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Lake Pavin Paleolimnology and Event 23
Stratigraphy

Léo Chassiot, Emmanuel Chapron, Yannick Miras,
Markus J. Schwab, Patrick Albéric, Aude Beauger,
Anne-Lise Develle, Fabien Arnaud, Patrick Lajeunesse ,
Renata Zocatelli, Sylvain Bernard ,

Anne-Catherine Lehours, and Didier Jézéquel

Abstract

In this chapter we present an up-to-date database of sedimentary sequences retrieved from
Lake Pavin during the last 50 years in both oxic and anoxic waters. The detailed history of
this mid Holocene crater lake can be reconstructed from the correlation of radiocarbon
dated sedimentary sequences retrieved from the deep central basin, a subaquatic plateau and
littoral environments. High-resolution measurements of sediment composition (diffuse
spectral reBctance, XRF core scanning) combined with the analysis of organic matter
composition and preliminary pollen and diatom assemblages investigations on selected
sediment cores are used to reconstruct (i) the evolution since ca. 7000 cal BP of Lake Pavin
limnology together with its radiocarbon reservoir effect and (ii) the impact of a wide range

of subaquatic slope failure events. Such a multidisciplinary approach of Lake Pavin basin
Pll revealed contrasted sedimentation patterns just after the volcanic eruption and following
the development of a dense vegetation cover along the slopes of the crater. Pavin sedimenta-
tion is rapidly and largely dominated by organic rich andliplaminated diatomite forma-

tion, but several short periods of enhanced mineral inputs mighttréite inRience of

wetter periods, such as the Little Ice Age. Over the last millennium two large subaquatic
mass wasting events are also ideadilrnd may have sigrdently impacted its limnology.
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Radiocarbon dated long sediment cores recently col-
lected in Lake Pavin (Fig23.1) provide new insights on
dominating sedimentary processes imaar lake and envi-
ronmental history of this mid latitude volcanic region of
Western Europe largely exposed to the climatiagrite of
the Atlantic Ocean (Stebich et 2005 Schettler et aR007).

23.2  SpecibSetting of Lake Pavin

The outlet of the lake is deeply incised into the northern
walls of the crater rim (Chapron et 2010 and connected

to the Couze Pavin, a tributary of the Allier River in the
drainage basin of the Loire River (Fig®.1and23.1). The
topographic drainage basin of Lake Pavin is presently
densely covered by mixed deciduous/coniferous forest (Fig.
23.1) compared to nearby environments in this mid altitude
region where the vegetation cover has been deeply affected
by human activities (and particularly agropastoralism) since
the Roman period and the Middle Age (Stebich e2@05
Miras et al.2004 Lavrieux et al2013).

1996 Thouveny et al1994 Oldkeld 1996 Ariztegui This Lake Pavin region is characterized by an oceanic-
et al. 200L Brauer et al.1999 Caballero et al2006 montane climate (Stebich et 2005 Schettler et al2007)
Augustinus et al2012 Zolitschka et al2013) but little is with signikcant annual thermal amplitude (between <5 and
known about the triggering factors of gravity reworking ph@0 iC, mean annual temperature of 6.5 jC) and precipita-
nomena and related natural hazards (Giresse d98l;, tions (mean annual value between 1600 and 1700 mm).
Truze and Keltd 993 Bacon et al2002 Bani et al.2009 Because of the morphology of tgater rim , Lake Pavin is
Zolitschka et al.2013. There is particularly a need toprotected from regional winds, and is poorly exposed to sun-
improve our understanding of subaquatic slope stabilitidight. It is thus usually frozen during winter months while its
since maar basins are frequently characterized by stedpinage basin is frequently snow covered.
slopes, a conical morphology and no largein8 (Chap22, Another key feature of Lake Pavin is the occurrence of
this volume). Maar bassins thus constitute peculiar enviramderwater springs that provide oxygenated waters at around
ments to investigate the impact of sub-aquatic landslide§§) m water depth within the lake (Bonhomme et2éll];
and the possible generation of violent waves or crat&zZquel et @011 AlbZric et al2013 Fig.22.2), matching
outburst(s). In aneromictic maar lake such as Lake Pavinthe boundary between thmonimolimnion and themixo-

