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Objectives
(1) Determinethe timing of rechargeeventsprior to the LaacherSeeeruption (12.9 kyr BP)in the
EastEifelvolcanicfield by...

(2) modellingdiffusion profilesin sanidinefrom mafic to evolvedphonolite and cumulate samples
and

(3) in olivine from phonolite-basanitehybrid samplesthat formed after mafic rechargeand before
eruption.

(4) Additionally olivine crystalsfrom basaniticscoriaconeswere analyzedto identify Quaternary
malfic parental magmacompositionsand determine their ascenttimes from mantle into the crust
andto the surface
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Geological Setting
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Fig 1. Map of the Eifel volcanicfield (western Germany,after Mertes 1983

showingeruptive centers(blackdots). Reddots mark basanitic/ nepheliniticscoria
conesand maar depositsin the Eastand West Eifel which were here sampledfor

olivine analyses (b) LaacherSeetephra sequence (c) schematicconcept of the

LaacheiSeemagmachamber(after Wérnerand Schminckel 984b; Taitet al. 1989

Ginibreet al. 2004 Schmittet al. 2010

LaacherSeevolcana The phonolitic LaacherSeevolcanobelongsto the younger
EastEifel volcanicfield. Its most prominent eruption occuredat 12.9 kyr BPand
produced6.3 km? of tephra (DRE)

Carbonatitic syenites

mafic

hybrid

Basanite

LaacherSeereservoir. TheLaachetfSeemagmachamberis
located below 3-6 km depth (Woérner and Schmincke
198%). The LaacherSeetephra sequence(Lower, Middle
and Upper LaacherSeetephra) representsthe inverted
sequenceof a chemically zoned magma chamber with
evolved crystalpoor phonolite at the top that waserupted
anddepositedfirst (LLST)owardsthe final erupted, crystat

rich mafic phonolite from the bottom of the reservoir

(ULST)
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Samples and Analytical Methods

Sanidine Zonedsanidinecrystalswere analyzed
in samplesfrom (1) phonoliticcumulatesthat are
genetically directly related to the LaacherSee
phonolite magmaand (2) from compositionally
distinct phonolite pumice from the MLSTand
ULSTMeasurementsvere done with an electron
microprobefor quantitative measurementgat 15
keV, 15 nA, and 10 um beam diameter). Back
scatteredelectron (BSE)mageswere takenat 20
keV, 20 nA

Olivine: Olivine crystals occur only in the
uppermostsectionof the ULSTwhich represent
the final mafic hybrid products after mixing
betweenthe phonolite and the intruding, olivine-
bearing basanite Olivine analyses were
performedasline profilesby electronmicroprobe
usingatrace elementprogram(20keV, 300nA, a

focusedbeam,anda stepsizeof 3-5 pum).
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Fig2: Volcanicsampleg(includingphonolitic pumice,basaniteand hybrid samples)
and three representativecumulatecompositionsplotted on a alkalr SiQ diagram
Plot also showsdistinct phonolite differentiation, basanitetephrite differentiation

andbasanitephonolitemixingtrends




Composition of parental basanite magma
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Diffusion Modelling

Sanidine
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Fig4: (a) accumulatedBSEmMageof a selectedsanidinegrain[sanidine2 in
sample10881H (a hybrid sample)] Greyscaleprofiles are modelledasa
proxy for Baprofile after a correlation check The solid red rectangle
enclosesthe area over which the grey-scale swath profile (c) for inner
boundaryis taken (b) the zoomedin view of (a); the solid red rectangle
coversthe areaof the swath profile (d) acrossthe outer-most boundary
Thered curvesin (c) and (d) are the model curvesobtainedthroughaleast
squarefitting.

