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Reconstruction of Burial Process of Roman Villa on
the Northern Flank of Mt. Vesuvius, Italy: insights from
laharic deposits of the 472 eruption newly discovered
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Abstract

Burial process of Roman Villa on the northern flank of Mt. Vesuvius, Italy, was reconstructed
based on sedimentation processes of laharic deposits newly discovered during 2006-2008 for the
extended excavation site in NE to E parts of the Roman Villa. The laharic deposits are distributed
on the lower level of the excavation site. The deposits are divided into four subunits, G1-MfL1, G1-
DfL1, G1-MfL2, G1-DfL2, based on their sedimentary facies (Mf and Df facies). Mf is characterized by
massive and matrix-supported facies, indicating en masse deposition from a laminar flow process,
and Df is characterized by stratified and clast supported facies, indicating grain-by-grain aggrada-
tion from suspension or traction process. These different types of facies are partially transitional
and attributed to variations of sediment/water ratio and internal stress condition inside flows, and
may be resulted from an evolutional process, like a flow transformation, of a single debris flow.
These laharic deposits directly overlie pyroclastic fallout deposits (G1-Af) in the initial phase of the
AD 472 eruption, but are eroded and covered by epiclastic deposits (G1-Mf1, 2, 3, 4 and G1-Df) derived
from later- and larger-scale laharic events related to the same eruption. The later laharic deposits
include more amounts of basement lava of Mt. Somma, compared with the newly discovered
deposits. Characteristics and interpretation of the deposits suggest that lahars just after the 472
eruption came from the north to bury the lower level of buildings and have experienced various
types of sedimentation processes. An erosion of the edifice of Mt. Somma may have mainly acted
in the later laharic events.

Key words: Somma-Vesuvio, Pollena eruption, laharic deposits, debris flows, burial process
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HIEF 2R - HTE

1. FU®IC

A5 07T - Y22V 4 A KILNBHREHOEKLTSH
D, S, FEHRFREZEDZ  OEKE#REDIR L TS/,
o —<HERIcz o ERET R v _M P Va5 — ) %
SRS B PEE 19 FEOEKIELTH 20, oMo
EXICBWTHIEEA LD KR AR FA L
(472 5%, 512 4F, 536 4, 1631 4F, 1906 75 &), v= R
Y g A KILDEHIMIRIEE K DOEICZ N STk 5 K FHE
> CX=7: (Lirer, et al, 2001; Mastrolorenzo et al.,
1993; Rolandi et al., 1998; Rosi et al., 1993). AKimTHL
D EFB, TR AKIALEDY v = - T2 2T 4
77— (Fig. 1) THREI NIz o — <R OEMIE, £
A L[ERE, MY DS PRAR S K I LITEHEREY)IC
KO FERITHE L, RIS - Th o BIFSIRIFIREET
FRINIBDTENREFH OV LEOTH 5.

CoJtETRRAINIGERRE, Y XY 4 A KLDB
Lo KIEBOBFE MRS 520 T, HERO
EEREIHIE I B B ARt BARREOHELZ N 5
LeoWiEEs LT, KL, EHENICERTH 5.
INFTOMFIC LD, B2 5 KLHEHEREY O 'C
AU 472 ARSI 5 2 & 5, OB T
By i@ﬁ7wﬂﬁ@ﬁk@ﬁkfﬁé BRI Ay L
FIEK ] ICk0HELIEEZSNTWS (Kaneko et
al.,, 2005). Ry L FHEKOHEE DO K> W TIIEED
HWEZMHFRICZ DAL MIcEN>>H 3H (Rosi and
Santacroce, 1983; Mastrolorenzo et al., 2002; Santac-
roce and Shrana, 2003; Rolandi et al., 2004; Sulpizio et
al,, 2005), DKL - HAEREANOFEIIR D
Mo TV, AT EMK AR T - 72 5 T ¥ 13

42

B TR - B - REET - ST - K # BULES

0 — A EDRPIIC % L 2udic 558 kb LT < i
Wét,Ekuﬁﬁéﬂﬁ@+nuﬁﬁmwiéﬁé%
BEELL TOA[REMED D 5. T D & S SNy E
DR TOKIIBAE ABEDRED Y 2H 5101, D
HIMIEELSFHIOEZE5ZA5LFA 60 T0E (11
[ - fth, 2009).

EEFAY 1930 FERFITAIC TR RS Nk, T OFEENE
DRI IS EMS [T 72 by ZDRIFE] &
N, BIEOMRE PO AL DBILEED 2. LirL,
FORERLBIMHS N WE E, ENE 70 8T < RE
SN T/, 2002 4F & 0BG & NICEBRIFSE [ KILmE K
eSSl - BRG] (WFFLREE : FUNELRD
T, WEREZPLET LWL V- FIc kb T OE
DAL FAIMTESRID TITh N, T DERENHIH S -
12D >odk 5 (Figs. 2,3). 2002 4F» & 2005 fFF TD
HFEHAETTE, Imb OSsEFT 2808, @ik
7 —F, KEAOMMER ED 515 20O E (Vano),
F 7, RIS, BEETS &SR0 EY) &SR S
N7z, Niihoriet al. (2007) T, 2005 4F % TITFE S
N7ziEKE (31T Vano 1~4; Fig. 2) 3L U 2N 55D
feHEREYNCBA addk A R L, B HRER I 5
EREIT- 1.