(or Lake Nyos, Cameroon) where the development of a parnion (Fig. 22.10. Not far from the subaerial outlet
manent anoxic deep water body (neonimolimnion) can (occurring at 1197 m altitude), a subaquatic outlet has also
favor high concentrations of biogenic and mantle-derivé@en identied between 12 and 26 m water depths on multi-
gases (such as G@nd CH, Camus et all993 Aeschbach- beam bathymetric data. As summarized in E&y1and fur-
Hertig et al.1999 AlbZric et al2013, an additional natural ther detailed in Cha®2 (this volume), the isobath «26 m
hazard may also be related to deep water degassingii.e. also matches the boundary between a littoral sedimentary
nic eruption, cf. Sigurdsson et @987 Schmid et al2005 environment contrasting with the accumulation of in situ
Caracausi et aR009 Mott and Wood2010). diatomite on the gentle slopes of a subaquatic plateau
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Fig. 23.1 General location of Lake Pavin in the
French Massif Centralipper right panéland

detailed location of Lake Pavin key sediment cores
discussed in the texténtral pane). Present day
vegetation cover of Lake Pavin drainage basin is also
indicated. The multibeam bathymetric map and the
grid of 12 kHzseismic re@ction proles (vhite

dotted liney and the 3.5 kHz seismic reion

proHe (black dotted linesused together with

gravity, piston and freeze cores to identify four main
sedimentary environments from the littoral to the
deep central basin are also indicated an further
presented in Chaj22 (this volume). The location of
the 12 kHz seismic prdoeillustrated in Fig23.3is
also given thick white ling. The general location of
Lake Aydat (1), Lake Blanc Huez (2) and Lake Le
Bourget (3) discussed in the text is also given

discussed the age of Lake Pavin and suggested very low sedi-
mentation rates. In the early 0900, Martin et9812)(pub-
lished, however, much higher recent accumulation rates on
the plateau by 48 m water depths (between 1 and 4 mm/year)

22.5 and 22.10. Finally, a 92 m deepdb central basin and in the deep central basin (between 0.8 and 7 mm/year) of

characterized by gas-rich sediments dominatedlibjo-

Lake Pavin based on short gravity cores sampled at site and

mites is draining steep slopes and numerous active canyamupling radionuclide dating*Pb,??Ra) with cosmogenic
Such a specibhydrological and geomorphological conisotope measurement8gi) on sediments.

text of Lake Pavin has to be taken into consideration whenHigh sedimentation rates (ranging between 1 and 3.4 mm/

reconstructing the evolution of its limnology and surrounglear over the last 700 years) were coné&d latter by Stebich

ing environments over several millennia.

23.3 Lake Pavin Sedimentary Sequences

23.3.1 Sediment Cores and Sedimentation

Rates

et al. 005 and Schetller et al2007) in the deep central
basin of Lake Pavin based on sediment annual laminations
(i.e. varves) counting with a microscope from sediment
microscopicthin-section sub sampled on a 182 cm long
gravity core (PAV 1D3) retrieved in 1999 and on a 198 cm
long freeze-core (FC1) retrieved in 2001 (E8.1). Freeze-
core technology (Kulbe and Niederreigfl03 was here par-
ticularly adapted to retrieve a well-preserved sedimentary

First short cores (<1 m long) collected in Lake Pavin wesequence in suchne-grained and gas rich lacustrine depos-
realized at the end of the 0600 by divers in littoral enviitnaccumulated in the deep and cold waters. These condi-
ments and these sediment cores were sampled at site. Bses in Lake Pavin are indeed favoring gas expansion when
on bulk sediment radiocarbon dates, Delibrias etl@i73 a sediment core is taken out of the lake.
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23.1and23.2 documentradiocarbon reservoir effect within themoni-

