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economic damage and major losses of life are

I n many disastrous Plinian eruptions most of the
caused by the sudden overloading of rivers in the

Lake Formation

and Catastrophic Dam foreland, the eruptions of Nevado del Ruiz (1985)
. and Pinatubo (1991) being two major recent exam-
Burst durlng the Late ples (Scott et al. 1996). The overloading of the drai-
i nage systems is caused by the instantaneous deposi-
PIeISt_Ocene Laacher See tion and fast erosion of large amounts of fallout te-
Eru pt|0n (Germany) phra and by pyroclastic flows entering rivers, thereby
transforming into mud and debris flows further
C. Park. H.-U. Schmincke downstream. The hazards of explosive volcanoes and
o _ _ the environmental impact of historic or prehistoric
Abteilung Vulkanologie und Petrologie, eruptions are evaluated by analyzing their tephra de-
GEOMAR Forschungszentrum posits.
fur marine Geowissenschaften, D-24148 Kiel, |  We are currently studying the environmental impact
Germany _ of the Plinian eruption of Laacher See \olcano
e-mail: hschmincke@geomar.de (LSV) c. 12,900 aBP (Bogaard 1995) — the largest

explosive eruption in Central and Western Europe
during the late Quaternary. We have followed up ear-
lier suggestions that rivers in Neuwied Basin had
been dammed up during the Laacher See eruption
(LSE) (Schmincke et al. 1990), studying outcrops of
primary and reworked Laacher See tephra (LST) on
major dam at the bottleneck oulet of the mof- both sides of the Rhine River by petrographic, geo-
phological Neuwied Basin. A temporary lake chemical, sedimentological, and volcanological meth-
formed upstream between Andernach and 0ds. Our preliminary findings suggest that the de-

Koblenz, extending for some 140 Rnand ris- pOSition of C 0.43 kfﬁ primary fallout tephra in the
ing more than 15 m above the pre-eruptive land lower Neuwied Basin (c. 115 kin<100 m asl.) be-

surface. Collapse of the unstable dam prior to tween c. 9 and 24 km east of LSV and abundant

the final phase of the eruption resulted in sug- Pyroclastic flows entering tributary valleys led to the
den drainage of the lake. Deposits laid down hy complete disruption of the Rhine River traversing the

the catastrophic floodwaves occur at least as far basin.

north as Bonn, more than 50 km downstream A temporary lake was dammed up, extending over c.
from Andernach. 140 knf in Neuwied Basin and the adjacent valleys

up to c. 80 m asl. and reaching more than 15 m
above the preeruptive land surface (Figs. 1, 2). Its
R sudden drainage probably caused one or several cata-
Correspondence ta.-U. Schmincke strophic floodwaves downstream. Damming and drai-
nage of the c. 0.9 kihwater occurred within several

Instantaneous overloading of the Rhine Riv
with tephra during the eruption of Laacher Se
Volcano c. 12900 aBP led to the formation of

D =

1%

Naturwissenschaften 84, 521-525 (1997) © Springer-Verlag 1997 521



?

X
)

Valleys and lowlands <100 m a.s.l.

Ash flow deposits of MLST B >1m

Lake contour at 80 m a.s.l.

Isopach of LST*

Fig. 1. Area devastated by the LSE
12,900 aBPDashed line approximate ex-
tent of the lake dammed up in Neuwied
Basin during the LSEA, major tephra
dam at bottleneck outlet of Neuwied
Basin; B, dam caused by ash flows enter-
ing the Rhine River at the mouth of Brohl
valley. Isopachs of total LST* (ash flow
deposits excluded) and areal distribution
of major ash flow deposits (MLST-B)
after Bogaard and Schmincke 1984

and Freundt and Schmincke 1986.

Black arrows radial flow and surge fans;
white arrows flow directions in tangential
paleovalleys to the N and SE of LSV,
where ash flow deposits reach their maxi-
mum cumulative thickness (>60 m).
Bottom left isopachs of distal LST fallout
depositspottom right larger present-day
cities in Neuwied Basin