2006 LI, FEIRAAXIES N E Tk bILEMNIC
1.6 fEitsk S 1 (Fig. 2), FEHHME (& 2008 F£& gk
X2 1500 m*IZEL TV A (Bl - fil, 2009).  OF#E
I OHFRICHEY,  FricisEiE (Vano 6~11, BXU
Area 12) 3k~ LFEH.aNTH D (Figs. 2, 3), PIAR
B C P h st 2 H 7 2 BEEZEAf A S i 2 o
D77 A (Vano 7, 10) 2FIESInrz13» (Fig. 3a,

1 42°

Adriatic

Somma Vesuviana

Herculaneym = o

. *Ottaviano

Fig. 1. Location of Somma-Vesuvius volcano and excavation site in Somma-Vesuviana.
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Fig. 3. Photographs of (a) the eastern side (Vano 7) of newly excavated in September
2006, (b) Apsis (Vano 7 and 10), taken in September 2007, (c) Dolias in Area 12, taken
in September 2008.

b), JLHlD Area 12 T3, #HEHEEEEET 5 cH DKM
(dolia) 3&%kH+ L7z (Fig. 3c). £ 7z, 2006 FELIEIC
TS N @R EY T Vano 1~4 X0 & 3m DIEHE
WL SIVITIFEAE L, —aR13, PERDIFFE (Perrotta et al,
2006a; 2006b; Niihori et al., 2007) T3AEH D 472 4F
WA BE S AHEREYICHE Y SN TWB T b -T
. TDXDHIT 2006 FELFE ST E I3 oo IC R
L, CO#EMCEET 3t siErERsh->od5 b
DD, HEYMOHELEFE IO VLWTETAICEHENT
B 57, EHOHILEIEIC ST & FRETT 2 05
LTV, £ TARMTIE, 952006 FLIRICHKRS
Ntz Vano 6~11 B LU Area 12 1B 2 BV OB,
JEHE S O MR % 09 5. > X1, Niihori et al. (2007)
DI EE&DET, HEREYOREERBI L = OIEER
2EREL, HBOMEERBRIC OV THERT 5.

2. AT2 FFENDHER

472 FEIE K IR A RER DR D AL E (Rosi and
Santacroce, 1983; Mastrolorenzo et al., 2002; Rolandi
et al, 2004; Sulpizioet al, 2005) 2F L3 &, TOE
KFBLZTLORTF—V I ~MIIXSEN 3.

ZA7F—=v 1T, YElEbTHIOY T - 7)==
MEKBFEL, ¥ = 2T ¢ A KRN T KR & HE
& €7 (Sulpizioetal, 2005). 434 E#hld BALE A TH)

Tdh5H, BT HRBEE cm~10 cm F2E THHRIC
WEkx N3 (Niihoriet al, 2007). MEEH SR 12 12~20
km, MEHERIE 7X100~3X10"kg/s EHEFESNTHD,
BF I EEKOEESTE L, BEESEC &0
BAERI:EEZEZ SN TWS (Sulpizio et al., 2005).

25—V, B7 7Y =—NEEEOIR S i
RS KRR K — O OFRE TS T 5 5. 1t
BB XU, CoXT— VICHET B RIS %
SBUEIKOEN R 2 ) 7 FHEREY® 7 2 — VSN
WCHGE L 1o KB — YRR SIERL & iz (Mastrolorenzo
et al., 2002; Rolandi et al., 2004). KFEFHRS KWy — >
DD —E1Z, BICE TERELLEEZ SN TL
% (Niihori et al., 2007).

A7 —=VIITI, <7 IRKEIBEREPFEL, Thic
PES B D K — ¥ B K OKPERDFA Lo, dbiE
B X ORI ZERENT D 7 0 KBRS N L. B
AN SRR S MR IFEE L R VW D DD, KR DK
ZEITHY T B AR K IR E D3R — DfEHEICHERE L T v 5
(Sulpizio et al., 2007).

27— VI T UK IEEL L 728, (DLW
Hutgkos AR L 0 WL T o N, JEEEIC b Bl
27—V ~MOHEYIcELNIz-bDD, FDOEEIZ
ARTEOEVH cm~30cm BETH Y (Kaneko et al.,
2005; Niihori et al, 2007), EPFOKE1E 472 FEHEK
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T2 29 4 A KL TR S hic o — < R D B O % E iR

RIS L el o AR s, TDH%D 1631 T
DR KITLE - 7o HEREYNIC L O % L 7. (Perrotta et al.,
2006a; 2006b, Niihori et al., 2007).

3. HEEYORLHE

EER IR 2 HEREY S, BA B X OREbKILIKE
351 L CRkE < Group 1 (G1), Group 2 (G2), Group
3 (G3A, G3B, G3C) ®5x1=y FiIXHHINTWVS
(Kaneko et al., 2005; Niihori et al., 2007). G1 1 472 4
MK BT 2 KR Td 5. G2 B LU G3A~C
OIEME I FERMIEH S TV WS, Niihori et al. (2007)
Ik e LR IC b & D EKTIE, G2 OfER &
L T6 itk (5124F, 5364F), G3C DfEfli& LT
1631 FEME KA F 5N TW5B.  F71, Niihori et al
(2007) 13 G1 %, FTICFF M kP 5755 G1-Af & 6%
O+ AHEHEREY) (G1-Mfl~4 X ¥ G1-Df1~2) IZHli5Y
LTHEY, AR TIIZEN S A2 HEEYT 2 (Fig. 4. #®%
DFEHRIK & 2006 FELLPE D FEHI T IR IC[E—DJF
FFTohsoHEMA#Ey bh, SBMEEcBVWTIR
Fig. 5a-d Dk 5 ITXHTX 5.