was collected in 1999 by the GFZ Potsdam in the deep carlimnion in core PAV09-B1.
tral basin of Lake Pavin from an UWITEC coring platform During summer 2012, a 14 m long piston core (PAV12,
using a 3 m long UWITEC piston corer. An 11 m long syfirigs.23.1and23.2) was mally retrieved by EDYTEM and
thetic core lithology has then been established based onlhKSE laboratories from the center of the lake at the same
correlation of overlapping split core sections retrieved latation than core PAV09-B1 (45i29.740N/2i53.280E). Up
nearby locations. The study of thissblong core from Lake to eleven samples of leaves debris and two samples of bulk
Pavin has not yet been published, because (i) of the bad gsediment were recently dated AS radiocarbon (Table
ity of sediment piston cores (due to sediment expansion28/1) in order to establish an age-depth model and to conduct
degasing) precluding the generation of good qudhiy a multi proxy study of contrasted sedimentary facies and
sectionsandvarve counting, (i) a complex succession o$uccessiveedimentary eventsas detailed below.
contrasted lithologies and (iii) a limited number of organic
macro-remains found on split core sections suitablafé®
radiocarbon dating technics (Tab3.1). 23.3.2 Sedimentary Records

The apparent contradiction between low sedimentation Within the Mixolimnion
rates estimated by Delibrias et &l972 and higher ones
identibed by Martin et al. (992 also supported byarve As shown in Fig23.1and further described in Ch&?® (this
counting over several centuries (Stebich @05 Schetller issue), two main sedimentary environments are idedtip
et al. 2007), has only recently been explained by AlbZriselow the lake Bor onseismic refection proHes and sedi-
et al. 013. This recent study ident#d an organicadio- ment cores in Lake Pavin within itsixolimnion:
carbon reservoir effect (ca. 2500 yrs) in Lake Pavin linked
to its meromicticity comparindAMS radiocarbon ages (i) a littoral environment (extending from the shore lines to
from different organic carbon pools in the lake waters, the 26 m isobath) characterized by a transparents-
together withAMS radiocarbon agesfrom bulk samples of tic facies and a massive brownisledimentary facies
organic rich lacustrine sediments and organic macro remains with some sandy layers and frequent leave debris as
(leaves) from PAVO0S8 piston core (Tal#8.1). Based on this illustrated in cores PAV09-C5 and in the upper part of
study, aradiocarbon reservoir effect is clearly identiled PAV10-E in Fig.23.2and,
over the last 1300 years at least, but is only suspected éidin situ diatomite deposits between ca. 26 m and 55 m
modeled earlier because no organic macro remains werewater depth on the subaquatic plateau developed in the
found at the base of PAV08 and could be compared to radio- northern part of the lake (Fi@3.1). These lacustrine
carbon ages of bulk sediment samples. sediments are characterized by a faintly steatdzous-

PAV08 coring site is including short core PAV08-P1 pre- tic facieswith few low amplitude continuousf3ections
sented in Cha@2 (this volume) and is up to ca. 5 m long (Fig. 23.3 and a Ipely laminatedsedimentary facies
(Fig. 23.2. It was collected in 2008 by EDYTEM and ISTO  developing brownish and greenish laminas rich in dia-
laboratories on the subaquatic plateau by 46 m water depthtoms as illustrated in PAV08 piston core (Chapron et al.
(Figs. 23.1 and 23.3 from an UWITEC coring platform 2010 and in the lower part of PAV10-E short core (Fig.
using either a 3 m or a 2 m long UWITEC piston corer as 22.8).
detailed in Chapron et al.2Q10. This coring site
(45i29.860N/2i53.240E) was selected withimmielim- The signature of these littoral sediments (Rig.9 and
nion of Lake Pavin based on multibeam bathymetric adéhtomite sediments (Fi@3.4), measured bgpectral dif-
seismic re@ction data (Fig.23.3 and Chap.22, this fuse refectance(SDR),magnetic susceptibility (MS) and
volume). Rock-Eval (RE)pyrolysis allows further characterizing the

