<'O-d~plckd deposits toward th<> channel margins. Do&
t<tlly, the deposit tran>fonns iHtO a strat.itivd &q uence of individual flow 
unJtS wil h intcrcalo,tions of"''!''' and fall dPposit8. llooizons of <;oarSe 
putt~ir~ rottcentrationo dii<I finp a.oh an.i lapilli fallout mMk the uppeo 
surface' of flow nHits. Some ma.;siw deposits can be traced down flow 
in I" 'ross-otrdtifi<·d surgdike depo"ils, suggcotiHf!: increMi11g dilutoon 
of t.nc ""lids conceJttJation of tn~ flows"-' runu11t increased '!'h£>Se 
t~mporal and op.-ttial changc·s occur in responoe to variations in rna.>,>; 

fiLl X of m"'t~ri<LI transported by the 11""""- Pmtiona of the 1991 primary 
i~.nimbrite were• rcmobiliz~d to form secondary pvroclustic llnwo and 
ignimbriko on nUJnerous occ,_;ions. Thcr;<· depo;ib exhibit idcntwal 
fu•lJ dnor.u·t~li>tic', suf!:)';~sting "''nil..r pMtocle bupporl anJ eonplo~C'-
mellt mcchamsmo. Flow H"i<Kity and the amount of air inge<ted at 
lh~ flow fnHLT. appear 1<> haw little effect (JJ\ drposit cbaracteristiLS . 
Turhulence inrluu"<l by air Pnlr<LiH~.J ~uring eroJplion column collap6 e 
provid~ tOe primary parti<']e support mechanism in flow. D~wlopment 
of a d~n<<' H11derflow through ~ownward innea.se of pa.rtkle c.oncen 
I ration and damping out of th<' nuidizing pffeds of g•~~ <o.uoe a b;c.~al 

depositional mue in tlw flc,w where 11inderl'<l settling is tOe dominant 
P"' ticle support mrcha11it>111 tl1at controls depr'"it rharacl,•ri~tws. 
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Vitric- Si!lar Zonation in the Bandelier Tuff 

M Hom (University of Texas at Arlington, Department of 
Geology Arlington, TX 76019; 817-272-2987); 
(Sponsor: B B Ellwood) 

A recent study of the Bandelier Tuff (T~hirege member) 
motivates a reinterpretation of sillar paragenesis and vitric -

sillar zonation in the ignimbrite. Field observations of7.onal 
geometry characteristics a1,>-ree with previous findings (Smith, 
1960, USGSPP 354-F), and are complimented by laboratory 

analyses of zonal variations in crystalline te:rttures and forms. 
Results of petrographic, SEM, XRD, and microprobe 
analyses of sampled proflies evidence sillar zonation defined 
by polymorphs of alkali feldspar, silica, and mwialite that are 
indicative of a nonr.quilibrium phase transformation. For 
example, sillar alkali feld.~par occurs in stellate clusters that in 
thin section are discoidal or polygonal (4,5, and 6 sided), and 
silica occun; as hexagonal platelets that display {1- ttidymite 
crystallography, but with a crystalline strocture consistent 

with that of a- cristobalite_ Additional evidence suggests 
that these forms ~:rystallized din:~:tly from the amorphous 

component (shard.~ and pumice). and not precipitated from a 
vapor phase. The analytical results also suggest that sillar 
crystallization occured while the ignimbrite cooled but before 
attaining the glassy 'state', that sil!arcrystallization 
interrupted welding compaction, and that sillar crystallization 
is degenerative to rock coherence. 
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The Size Distribution of Pyrocla•ts and the Fragmentation 
Sequence in Explosive Volcanic Eruptions 

Eclollard KamjnJilii ph .U 1 44 27 24 76; e-mail: kamin-
ski©.ipgp.ju"si<'H fr): Claude hupart (lrNitul de l'hysiqtl<' du Glnbe 
rle Pdfie, 7~2.52 Pa.rio Cedex 0-5, Frame; ph. 33 I 44 27 6R 7:J; e-mail 
cj@ur jusoiell.fl) 