PIFD2#, T subunit ZICH W 3 Af 135 Nk (air
fall deposits), Mf ¥ & ¥ Df i3+ AR (laharic
deposits) DEHAEZ K. L ARMERERYIC> VLTI,
Smith (1986) ¥ X ¢F Vallance (2000) 1Tk 35354 S
Zic LTS L, ME i, MRS E S mEKES,
BB XF D BRI B O #EiE S 59 5 JEHH (mas-
sive, matrix-supported facies) Z/xL, Df (3FIcib~
e 4 R TR S IR R <, Bl e s &
URIRfEH) 2 eidid 5 JEHH (stratified, clast-supported
facies) %#7Rd. TN 5 subunit OITHEAE & BHRIC
DWW Table 1 I2F &H 7.

2006 FLIFE DIEIEE T3 G1-Mf1 O FAih & 472 4F
KBS 2 i e HERBY I D BB L s e, AR
KT}, £ 5% 95 GI-MfL2, G1-DfL2, G1-MfLI,
G1-DIL1 &9 % (Fig. 4). HEREVIO N & BFRIR
IZOW Tl Fig. 6 1T/R L7z, GI-MfL2, GI-DfL2 (3, FK
H2 R HEW Area 12 DAITIEET 5. G1-MfL1, Gl-
DIL1 (%, AL FED SN2 DA TREICK D RET
3. VITIC, #iricifianzch oy oii#s &
U@ %304, 3 TIT Niihori et al. (2007) Ti#ia N
TW5 Gl-Af, G2, G3A~C 2 DWW T IIHERE D ARd
EITT 5.

3-1 Groupl
i) GI-Af
G1-Af 13, 4T2FEKkDZ T — Y 1 ~MITHIET 51

S -
—® G1-DfL1
a

G1-MfL1
_/  G1-DfL2

Deposits related to the AD 472 eruption

G1-MfL2

s R <Y\

| Floor or Rubble

Fig. 4. Model column of deposits related to the 472
eruption of Vesuvius volcano in areas excavated in
2006-2008. Mf means massive, matrix-supported
debris flow facies. Df means stratified, clast-supported
debris flow facies. GI1-Mfl directly covers G1-Af in
a southern area.

KHEREMI T B, Niihori et al. (2007) & Vano 1~4 i

BOTGLAf 2SS HIC8BICMY L CiddiL Tw 5,

BRI B VT h, 77 v AN SRR —Ef D

JEBR#EST 50D, FARNITIETEITRT GI-Af1~8

Loy, EEYORABLOZTD LTS -7Lr v

HEO 4 EEE -5 (Figs. 4, 5, 6, 7).

G1-Afl : o~ R 2 ) 7 575 5 B T KiEHE

Y. 23 ) 7 ONFIFRRIEK 1em.

GIL-Af2 : BHIKEERE N KUK S 73 5 HEREY)

GI-Af3 : FITKFIKE R T 7 5158 5 B8 N K REHER
Y. DEOEEAREZEL. 23 ) 7O
K2 1349 2 em.

G1-Af4 : BEIKEAFE N KUK S 73 5 HEREY)

GI-Af5 : TICHEIKEME T 22 ) 7515 AHERY). =
BaER, Ba, G, RIRESOEEN S
23 ) 7 ORI 3 em.
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Table 1. Characteristics and interpretation of flow deposits

Unit G1-MfL1, L2; G1-Mf1-4 G1-DfL1a, 1c, 2 G1-Df
Characteristics

P~ None or minor within H.or|zor?tal stratnﬂcahgn; Cross-stratification and
Stratification o . . discontinuous and thicker than . . .

depositional units; massive . s horizontal stratification
upper flow-regime lamination
Variable and as a result of

. None; reverse; reverse-to- . .

Grading Normal; reverse-to-normal sequential processes rather

normal

Muddy matrix-supported; rarely

Clast framework
clast-support

Variable, based on location
within flow; minor imbrication

Clast long-axis &
orientation; imbricatioin

Clast-support with poorly sorted;

Sand-matrix supported

Variable, based on location
within flow; random clast
orientatioin

than a single process

Clast-support with an open
framework or finer grained
matrix of infiltrated sand

Perpendicular to flow; usually
imbricated

Facies name Mf (massive, matrix-supported)

Df (stratified, clast-supported)

Df (stratified, clast-supported)

Interpretation

Mode of deposition en masse

Sediment support Matrix strength, grain dispersive
mechanisms pressure, buoyancy

Laminar at time of deposition
Flow type but may be turbulent on steep

slopes

Rapid grain-by-grain
aggradation from both
suspension and traction

Turbulence, grain dispersive
pressure, buoyancy

Partly turbulent at all times;
however, high sediment load
dampens out small eddies

Grain-by-grain, dominated by
traction processes

Turbulence

Fully turbulent

GIL-Af6 : KILEA%E ST ORE N KK 575 2 4
.