Short gravity cores PAV10-E, PAV09-C5, and PAV09-Bdifferent sedimentary units documented by Chapron et al.
were in addition retrieved by 17.5 m, 20 m and 92 m wai{@010 in core PAV08. While SDR and MS measurements
depth, respectively (Chap@2, this volume). As shown in are considered as good indicators of sediment composition
Fig. 23.2 and Table23.1 two leave debris were dated byDebret et al2010, RE pyrolisis is documenting organic
AMS radiocarbon from core PAV09-C5 (Chapron et almatter geochemistry by the quard#tion of total organic
2012, and also both leave debris and bulk sediment sararbon (TOC)hydrogenindex (HI) andoxygenindex (Ol)
ples from three different horizons in core PAV09-Bas detailed in Behar et aq01) and used to precise the ori-
(AlbZric et al.2013). These radiocarbon ages allowed dagin (terrestrial or lacustrine) of sedimentary organic matter
ing two major sedimentary evens in core PAV09-C5 in lacustrine environments as illustrated by Simonneau et al.
retrieved in a littoral environment (see Cha&g®) and to (201332014 and Schettler and AlbZri2q08).
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Fig. 23.3 Lake Pavin high-resolution seismic esfion
proHes illustrating the development of contrasted

acoustic facies above the subaquatic plateau formed by zom
the Pavin crater formation. In the central basin, gas
content in the sediment is preventing any penetration of
the acoustic signal. In this part of the lake, the balin b . " -30m z0m
is thus only documented by sediment cores (PAV09-B1 erosion surtace
and PAV12). The location of shallower core PAV0S is in situ diatomite
also indicated and allow a detail calibration of several
acoustic facies associated with in situ deposits slump deposit  -40m PAVO08
(diatomites) and reworked sediments (ca.AD 600 slump (ca. AD 600) S
deposit and ca. AD130f)ide sca). The location of each PAVOS &f#\
seismic section is given in Fig3.1 Q&
-50m ,g?} -60m
slide scar ‘\i‘é Pavin crater
(ca. AD 1300) Q@ formation §
g

PAV09-B1 PAV12 -9om
100 m

gas rich sediments

Based on these high resolution measurements of sediment
color and organic matter composition in PAV0S, it is in addi-
tion possible to distinguish the intercalation of several con-
trasted layers within thes#iatomites accumulated on the
plateau (Tabl@3.2). Sedimentary eventl (E1 in Fig22.8
is a 2 cm thick light colored (higher L* values) layer identi-
Ped at 5 cm core depth associated with an abrupt drop in

2011, Simonneau et aR014). TOC values between 5 andrfOC and HI valuesSedimentary event4 (E4 in Figs22.8

8% in littoral sediments are in addition generally slightlgnd23.4) is a thicker (up to 6.5 cm thick) and very similar

lower than the ones from tldgatomites oscillating between layer (with lower TOC and HI values) easily visible on

8 and 10 %. digital pictures between 17 cm and 23.5 cm core depth (Fig.
In a former study, Chapron et aR0(L0 identikFed two 22.8. Sedimentary event6 (E6 in Fig.23.4) is a 340 cm

distinctdiatomite units in core PAV08 based on theedi- thick dark brown layer (lower L* and b* values) rich in leave

mentary facies This distinction is further comimed here by debris identiled between 97 cm and 439 cm core depth.

sediment measurements on core PAV08 clearly showing thaike E1 and E4, E6 was previously documented in PAV08

occurrence of (Fig23.4): and on seismic prdes (Chapron et ak01Q 2012. This
thick sedimentary event is developing a transparent to cha-

b an uppediatomite unit (from the lake @or interface to otic acoustic facies(Fig.23.3) and is identied above most
97 cm core depth) characterized by increasing TOC ldfitthe plateau (Fig22.5. The remarkable variability of L*,
decreasing HI values, and higher values of L* and b* (ile*, TOC and HI values within E6, together witliduating
CIELab values of sediment re@tance, with L* parame- sediment density, availableMS radiocarbon dates (Table
ter measuring sediment brightness, and b* parame28cl) and its acoustic facies are indicating that this layer is a
measuring sediment color variations from blue to yellowslump deposit following the classibation of Mulder and
cf. Debret et al2011); Cochonat 1996). This subaquatislump depositis remold-

b a lowerdiatomite unit (from 439 cm to 476 cm coreing a mixture of lacustrine and terrestrial material and is
depth) characterized by lower TOC values (around 8%gapped by a remarkable accumulation of numerous leaves
higher HI (around 400 mg HC/g TOC) and darker sedind leave debris that were dated to 1290 +/+‘85Before
ments (lower L* and b* values). Present (BP) bAMS radiocarbon (Table23.1).