Fig. 2. Three-dimensional view of the
temporary lake dammed up in Neuwied
Basin during LSE resulting from the ex-
tensive congestion of the Rhine River
with tephra and the formation of a major
dam at the narrow, bottleneck outlet of
Neuwied BasinAP, Andernacher Pforte;
LS Laacher See. The lake (0.9 Rm

water) probably extended over 140 km
and reached more than 15 m above the
preeruptive land surface. Sudden collapse
of major parts of the tephra dam probably
caused one or several gigantic floodwaves
downsteam. Larger present-day cities in
Neuwied BasinK, Koblenz;A, Ander-
nach;N, Neuwied. View from the SW;
vertical exaggeration3. (Digital data

with permission by the Landesvermes-
sungsamt Rheinland-Pfalz: Az 23668-6/97



ULST-A/B

Fig. 3. Thick tephra deposits (RLST-S) clearly reworked by fast-flow-|
ing water overlying areas occupied by dry land prior to LSE, as indi#
cated by molds of rooted trees and shrulsraws) and primary
LLST and MLST-B deposits — excellent evidence that the Rhine Riv
er was dammed up as a result of the LSE. MLST-C and ULST fallout
deposits and deposits of the ascending flood stage are eroded. TR&. 4. Significant contrast between stranded pumice R €lose to
xenolith-rich reworked deposits were sedimented during the catdake shore at 80 m asl.) consisting entirely of white LLST pumice
strophic drainage of the lake. Loc. 1; scale in centimeters and underlying primary MLST-C fallout deposits composed of a mix-
ture of pumice and xenoliths. Note change from white to gray pumice
in top section of MLST-C. The pumice raft is overlain by primary

- . o ephra sedimented during the final hydroclastic stage of the LSE
days while the eruption was still in progress. Her ULST-A/B), good evidence that the lake was dammed up and

we present a preliminary account of some of the NeWrained again while LSE was siill in progresdl ST-B Britzbank
results. A more detailed discussion will be publishednterval. Primary LLST is only partly exposed. Loc. 2; scale in centi-

elsewhere. meters

LSV is located on the higher western shoulder of the

tectonic Neuwied Basin that interrupts the steep Mid-

dle Rhine Valley between Koblenz and Andernacho the eruption of characteristic green tuff of the ter-
(Fig. 1). The terrain drops from 290-300 m asl. inminal phreatomagmatic phase (ULST-B; Bogaard et
the vicinity of LSV to c. 55 m asl. in the basin. The al. 1990; Schmincke et al. 1990). The dispersal axes
Rhine River traverses the broad basin floor in arof the major fallout fans cross Neuwied Basin, te-
east-west direction over a distance of c. 20 km. phra thickness decreasing from >10 m at Laacher
LSV erupted c. 16 krhof tephra (c. 5.3 k(hDRE of ~ See to 2—4 m within the basin (Fig. 1). Quickly re-
phonolitic magma) and c. 0.7 Khxenoliths in prob- worked tephra deposits (RLST) reach a thickness of
ably less than 24 h. The pumice and ash depositgp to 12 m between the eruptive center and the
have been subdivided into a Lower (LLST), a Mid-Rhine. We here distinguish syneruptive (RLST-S)
dle (MLST-A/B/C), and an Upper LST sequencefrom posteruptive reworked deposits (RLST-P).
(ULST-A/B; Bogaard and Schmincke, 1984, 1985;We were able to establish a correlation between pri-
Bogaard et al. 1990; Schmincke et al. 1990). Thenary LST deposits as well as most of the reworked
eruptive products are strongly zoned compositionallgleposits throughout Neuwied Basin and adjacent
from highly vesicular, phenocryst-poor white pumiceareas on both sides of the Rhine, allowing a detailed
erupted during LLST to vesicle-poor, crystal-richreconstruction of the volcanic events and major flood
gray pumice erupted during MLST-C and ULST phases. Thick tephra deposits clearly reworked by
(Worner and Schmincke 1984). A major break thafast-flowing water overlie areas occupied by dry land
may have lasted days to weeks occurred at the ermtior to LSE — excellent evidence that the Rhine Riv-
of the upper main hydroclastic stage (ULST-A) priorer was dammed up as a result of the eruption
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Fig. 5. Reworked LST (white pumice,
dark xenoliths/gray pumice) mixed with
Rhine sandlight-gray) deposited by the
braided river system established in Neu-
wied Basin after the total drainage of the
lake. Admixture of sand is indicative of
the reincision of the Rhine River through
more than 4 m of primary and reworked
LST even into the preeruptive valley fill
during lake drainage and braided river
phase. The heigh of the photograph is
75cm