GL-AL7 : BEIKEKILIK AR 578 2 4 — Y HERED).

G1-Af8 : BHPKEEkE HERE T KUK A © 75 2 HEREY).

G1-Af1~8 KD &R AEE 1, Vano 8 OFEEERIIT T
13 30cm 2 (Fig. 7) TH 5H5, Area 12 TIIHI 5~10
cm (Figs. 5¢,5d,8), 77 ¥ 2N T3 2cm (Fig. 9)
Thb IN5DHE GL-AflI~513 27— Y11, Gl-
Af6 325 — VI, GI-AfT~8 3R 7 — VICIZIEN
B3 EEZ 5N TWS (Niihori e al,, 2007).

i) G1-MfL2

(Fok]  SRRMEER) S MRS R W BB SR D HEREY)
(Fig. 4, Table 1) T, BERH 1m TH 5. HILkEER
ARl 72w, K (dolia) BEMNIEIES 5 Area 12 D AIC
FHoh, TITIEGI-Af #EHEES> (Fig. 50). T4
FHEEYE o TcOR TAE A L, #Efoth Tt
BOLr~iciFET 5 (Fig. 6).

R, P KBRS (RE<Scm, M~
R, F~ROEEGHEEBLO2a) 7 (EE<8cm,
MA~HIER), 42FEEKOARE2aY) 7 (RE<15
cm) BERELL, Tofic®y A1k (AD 79) ®
TARY — /K (4365y.b.p) Db D EEbN L HDE

G, ERBEENG, i, KEZ 3 ) 7 3HEANEL,
) 757 —IRDOIEABFT A E, ZF—YIN~MOD
EHPIcEUTw s, B, IKeh ot ~1ET
»5.

(] SRREEECEIKDITENC &0, AEZ 3
TEEGEULDOOERMBEAL TBY &R TH - 727l
W EnS, GI-MIL2 3 AR E &2 on 5.
Mt ~WEORBEI LY ZFFENTVWE I EMS (ma-
trix-supported), HEIRSEEOSVHNTH - 72 &
EZoN5G. HEEYNC->WTIE, Bl g (G1-Mfl
~D) T HARTEREBIREEN DI, A TRBEZRa ) 7
CHEROENEEIHL NV THHBTEZ 53 EIZV. D
C &3 GI-MfL2 2%, MEKE R DRI /T O HEREY) il
Wiz k& LTk an/c 2 L E2REd 5.

i) GI1-DfL2

(Fo#k] 2ficsEiE (plane bedding) MFEL,
HE I Z LIRS B WHEREYIT©H 5 (Fig. 4, Table 1),
G1-MfL2 &[EkE Area 12 DA 5115 (Figs. b, 8).
g 4 XDORIT-D> 515 545713, clast-supported struc-
ture 2789, IR bHGE D Hilld 203, Wi bS5
WoNdEEbH L. JBIEIR Area 12 DG TIRAK) 6
cm, PEANCE2 > T 1lem Icx TR 4 3. FHo
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(a)

ENE.«=:py Southernside g A TTwsw

Vano 7
(Apsis)

«~ Step

(b) N« E Eastern side

G3A~C

WSW Northern side — ENE G

S o siep

Vano 10

e K Westernside | T EE

Fig. 5. Stratigraphy of the walls of area excavated in 2006-2008. (a) Southern side.
(b) Eastern side. (c) Northern side. (d) Western side.
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A % - HIREE - TR - B - ChHEET - ST - 2 - S
Vano1 vanos Areaiz |
G1-Af G1-Mf1
X TR S AN
— -d-\- \-k N -\ \ \
NN 3\\ G‘?MfL1 \S:
Inferred flow direction // )
f;’} A X’
X Venc 4 Vano 2
" 1

Fig. 6. Distribution of newly discovered laharic deposits. A broken line shows an erosion contact between G1-

Mf1 and the lower deposits, G1-DfL1 and G1-MfL1.

Upper right figure shows a cross section of deposits along

the line of X-X’. On the basis of this mapping, an inferred flow direction of the laharic deposit, G1-Mf1, is
shown. A photo of the erosion contact is also shown.

GI-MfL2 FHOMM A2 H» 2 & i LTHEREL T
W5,

L, GI-MIL2 EIZEAERUTH Y, Tk
tins (ERE<lem, H~HAR), R~FROLERE
BBLURa) 7 (BE<lcm, HH~THMAR), NH
2a3) 7 (EE<lcm) DPEETH 2. BHEVIERST
BRENPKELSEETH S5, 1om BEDOH VI
fikrc, BHIKERE L~V VETH 5.

(R #nis G1-MfL2 & X [ERk i rI 723
RICH BT &S, MIL2 OEHICIZIE R L THERS L
7o&EZ OB, F7-, plane bedding (FHERYIK T D

e EEL |12 EASRJRERS 13 KTkl TIEE MK, BYAT
B BIKOENEGREVFENTH > EERLTVS,

iv) GI-MfLI

(Fofk] SRR SRR E W EE SR D HEREY)
< (Fig.4, Table 1), BERZK 1m Th 5. F bz
R CH 5. FBITRBO R LA L O TRy 6N
575 (Figs. bc, 8), Vano 6 8L 7 gl cidla U
T HNBV T ED S, BEEO AT (G1-Mf1) (<
L BRETRE LIZEEZEZ SN S (Fig. 6). £/, Area
12 DAV Tl GL-Af ZEEEE S (Fig. 9).