Two sedimentary events(E 5 and E6) are also idergip
within a littoral environment in core PAV09-C5 (FRR.9): E
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Fig. 23.4 Multi-proxies analyses on core PAV08) (and associated dashed linesepresent respectively a moving average and the mean.
age-depth model of the upper unfit) (with calibration results with Sedimentary events E1, E4 and E6 discussed in the text are highlighted
IntCall3 (Reimer et aR013. For continuous measuremeritsck and by grey bars
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Table 23.2Ages and thicknesses of sedimentary events idehiibLake Pavin sediment cores and possible associated historical earthquakes in
the study area reported by Sisfrance data base from the French Geological Survey (BRGM)

Lake Pavin Regional Seismicity
Likelihood a
Historical MSK scale | Distance Type of event seismic
Event Core Thickness Age Cal ABearthquake intensity from Pavin | recorded in lakes | triggering
El PAV08-P1 2cm 1915 +/+5 | La Bourboule | 4.5 15 km High
1921
E2 PAV09-B1 2cm 1880 +/¢ 70 Mont-Dore 5 11 km Slump in Lake Very high
1863 GuZry (1)
Issoire 1892 7 30 km
E3 PAV09-B1 2cm 1840 +/+ 80 Chambon-sur-| 5.5 9 km High
lac 1844
Blesle 1833 7 30 km
Issoire 1833 6 30 km
E4 PAV09-B1 lcm 1775 +/+ 90 Lepaud 1783 ?? ?? Limnic eruption kfigh
PAVO8 6.5 cm 1700 +/» 15 Mainsat 1783 ?? ?? Lake Pavin ?
E5 PAV12 420 cm 1300 +/¢50 Uzerche 1348 ?? ?? Slumps in Lakebligh
PAV99 510 cm 2? GuZry and
PAV09-C5 | 1cm 1100 +/+30 Limousin | 22 27 Montcineyre (1,2)
plateau 1233
E6 PAV08 340 cm 620 +/ 20 | No information Moderate
PAV09-C5 lcm 660 +/+ 50

Also indicated is the type of contemporaneous mass wasting deposits documented in nearby lakes and further detaileskidi) éh &Hin
prep.) and (2) in Chapron et @012, as discussed in the text

855 +/» 151“C BP and 1355 +/ 3%'C BP, respectively.

(2013 and the depth of radiocarbon samples. Considering
that thesesedimentary eventswere rapidly deposited, in
such age-depth model, the core depths should be, however,
2012. As shown in Tabl23.1, leave corrected from the thicknesses of eaeldimentary events
debris from E5 and E6 were dated AyIS radiocarbon to Figure23.4B illustrates such PAV08 age-depth model based

on the linear interpolation of two available dates in the upper

Using the IntCall3 radiocarbon calibration curve fromiiatomite unit using the CLAM software (Blaaw@10).
Reimer et al. 2013, AMS radiocarbon ages“C BP can be One radiocarbon age being too old was found within EA4.
accurately calibrated and converted in year cal BP or cal Because this sample was likely reworked from the catchment
(Anno Domini, i.e. calendar year). This exercise is giving singrea it canOt be used to construct the age-depth model. Figure
lar calibrated ages for E6 in core PAVO8 (cal AD 717 +/» 3@3.4, illustrate thus the new age-depth model of the upper
and in core PAV09-C5 (cal AD 663 +/ 18). Based on theitiatomite unit in PAV0O8 and allows dating E1 to cal AD
similar age clustering around AD 680, striking sediment layer815 +/¢5 and E4 to cal AD 1700 +/+15 (Tabl@8.1 and
identiked within Lake Pavin littoral environment (at 18 cm i23.2).
core PAV09-C5) and betweelmtomite deposits (from 97 cm At the base of PAV08, between 476 cm and 509 cm core
to 439 cm in core PAV08) can be correlated and linked talepth, a light grey to brownish gravels and pebbles in a
single sedimentary event(E6). This event E6 has differenttoarse sand and silty matrix were sampled and analyzed
sedimentary signatures in shallower and deeper parts of the (@&apron et al2010. Within this coarse-grained sedimen-
teau, suggesting that such subaquatic sediment slumping atang facies, ca. 40% in clast number consists of crystalline
the plateau was probably safently large and fast to generateocks, ca. 30 % of various trachyandesiticas, while the
erosive waves along the shore lines of Lake Pavin and to devedgb is made of basaltic lookitayas and of variously vesic-
at site PAV09-C5 a coarse grained layer rich in terrestrial organiiar yellowishpumices. Thissedimentary facieshas been

macro remains by 20 m water depth (Chapron 204aD).