In an explo;iv(• eruptimo, the atmo;pheric wlumn regime depcn.is on 
the""'"" flux o.ud un tl~<· mas.< fr<Lctoon <>f gas in the erupl.ed mixlure. 
Upon fragrnent«tion, v<•oicular nLO•gma ri,inr; in .t < unduit breaks up into 
small fragm<'nts, a11d the amoum. r,fga.s tt']eased depPnds on the si•e 
diot.ributinu of rnagma frag•,.ent'- We preS<•ut a, comprehcn,ive revi<•W 
of I he grai11-.-i·oc diot.oibutiono of Mh and purnice '""'pies in ~6 w~ll 
docum<>nted Plinian <>ruptiono. Th= populations follow a power-law 
di,t.ribution. The <-Hrnula,tiv.• diotrilnotion i~ ~uch t11at N, thP numbPr 
of fr;,gments with radii larg"' than r, is gi\'P!l by: K ex r-1! wherP 
exponent 0 ranges from :.1 t" ·1. Su,.h vahl~H of the exponent cannot 
be attribute~ to a primal}' frnr:m~ntatimo mL>eholli~m. Vl'c prop=" a 
serondao}' fr"'',mentation S<'<JUl'nce involving multiple wllisions dbove 
tn~ fragmentation level. Lahorator}' experiments on real puu>ires il
luotratc til<' variouo possihilit.ieo fnr ~ecomlMy fragme.ntation proces;;c'i; 
dnd sh<lW und<•J which <'Onditimts expon~nts );nl(er than 3 can he oi:J.
ti!.in~d. A model of kinetir refrdglll<'nt .. tion is dev~lopcd to account for 
such ob,Nvatim"- Prim"''Y breo,knp of buLbly magma leads to a •i?.~
distribution exponcut omall<'r than 3, implying a omall volume (and 
maso) fractioJL for th<' rontinHnuo ga.' ph""" in thu mixture. In these 
coudition.,, pMticl<' r.olhsione are fr<•quent aud in duo• d" increa.'P of tOe 
expoJLent of the cliotoibution_ With incrcMinl( height abov~ the frag
mentation ]~vel, d~rompre"ion dCts to iucrea.'e the volume fraction of 
gM ancliL<•nce l.n lower l.h~ l'roh~hility of particle collision.~. TOe final 
valu<• of the ••xpon~nt is a fuurtJon lJf the re,jdence tim~ in thP wnduit 
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Collap.•e ofJndined Rruption Columns and the Generation of 
Directed Pyroclastie Fluws 

~r~:do Mah.<r Fran6'<'~:"~: David M. Pyle (DPpartment of 
Earth Sci,•n<eS, l'ni,·ersitv of C:ambriJge, f)owning St.rPet, Cf\1 
.1EQ. 1.1.1\.; ph. 012:!:1-33317·1 0122:1-338351 : •··mail: amfill2g 
esc.cam.ac.uk dmpll-@esc.cam.ac.uk): Brian f)ade (In,t.itute of 
Theor~tiral (;pophysic,, IJniversily of Cambridge, Downing Stre<"t, 
CB2 3EQ, l'.; ph. 0122:l-33348.'i; e-mail: bJade•Q;~sc.cam.ac.uk) 

Clive Opp~nh<'imer (Depo.rton~nt of Geography, t:nivcrsity of Cam 
brid~e, Downing Plac~, f'F\2 ~EN, l~.K.; ph- 01~23-3938:{: e-m>il· 
c .opp<'n hei mer·t'iopen .a~ .uk) 

W<' preoenl "- modd ofcolurlOn wllap•P that rPiates tlw ru;yrrtmetry of"
volcanic emter (e.g. presPm:c of nal.cr notehc·o) with lhe emplac~lllent 
dircct.ion of ~mall scale pyroclAAI ir flow<. Analysis of l.wo-dim<'n<ional 
compressible flow beha\'iour ;bows th;o_l under rPrt;.in conditions, tht' 
streamline of a jet ~xiting the vent at wnic ~p....Js can become tili.<-J 
away from the vt•rtical. 'I ht• inclin~t.i'"' of the ot1eamline to the V<'"-i< al, 
d~pend~ on the ,]r.nt angle oftbc .-rater lip and P""-~ure at till' tralcr 
exit pi"""· This tilting in turn focuHco th~ fallout of coar'e parlid<'s 
from the j~l. th.-tt may ,-<Lub<' thP ouGs,.~uPnt p;cnNalion of oriented omo.ll 
scale pyrocla:;tic· flows. This rrn>del appli<•> to vok.r.noeo with vertico!.l 
<onduits and crdtrr to vent )';<'<JHWtries Lapahle of o~ting as effective 
.o;onic to oupersm1i< volcanic i•'t no"'·l~s. ~1ay<,r. vok •. no's ncar pNfect 
co.,e, central vcnl, vent to crater diameter r.<tio (0.54:1), and con~pic
uous crater asymmetry as dctcrminL-J from DEM\ and photogr.,phs. 
i~ on excelknt exampk- of th;, type of \'oh-ano. Th~ soutl1ea..'t fYing 
cral.et lip slant of )..1ajOn vol<ano, whidl existed prior to o:s 1~81, 2nd 
phase eruption, is bdieveJ to hav~ dir<'rted the "outheast trending py
rocla..ti.- nows. Th~ inclin~d .-olumn ,·ollapo,. model i« .1.lso cor"iHent 
with I he origiu of the pyroci<Coti; flows in the fatal 190~, Mount PeJO., 

NHpliou. This model provides" mean~ of predicting the likely mien 
tation of~mall "cale pyrodasti~ nows gen<'rated by mliunn collapt.l' at 
J.Ctive volcanoes. 
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Depo•itional Features and Tl'ansportation Mechanism of the 
1991-96 Unzen Py~oclastic Flows, Western Japan 

Shinji '1\l.karada {Geological .';cicncffi, \lni,·ersit_v of California, Santa 
Barbara, CA, 93106, t:SA ; ph. 1-805-80.1·3508; <e-mail: takarada@ 
magic.geol_ucsb.~d u) 

More than 9400 Merapi-typc dM.itic pyrod,.,tic flowo (totaling 0.2 km3) 
were produced frulll lava dom~ wllapsc at Un~en Volcano, w,.,;l<'rl\ 
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