R, lucite BHR 22 < SUFEESIKORS (K
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E
3
3
3

TUTTUTT

G1-Mf1

A A N

Fig. 7. (a) A photograph of a western half of Southern wall in Vano 8. The succession shows thin fallout
deposits overlaid by thick laharic deposits with massive poor-sorted facies. (b) Magnification of fallout
layers (G1-Af), consisting of the lowest part of Southern wall. The deposits directly lie on bricks on the
floor of Vano 8 at this part. (c) A sketch of a western half of Southern wall. Coarse lava blocks
concentrate in the lower part of G1-Mfl. Left-half of G1-Mf1 directly covers the floor.

B<#10cm, FHH~FHHR), (KHEFEOFHEZIKE
wE (BR<Tcm, HATEK), R~KOLHBRESB LU
23 )7 (EE<{10cm, WH~MBIR), HEOEE
wE (RE<5cm), AEZ3 )7 (BE<K 10cm,
ML) BEET, ToftucERBED SN BEH, Gl-
MIL2 &b b VETH S, AEHIE, PBA» L~
WHNEBETHS.

[RFR] G1-MIL2 & [EIREICHER DI TEL BO KX 15
BRI T T~ E OB IC RIS T0ws T &
5, ER R D o HRIPREE Y O S i & 0 TERK
SINIHEREI EEZ SN B,

v) GI1-DIL1

[Gddk] 4 (DfL1a) & E#B (DfLe) TREIKE
f#1& (plane bedding) 23785 L, fkiAAEICZ L < @ik
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G1-Af Ao i e M T T 1G1-DfL2

G1-MfL2

of Area 12

1
0 1 2 3 m

Fig. 8. (a) A photograph and (b) a sketch of fallout and laharic deposits in the western side of Area 12.
The location is indicated in Fig. 2. G1-Mfl includes more boulder-sized lava fragments than lower
layers. G1-MfL1 and L2 includes much plants or woods, indicating low temperature of the flow.
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¢
1
!
| G1-DfL1
17
7
1]
| prEnas
]
- é-
¢ G1-MfL1
19
4
0 7 JZG1-Af-
T T T T T T Floor of Vano 10
0 1

Floor"bf \fap 10

Fig. 9. (a) A sketch of laharic deposits in the western side of Vano 10. The location is indicated
in Fig. 2. (b) A photograph of the same outcrop. (c) Magnification of fallout layers (G1-Af),
consisting of the lowest part of the succession. (d) Magnification of a part of G1-DfL1, showing
very well-sorted and clast-supported facies like a fallout deposit.
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G1-Mf1

G1-DfL1
N a
1 -
| G1-MfL1
G1-AF
0- ZG1-Afp

Floor of Vano 10

Fig. 10. (a) A sketch of laharic deposits in the northern side of Vano 10. The location is indicated
in Fig. 2. (b) A photograph of the same outcrop. GI-DfL1 is basically characterized by
stratified, well-sorted, and clast-supported facies (subunits a and c), but sometimes has massive
poor-sorted and matrix supported facies (subunit b) like G1-Mf1.

ME L, clast-supported structure Z7xd (Fig. 4, Table
D. 7o Ui (AR E 1T E A KA EE W4
(DfL1b) 2ifEan 3 (Figs. 8,10, 11). 1EMRfLREE A
EUT 2%, W LEERED o s 5G b d 5. DILL
b (& MfL1, MfL2 & ZIE[akkDEH%Z /RT3, DfLla ¥
FUc B Thy, FLEBEOE(BELVDOT

Mf & FX5IL, DIL1 & i, DFL1 O Area 12
PR TR 50cm Tdh 5 (Fig. 8) DIk L, Vano 10 ff
TR 13m T E TEL 250 (Figs. 5, 10), Thl
iz DfL1a 2SsAlICA) s » TIRAICEL 85 T &k
5. Fro, HEREEEECERLCBOHEMIEBEE<ES
(Fig. 5¢). 77 ¥ ZANE (Vano 10) DOEEEEIE, DfL1b
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G1-MfL1
Ig1-DfL2
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Area 12

. : G1-MfL1

D e n B 7, 7 4 e 208 1G1-DfL2

I . oW - - A
- . .-_. . , . ‘. -.

o S X .l - " - G1-MfL2
o TwiiTe o tol=n Rhva G S
' Y ' | Y | Floor of
0 1 2 m 3 Area 12

Fig. 11. (a) A photograph and (b) a sketch of fallout and laharic deposits in the northern side of
Area 12. The location is indicated in Fig. 2. GI1-Mfl includes many fragments of stucco,
indicating the destruction of building before or during this lahar event.