related to the Pavin crater material developingrigser rim

No organic macro remains were found on top of E1 aadd to theacoustic substratumon seismic re€ction pro-
E4 in core PAVO0S8, but it is possible to estimate their ageles. A sample of bulk organic richatomite sediments at
based on the establishment of an age-depth model ugiii§b479 cm core depth just above the Pavin crater material
calibratedAMS radiocarbon date following Reimer et al. has been dated b§MS radiocarbon and gave an age of
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the organic fraction of Lake Pavifiatomites in the deep
23.1). Because this age of lacustrine sediment is vargntral basin. This is further supported by Scanning Electron
close to the age of Paviephra layers found in regional Microscopy (SEM) images of selected samples from PAV12
outcrops and peat deposits (Ch@pthis volume), it suggest (Fig. 23.7) illustrating the predominance of diatoms frustules
that the onset of lacustrine sedimentation in Pavin starswl cysts more or less well-preserved within Lake Pavin
very quickly after the crater formation at site PAV08, withosediments.
any signiteantradiocarbon reservoir effect (AlbZric et al. In order to further document PAV12 sediment geochemis-
2013. try and provenance, X-rayuBrescence (XRF) measure-
ments were performed on an Avaatech core scanner at
EDYTEM laboratory every 5 millimeters with a Rhodium
23.3.3 Sedimentary Records tube source. The settings were adjusted to 10 kV and 0.75
Within the Monimolimnion mA with an acquisition time of 20 seconds in order to mea-
sure Al to Fe relative intensities. Titanium (Ti) is for example
All the sediment cores within thmonimolimnion in Lake an element relatively easy to measure and frequently used to
Pavin were collected in the deep central basin @3dl) and track the evolution of clastic sediment supply in lacustrine
are dominated by rrely laminateddiatomites (Fig. 23.2). basins (cf. Arnaud et @012). Figure23.5and23.8gener-
Within both long piston cores PAV99 and PAV12, two dislly illustrate low Ti content in PAV12 laminateihtomites
tinct diatomite units can be identd® within the two kst and thus low clastic supply from Pavin catchment area, but
meters below the lakeo®r (upperdiatomite unit), and several Ti peaks are however punctually idesdiFalthough
above ca. 1050 cm core depth were a coarse grained greyiakimum values in Ti are found in the light grey basal facies
unit characterizes the base of these piston cores4®ig. further detailed below.
This lowerdiatomite unit is ca. 3 m thick in PAV99 (between Locally, severalsedimentary eventscharacterized by
730 and 1045 cm core depth), but up to ca. 4 m thickviery high values of MS are also contrasting in core PAV09-B1
PAV12 (between 626 and 1046 cm core depth). with the low MS values associated widfatomites in the
The sedimentary faciesand SDR measurements withimpper unit (see E2, E3 and E4 in F28.8. Thesesedimen-
thesediatomites from the deep central basin are roughhlary events are, however, probably very punctual because
similar to the ones from the plateau (Fig2.8 23.4 and they were not documented within the upper meters of other
23.5. RE analyses are however more variable, and generatlyes PAV99 (Stebich et &005, FC1 (Schettler et &2007)
showing lower TOC (up to 6%) and IH (down to 200 mand PAV12 (this study).
HC/g TOC) values within the upper meters, while the lower A major sedimentary event (E5) is on the contrary
unit has higher TOC (up to 18 %) and IH (oscillating arourntkarly identiked in between the upper and lovdétomite
500 mg HC/g TOC) values. Figu&8.6 is illustrating the units in both piston cores PAV99 and PAV12 (FRx2and
stratigraphic correlation of available sediment cores from tB8.5). In both cores thisedimentary eventis characterized
central basin of Lake Pavin and the age-depth model estapa different thickness (up to ca. 510 cm thick in PAV99, but
lished for PAV12 using the CLAM software (Blaa@010 ca. 420 cm thick in PAV12) and a complex succession of
based (i) on calibratedMS radiocarbon dates on terres-contrasted lithological units.
trial organic macro remains found in PAV99, PAV09-B1 and In PAV99, the base of E5 consist in highly deforrded-
PAV12 (see Tabl@3.1 and applying the calibration curveomites were laminations are still visible (between ca. 730
from Reimer et al2013 and (ii) on varve counting in theand 650 cm core depth and between ca. 535 and 510 core
upperdiatomite unit by Schettler et al2007) preformed on depth). This deformed laminated facies is locally interrupted
freeze core FC1. Thisgare shows that the uppgiatomite (i) by a massive dark brownish facies (ca. 18 cm thick) show-
unit contains several reworked organic material witch werg a sharp base around 715 cm core depth and (ii) by a mas-
not used for the age-depth model, while only one radiocaive brownish facies (between ca. 650 and 535 cm core
bon date has been removed in the lodietomite unit to depth) were laminations are generally destroyed or mixed
build up its chronology. and locally associated with some gravels and pebbles.
RE analysis (TOC and HI, Fig3.5 from PAV12 sedi- Between 510 and 325 cm core depth, a similar massive
ments are very different from the values obtained in cdseownish facies with destroyed laminations and some grav-
CHA13-7B retrieved in nearby Lake Chauvet central basis and pebbles is again idemtbtogether with few organic
(Fig. 22.17). Based on the studies of Ariztegui et aD@1), macro remains (leave debris) suitableAMS radiocarbon
Behar et al.Z001) and Simonneau et aR({133, the organic dating (Table23.1). Above 325 cm core depth, a sharp based
matter in PAV12 samples are effectively essentially madesafndy layer ca. 4 cm thick, quickly evolves into a massive
algae, and only few macro remains of terrestrial organic mgteenish facies ending at around 220 cm core depth, just
ter (leaves and leaves debris) seems therefore to charactéerawv the upper diatomite unit (F23.2).
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Fig. 23.5 Detailed multi-proxies analyses performed on core PAV1Rock-Eval 6 analyses. Ti content and Fe/Mn where measured by X-Ray
Grey squaregsepresent reworked material. L* and b* are parametdrtuorescenceRed squareseport samples for SEM images presented in
derived from spectrophotometric analyses. The spectral map shstws Eig. 23.8 Black arrowsare highlighting turbidites intercalated within
derivatives relative intensities with d445 and d525 used as proxiedasfinated sediments (basal unit) or above a major Mass-Wasting
iron oxides. Percent TOC and Hydrogen Index (HI) are provided bgposit (E5)