Zoningand compositiort Sanidingphenocrystdrom maficand
intermediate phonolite are nearly homogenousin major
element composition Observedzonation are only due to
variationin Baand Sr. Eachsanidinegrainhas2 to 4 significant,
well-identified growth bands that are characterizedby a
changeof at least 0.5 wt% in Ba content 60 — 70% of the
sanidine phenocrysts from the hybrid samples have an
additionalverythin (2 - 10y nwide)Barich (atleast1.8—-2.5
wt%) overgrowth(Fig4) with 60— 70%changein Bacompared
to the preceding zone This kind of overgrowth is never
observed in the sanidine phenocrysts from non-hybrid

samples

Temperature Basedon experimental data by Berndt et al.
(2001, 760£10 °C for intermediate phonolite, 840£10 °C for
mafic phonolite and 870+10 °Cfor the hybrid were used Forthe
postmixing outermost rims in the hybrid samples,we usedthe
highest liquidus temperature documented for upper ULST
sanidines.e. 890+t10 C(Worner1982 Berndtet al. 2001).
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Diffusion Modelling

Olivine
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restrictedto the outermost 100 um of the crystals Theyhave Fig6: Diffusionprofiles for Mg-Fe,Mn, Ca and Ni from a representative
variable core compositions(Fg;gg9), but more uniform rims olivine crystal from LaacherSeehybrid samples(LSHL-1). Profileswere

modelled using a numericalapproachwith fixed boundary compositions

Fa- = 50). Thegrainboundarycompositionis FQs = g7 .
(Fays0)- Theg yeomp Goso75 (DIPRAGironaand Costa2013).

Olivine crystalsfrom EastEifel basanite sampleshave similar

reverse zoning and core compositions(Fgy,gg), but are less Temperaturen and pressure The profiles were modelled with an
forsteritic rim compositon (Fasg¢) than olivine from Laacher estimatedpressureof 2 kbar and for two different temperatures (1) an
Seehybrids intermediate T=1120°Cto considercoolingof the rechargingbasanite(=
Olivine from West Eifel nephelinites are normal zoned and 1170 °C) during mixing with lower-T phonolite and cumulate
have highFo cores (Fqgg,) and rim compositionssimilar to disaggregatiorand (2) a minimum T = 1000 °C calculatedfor the hybrid
thosefrom LaacheiSee(Fgy; 5 0)- after mixingbetweenbasaniteandphonolite (880 °C, Berndtet al. 2001).
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Diffusion times

Sanidine Diffusiontimes of sanidinephenocrystdMLST)ndicateseveral
rechargeeventsat a frequencyof 1500-3000yr for the 20,000yrs prior
to the eruption. In contrast,sanidinephenocrystdrom the ULSTgive Ba
diffusiontimes of only 4-8 yrs. Diffusionbetweenthe exsolutionlamellae
in sanidinefrom the cumulatesalso give rather short (and maximum)
times of 1.5-3 yrs, which likely representa last heating event prior to

eruption.

Olivine: Diffusiontimes of olivinein the LaacheiSeehybridsare <50 days
(modelled at T = 1120 °C) to maximum 410 days (modelled at the
minimum T = 1000 °C) Thesetimescalescorrespondto those obtained
from cumulatesanidinedor the lastheatingevent Olivinezoningcanbe
related to basanitic recharge and cumulate disaggregation(reverse

zoning)and basanitephonolitemixing(outermostnormalzoning)

Olivine in basanitic samples Diffusion times of olivine in basanite
samplesrom two EastEifelscoriaconesare longer(up to 490days)than

the timescalculatedfor olivinecrystalwithin LaacheiSeehybrid samples
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Fig7: Diffusiontimes of olivine crystalsfrom LaacheiSee(LS)yand

basanitesamplegE1, EPRY9).
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Conclusions

A The basanitethat intruded into the LaacherSeemagmachamberand
mixedwith the phonolite prior to eruption wasmore mafic than any of
the basanitesthat erupted at scoria conesin the surrounding area

previousto activity of the LaacheiSeevolcana

A Diffusion times obtained from Ba diffusion modelling in sanidine
iIndicate rechargeevents every 1500-3000 yrs within the 20,000 year
history of storageand phonolite differentiation within the LaacherSee

magmasystem

A Timescalesrom diffusion modellingin sanidineand olivine show that
the last basaniterechargeoccurredmonthsto maximuma3 yrs prior to

the eruption and may havetherefore actedasa triggeringmechanism
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