WRiEL (Fig. 9), G1-DIL1 2AENEIKOIEFICEVE ENODOHRAERF10cm TH B, AERI)T7dH

tHEZRT (Fig. 9d). FNEM, WRIRAKTH 3cm EETH 5.
R, RO B WS, EOEks & b GI-MILI (R TNRLOMEREY) & RO RE AR & L o8k
LEMET, HEECEREOREDORL ZER M 510, Elo+ AR X DRI N R E &% 5N 5. DIL
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laBLU cBEAKRNEL, poBRENRIGEL TV
&S, Mf XD bEEKROLATRICHRS 5 L5
S5Nb. ELILT 7Y ARE (Vano 10) OEERTI, —
R, BRSO B ZRTEG0 S 50 (Fig. 9d),
ZNF Vano 10 IZFAA 72 T ATFRDBER ©— R f i
12889 2 & 5 IR U T, I@IKTER DS 12 i A 72
TEMFEREZEZ SNS. DIL1b (3, —HICHIRIER S
KEOESH TEEORNPE-L TV & A2RT.
vi) GI1-Mfl
okl GlhclExbEL, HIKTEIKDECHERY
ThH 5. FfbiEE SRR A, EARNIC FAEE I
hra B iEEd 2 1Bk %2 /R9 (Fig. 4, Table 1). &%
PN LRSS~ 5a bbb 5. BRI 2m T
H 5. Vano 7 DALMF L T Vano 12 Tl FAZ® G1-DILI
ZHELINCE S B (Figs. 5e, 8, 11), UM TREESN
AL LIRS 7 BAfRiIc H 5 (Figs. be, 6).
I, lucite iR A Z { SUFBESI KBRS (K
B<H1m, HH~AR), (KBS EOHESIKEAS
(RE<1bm, A~MIZIR), FR~EELHES (R
<Hy10cm, AR, AEZa3) 7 (EE<K 10cm,
MR BEET, AERBES (BE<10cm) PHE
e (BFE<10cm) BEhICEEN S, F 72, Area 12
0TI OB ELA 7S EREEYI O R (B 2
m) WREICEEN S (Figs. 5c, 11). HEIZ, IKIERT,
it~y Vv ETh s, THBICHT 2 REMENHL
D Vano 6 HATlE, KEaEEtoREss s {ickE<
1D, FORKERE 15miciEdT 5 (Fig. 5d). %7,
Vano 6 XU 7EHATIE GI-Af RIFEEZ T ICEDE
GI-Mfl IZBONBEENE .
RELTIEEAEHIRTH 205, O L v XK
ISR EREE RO S5, T OREE IFIK G AN EEE L
OGN Z WY, BXE L TIEGI-ML & LT—
ELE. WEOEX I ecm DIFTHD, 3Rk
lem DI (WY1 X) OiFahR BETH 5. WIKER
<, HERYIOEIE GI-DILI B L2 L[EHETH 5.
0 GL-ME1 13, v v~ OUREREE T 5 d Ak
WBINENTFESEEE L TRBIZEENE &N D,
CORT — YV TRIEDEREZFVOOTATEIREL
rEEZONG, i, RO FRICHYS T 2 8EBRLA
TEEBRRCL VAR RERICEENSIENS, T
O L AFROEGEI RO EEY) O —E ASHHE L TR AICEL
DhEFNcEEZ OGNS, FIAIX, Area 12 THRHIEHT
AR E, T OFEMED Vano 10 O LMl BEE & IZF
—HKg 5T Lo, BHERHEEL TFEELIEW Vano 10
ORI OBEEICHR S B L fEES T WS (A, #A

2.

G1-Mf1 HEfE#H; 12 13 Vano 6 fF Tld 4TIz k&I
LB THBORANEI - THED, GI-MIl ZZD LD
A EREEE LTV A SRN, HERmER L&
ZZbond (Fig. 6). THEDSE GI-Af MREEZT
WS D 50, T3 bEALD G1-Af8 MR THE T,
WE,POWETHLIDEEZONG. Tz, FHHC
EHE S DD 5N B D8, Thid, GI-MfL1, DfL1 OJF
FZ MR oNns & 9ic, AR EKEDRARTILE
fLERLTWEEEZ SND. KimTld GI-MI1 ZHA
Hic—oDEE LT Lch, ThEHRBIELEN
13, SEBICIEEERN - ERIIC BT L, F, B2
YD B TRNOEAEZ LS ®cEEBA SN
3.

vi) G1-Mf2~4

(Godk] AEICE AR Tk EL, AARINCIER
(bERIHEREYI TdH B (Fig. 4, Table 1). #hZhfgE
2m PINT, B ESRicbrzoEvons., £12, Gl-
Mf1 E[EBRIT, KEGENTEE L S W EIR O B O
DIRFICED 5B (Figs. 5, 7).

RERIE GI-MEL &3 EAERILT, FiICHEEDR
155 it s s i EEBIR SR Th 508, KRR
INEL 5D, R 50em BBELITTH 5. Fi, GL-Mfl
FOHARER ) 7REARNRE CIRAT B,

G1-Mf2 (%, Area 12 OJLfiicB VT GI-MIL1 ® L~
WIZE TET HEVF » 2 VA THERE L TV 5 (Fig.
50). 7z, G1-Mf4 @ NERIC 3AM O Tk a3
JESANERICED NS EMH S (Fig. 5d).