As shown in Fig.23.6 and detailed in Chapron et al.
(2010, the top of E5 is dated to ca. 700 cal BP (ca. AD 1300)
based on the extrapolationarve counting from FC1 per-
formed by Schettler et al2Q07). This chronology is now
23.5. further supported by the age of two leaves debris from
Between ca. 543 and 309 cm core depth, a massive d&\09-B1 and PAV12 collected within the uppmbatomite
brownish facies rich in organic macro remains (leave debriagies. Organic macro remains found within E5 either in
occurs and is associated witbdduating and lower values ofPAV99 or PAV12 (Tabl@3.1) are, in addition, systematically
L* and b* parameters. A sharp based sandy layer isdlder and not in stratigraphic order. Together with the above
addition observed between 540 and 536 cm core deptientioned contrasted lithological descriptions within E5 and
Between ca. 308 and 265 cm core depth another facies nmtadeoccurrence of erosional surfaces within E5, these speci-
of deformeddiatomites (were some laminations are still visbcities imply that E5 is a major reworked deposit. According
ible) is locally interrupted by an erosive horizon rich ito the youngest age found at the top of the lahatomite
leaves debris. Above this contrasted facies, a massive gremit-below E5 in PAV12 (ca. AD 300), it is also clear that this
ish facies occurs between 265 and 207 cm core depth jagje event E5 has been erosive and probably remolded some
below the uppediatomite unit (Fig.23.5 and is character- of the previously depositediatomites in the deep central
ized by a gradual increase of b* and higher content in gtsin. This is further supported by the different thickness of
thite as reBcted by 445 and 525 nmgbderivative values. preserveddiatomites below E5 within PAV99 and PAV12.
Based on these arguments and following the claasitn of
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Fig. 23.6 Age depth model of core PAV12 based on AMS radiocarb@010. Varves counting established on a twin core retrieved from deep
ages from organic macro remains using the Intcal09 calibration cubasin of Lake Pavin (Schettler et &007) is supported by two radio-
from Reimer et al.2013), the identikeation of reworked deposits inter-carbon dates (one from PAV09-B1 and one from PAVG2¢y squares
calated within the central basitl Bnd the application of a spline inter-correspond to reworked material associated with sedimentary events as
polation between the dating points using the CLAM software (Blaawiscussed in the text