(Fig. 3). We think that the first major congestion of deposits as stranded pumice rafts originally floating
the Rhine occurred after pyroclastic flows of MLST-on top of an extensive water body — clear evidence
B had entered the Rhine valley at the mouth of theéhat a temporary lake had formed in Neuwied Basin
Brohlbach 6.5 km downstream of the outlet of Neu-as a result of rapid tephra sedimentation and dam
wied Basin (Fig. 1). Flooding must have immedi-formation. Judging from the fact that the deposits
ately affected large parts of the lower Neuwied Basirshow similar thicknesses (up to c. 40 cm) and sedi-
due to the low relief and the extensive overloadingnentary characteristics irrespective of the deposi-
of stream channels by fallout tephra. Thick depositsional environment and topographic elevation, large
in the basal part of the fluvially reworked sectionareas of the lake surface probably were covered by a
showing a very incomplete separation of pumice anthick continuous sheet of floating pumice. The pu-
xenoliths indicate that the rising flood almost chokedmice rafts were stranded when the lake was catastro-
in its own sediment during the early stage of flood-phically drained. We found pumice raft deposits at
ing, when the water level was only slightly higher80 m asl., indicating that the water level of the lake
than the primary tephra thickness. Huge quantities ovas at least as high. At places the lake must there-
tephra were transported towards the narrow, bottldere have reached more than 15 m above the pre-
neck outlet of Neuwied Basin north of Andernacheruptive land surface, filling the entire lower Neu-
(Andernacher Pforte) leading to total congestion ofvied Basin and reaching far into tributary valleys —
the Rhine and formation of a major dam (Figs. 1, 2).probably also upstream into the Upper Middle Rhine
We found gray pumice clasts in the very base of thend Moselle Valleys (Fig. 1). The dammed up water
fluvially reworked LST throughout the lower Neu- volume must have amounted to at least 0.9 kand
wied Basin. This suggests that major dam formatiomould have been accumulated by the Rhine River
and associated increased flooding occurred after thend its tributaries in c. 4.5 days given the recent dis-
onset of the fallout of gray pumice clasts. Dammingcharge for late spring, the likely season of the erup-
therefore probably coincided with the maximumtion (Schweitzer 1958; Bittmann personal communi-
mass eruption rates near the end of the major Pliniacation). The actual damming of the lake may have
phase (MLST-C) of LSE characterized by the coarlasted up to twice as long because the dam was
sest fallout deposits. likely not completely sealed.

At many localities, especially in the eastern NeuwiedMNe interpret pronounced channel erosion on the low-
Basin, we found a characteristic bed entirely free o&r basin floor cutting through more than 4 m of pri-
xenoliths and consisting only of highly buoyantmary and reworked LST even into pre-LST valley
white pumice clasts of unequivocal LLST composi-fill as indicating a catastrophic drainage of the lake.
tion (Fig. 4). We interpret these deposits overlyingThis may have resulted from the sudden collapse of
either primary ULST-A or fluvially reworked LST major parts of the dam perhaps triggered by earth-
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guakes and air shocks accompanying the powerfuludging from the eruptive history of two older pho-
late stage phreatomagmatic explosions (ULST-Apolitic volcanoes in the East Eifel volcanic field,
which, according to Schmincke et al. (1973), werd.SV might erupt again (Schmincke et al. 1990). Giv-
caused by ground water influx into the partly col-en the prevalance of westerly winds, the fallout dis-
lapsed magma reservoir. One or several surge-likegibution pattern of a future eruption is likely to re-
floodwaves charged with large amounts of LST mussemble that of the Alleroed eruption. The Laacher
have abruptly passed from Neuwied Basin into thé&ee crater is now filled by a large lake. Recurrence
narrow Lower Middle Rhine Valley. We found sev- of a major eruption of LSV would no doubt generate
eral outcrops of fluvially reworked LST more than phreatomagmatic explosions more powerful than
50 km downstream of Andernach as far north ashose 12,900 years ago and would pose a major haz-
Bonn that we interpret as floodwave deposits resultard and risk to the densely populated and highly in-
ing from catastrophic lake drainage. dustrialized lowland of Neuwied Basin.

The erosional channels in Neuwied Basin were re-

filled with deposits that indicate high flow velocities

_and most prObab_Iy were ,lald down durmg the WanWe thank R. Gaupp, E. @Gn A. Ikinger, and W. Schirmer for discus-
ing phase of drainage (Fig. 3). In the lower sectionsions during field trips and E.W. Hildreth for valuable comments on
the channel fill consists entirely of reworked LST,the manuscript. Our studies were supported by grants (Schm 250/59,
extremely enrlched |n Xenollths Admlxture of a”u_ 47-1) from the I?eutsche Forschungs__gemeinschaft in the priority re-
vial components (pebbles and Rhine sand) appeaf&ch program "Wandel der Geo-Biospha
only in the upper section, indicating complete drai-

nage of the lake and channel incision into pre-LST , .
valley fill Bogaard PVD, Schmincke H-U (1984) The eruptive center of the late
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. . ogical significance. Earth Planet Sci Lett 133:163-174
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(Fig. 5).
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