R GL-Mf2 B FICHFEET 28V F v+ xLid, Gl-
Mfl & G1-Mf2 oHEE ORI OKIEIIC, dbicias > Tl
N BBEFSIKFNEFEL FEEECHI - e 2 2R L
TW3. GI-Mf2 DIBEoHEREYIE, GI-Mfl E[ERkic, v
Y2 DINEERR T 2 WIEEN EESHEEITH B C
EDD, TORT—VTHRBESHORE - mHdiE
&, F1z, F o 3 VEESIH S PRI HEREY 2 L
1LEFEZLONSD.

vi)  G1-Df

Go#) #-niERozizescEZyons., BY
122 UL RO BWHEREY) ©, clast-supported structure
NEELTED, B~v b+ A XOMEEICZ LW
(Table 1). F%E® L UfIscHEE (cross-bedding), 2E&
WERBEFEL TV S, G EREL T, #EE 0O
EfAbE & O b8 on g, BE 1mLITT, M
Mo dH B GI-Mi4 O LAZMED 2 X5 IR LTV
(Fig. 5). 472 K% OEERIEIAZRT G1-So Ic &
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bbb,

R FALO GI-Mfl~4 LERET, FICHREED
75 2 R B S i a i C R EIR SR 5185, kI
B L, B 10em FBELIFTh 5. Eifid GI-DIL
1, L2 & XL ITWAAS, cross-bedding MW < FEL
TLEEIFERIT S,

LZN

G1-Df I2 3 5 cross-bedding {2 & D FGE L,
HRNORFIEENKL, RToBkiEeEs|, REFERD
I PFVEREoRNTH > T EA2/RT. GI-Mf
4ETHHERE L, ZhEToLARED bEKEN
L podWiENn, $b B, LA (debris flow) &
D &1 L A stream/flood flow 1T Wi S EERMNC 7R
TWIAATZEEZEZ SN B, FEIR O+ 1 X3 G
I-DILI R L2 LB EALRKTHE T END, I AHHED
IS Y Iy NERAC N (A AR Y (0
3-2 Group 2~3

G2 RBa+EARA Gl RIcHERE L, & NEBOME T2
a) 7JE (G2-Af1~2) &2 hZETE S5 HUE L7 & F KLk
J& (G2-Af3~4), X 527D LA OIRFHHERY) (G2-Df)
o155, MEREEF 1ImEETH S (Fig. 5a, b). T KA
HPKE KIS AP ZEREEAECFHE > T, Wb
W% H % (vesiculated tuff) OF#EAERY. G213, 61
fomEk (512 4EF 7013 536 4F) ITHIM I A HEREYITH %
(Perrotta et al., 2006b; Niihori et al, 2007). JEiiHERE
YN LI LI TAE & oficiRBmEE Y, & IR
#B (Vano 3 i) TRFESH3m OF v+ x VZEEKL,
—#i3 GI-MflLIZETEL TV 5.

G31: G2 hicATEARAHERE L Tk 0, BEEI
2mEETH S, BEIIES JCR(LAKIIKEI XD,
G3A,3B,3C Icfir s b (Fig.ba,b). TNENDEIE
KLGAEECHE FKIKB XU R ) 78, 0
AL ORFHERY & WO AGDEN S L0, LI
2006 LIRE O JLH M O LRI T 13 3 EASIARS I 3B T &
MWT EME O, i, G2 RITER S o R & A2 )
THERE S 2. @abaHkic b & 0%, G3C 13 1631 4
BKICHRT 2BV TH L EEL SN TS (Nii-
hori et al., 2007) %3, G3A, G3BIZHWTIHIEMESER
MBS h TV,

4. TARRHEBEYOERKBIESEHOE X BIE
4-1 TRREEYOFERERR

AHITE, LAROBEHEEREERE OBRY, A
MONEITB 2 REMNEZS  (e.g. Smith, 1986;
Smith and Lowe, 1991; Vallance, 2000; &8, 2004) I

b e, HEPEEY 7 472 KBS B e
M DOERBIRIC > W TELET 5,

472 WK O LMY, SRR o BB I S
SEKROE O Mf SflJg &, BiE»FE LEKOR
O Df HillfE g 0 R E WS EARA Ny — v EET
%. Mf, Df & &I Fih & ERniciaig <21k
2 203[ERET, £72, RO &S ML & DI CTEEIFIE
ZAbART T ENZ V., NS DI, HHRORE)
BRICBOWTHICEESYHEETH 3, KR (T
BE) LIRS ORERH ChiFlrseitn /), ELRIE s LU
KRR TT; &6, 2004) L ZOREEWLLTIEREN
fcEFEZON B,

AW % & O Niihori et al. (2007) Oic#; (Table 1)
Kb Eo< &, MfOFEEESTE, MREES RO
T RTERCG L CEETh - EEZL SN, A
TRIZHEE 0 (matrix strength) & L < 3R5EM: (E
RIS ICk 0 FRE N REREE R EEZ S
N5, —J4, BT 10cm~% m + 1 X DA E
B9 2EIc> 0TI, KFEZRICH S EE  (grain
dispersive pressure; K75 7]) HIEE S HE|24H -
rmEEZONE. DX, HARONEIGOEE
IR« ERRIC—RE TS OATREMED S D, R
EBEROEMRTH 2HEREY 7 — 5 D A5 5 BRI
BT NIC DWW T ERT 3 D IZRE 5729, T 2 Tld Mf
IR L e AT, SRR SIS IR o 0
% (debris flow) TH-tcEWVWIHERITE ED B,

— /A DE oV, EEECRSER, REmO
GEDP S, MTEENAMI LD bBEICKTLTR S
) — 7K (stream flow) AT WELFIREED RN & 73
D, FF2ElEs LS FRmiRETHRE Lc&EZ on
5. Fio, HEREEHXOREIERVEET 250 bk
INFCLFRTE 5.