1996), E5 can be subdivided in twosediments within the water column, before massive settling
successive mass wasting deposits: i),/ pluri-metric and occurred in the deep central basin of this maar lake.
erosive slump deposit remolding more or less deformed Coarser but similaturbidite deposits are also idengie
lacustrine sediments, and (ii) secondly, a pluri-decimetiit the basal grey unit retrieved in both piston cores from
greenish and e grainedurbidite . Thisturbidite is bear- Lake Pavin central basin (Fi@8.2 and23.5). These light-
ing a well-preserved and normally graded sandy basegetyish turbidites are characterized by pluri-centrimetric
325 cm below the lakeddr in PAV99, but is essentiallythick sandy bases bearing some few gravel particles
made of a similar greenish and massime{grained sequencecomposed of similar volcanic materials than the Pavin crater
on both piston cores. Tls&ump deposit and thisie-grained formation retrieved at the base of PAV08. While PAV99 only
turbidite sequence are also clearly thinner in PAV12 thandontains one singleirbidite between ca. 1050 and 1100 cm
PAV99, suggesting that the latter piston core is localized ic@e depth, up to three similturbidites are found at the
more proximal position than PAV12 from this mass wastirmase of PAV12. Their coarse-grained sandy bases are capped
event E5. A classicalring upward pattern within thene- by a bning upward sequence that is centimetric to decimetric
grained turbiditic sequence retrieved in PAV12 is nicelg thickness, he-grained and systematically characterized
illustrated by increasing b* values (Fig3.5. This is sug- by progressively increasing b* values. In PAV12, thiese
gesting that this large and erosive mass wasting event rebidites are intercalated in betweemdty laminated and
bilized and re-suspended a sigralnt volume of lacustrine light-grey colored sediments (high L* and b* values) that are

bearing low TOC and high Ti values (Fi23.5). It is also

emmanuel.chapron@univ-tlse2.fr



23 Pavin Paleolimnology
Organic upper unit

Chrysophyceae cysts >~

Aulacoseira subarctica >
Stephanodiscus parvus >
& S. minutulus

Organic lower unit

Body scale of Chrysophyceae

Fragments of Nitzschia paleacea

Mineral basal unit

Chrysophyceae cysts

Nitzschia paleacea >
Stephanodiscus parvus >
& S. minutulus
Asterionella formosa

Fig. 23.7 Scanning Electron Microscopy images for PAV12 sampéesgquaresn Fig.23.5) reffecting changes in diatoms assemblages inside
the organic upper and lower units and the mineral basal unit

rich diatomite accumulation is synchronous throughout the

lake and, like in PAV08, occurring around 7000 cal BP, it

23.7) as further seems very likely that this mineral unit developed shortly
detailed below. after the Pavin eruption, in a recently formed maar lake. As a
The chronology at the base of PAV12 is still poorly comvorking hypothesis, to establish the lower boundary of the

strained because no organic macro remains were foundaige-depth model in PAV12 with the CLAM software, one

between these light gretyrbidites or at the base of themay thus use the calibrateaidiocarbon age of bulk sedi-

lower diatomite unit. Assuming that the onset of organiment retrieved just above the Pavin crater formation in
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