DfL 2% L 7z LA, debris flow & 0 & K-
FEDMEL, o B bk f sl d 5—4, ©
B IR SR I T ORI EZENSIE C B & 5 18,
debris flow & stream flow OHEIIEEE % &SN &
EAoNb, ZOXHBLARE, BRELTERIR
RRBREEMIEE ITIER S N3 & 5 15, fRRINESTHRE)
(518, 1982), b L < I3 hyperconcentrated flow (Smith,
1986; Smith and Lowe, 1991) &R 3 HFED + AR
LIRS B OMEHTH A .

COXIBBHOZHEE 2N O HITIFAT 5
213, Lireretal (2001) %% AD 79 HM K EK D+ A
HERIc>WCER L7c L D12, O EDDOTHLIRVIEF
T2 METHRAET 2 HENO RO RRI YISO ZAL
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L, Thctks ERREO#EILARLTVWE EEZ 6N
%. AD 79 L iRHEREY) O BRI S HEREE 12, i
DRI B K CREEFLICER S 2OV T£22 < G4
TRISTE OIS &, RN O~ BRI & h 2 fiTkE
DOURD BVES DI S ZL TR U 6 b
(Lireretal, 2001). T 5 L7cHis, LAHH, (1) debris
flow & LT head &4y, (2) hyperconcentrated flow
ELTD body #45y, TLTENSICH L (3) stream
flow & L CTO tail #oh Sk S N5 & W9, Sohn et
al. (1999) OHEREMEIRE T VIC X DS TY
5. —F, GKRIIECT, (1) Jf79 % stream flow,
(2) Zhizs| =< hyperconcentrated flow, (3) F3
#H D debris flow DIEHIHER S N5 &0 D 2 DS
ZEOHTEVS EF UV SEFET S (Sohn ef al, 1999
Vallance, 2000). 2 SDWFHD E F LA 472 FEME KD
F AR TR U 7k B IR s HERE T — &
DBNFEICE 5, Disd & & ME, Df O DR LIEEDE
DS, 472 FEKZRICFAE L e aiDs, ek
B DARMKE Sy & REBIETHEE L foEm S KROS5
WO, ThTNHS M BLO Df 2HEFESE 5 &0 @
DR KIS N LHERITX B,

4-2 EEROIEZETE

AW % & O Niihori et al. (2007) 1 & 2 &N TD
HEREYI A ORGSR &, ERECEYICEET 2 B A
GALL - fth, 2009, 75&) OfEHRICS &0 %, LEPoH
HEBICOWTERT 5. 29, IhE ToRBIRII
b Lo, AT2FEKDOF]OEEY) DRI Z1E L
(Fig. 12a). #AL - fth (2009) (%, JEf» 5 C ofELEY)IC
Tru—F LG, blihbMEBRTHEhD LD EH]
$E5Z B EEEXLT, ZOBYMERIICETS
NicafBEtE 215 L TV 3. ok > siEgitcd - 72
T EE, EEYoOBENEATOL STk, @S
DK BIEV L~ (Area 12) 75 & Biflo+ 41k
RN FERENTWB EEZ 515 (Fig. 6).

Area 12 1TI3 A (dolia) MSFEAR&EANCS, 472 FEMEK
HeREY) (GI-AfED) 32N OoZEEES &5, A
HRIE TCZOEFNT A vl - IFEOBIck - Tw»
tzEFEZ N3, —HT, Vano 1~4 9 815 & T, #
VIOBIRARR L TWic B2 SN A EY, LK
BELEY) TS & O LD 472 FERKHEREYIC B DO N TV 5,
INSDT L6, AT2FERNCE, 74 YEGETEN
TEAE LT Area 12 DA T CiITiEES N TR b, &S
EERIEME S L COBREER > TOICHREHD B 5.

AT AERE K DI IE 7 - 77 ) = — KA R[]
FA U723, T ORORE KB D2 < (AN TR
B L 72 (Sulpizio et al, 2005). EPATIE, KILIKEB LT
22 ) 7EeER Tl ecm~10cm FEEDE S THEfE L 712
(G1-Af1~5, Fig. 12b). D%, WO & FEEA
BOBRSN, THOITPEORAE L I KBRS K — v
DT 2 2T 4 A KINOIEFHIZ R T L, PRZED—i
WENCE TREREL A EE X 5N S (GI-Af6, Fig. 120).
W AREAIC L, EHEIEICh D < 7 = KERKURTENE
D, FHOKRERDKEEY — %A L TILED S LI
U TOIRWHIEIC R W KRR AR s v fe, 8
BRCld, KPEROIKMEICHR T 2 KILEAZETET
KK G1-Af7 & Af8 MHERE L 72,

WEKDERER T — VNREEZMA IR, YA T 44
KINEFEIRE UM & amnsFA L, (L 21
FS 7o, EEFTE, EAKERICHE LA, B2
YzEmld 5 & 5 LTdbfllh SiituAs, KoL ~ou
IZdh 5 Area 12 [ 2% &, G1-MfL2~DfL1 »E
st (Fig. 12d). ZoWIHo ARG, MiRkeE-
TOVIHERPZRI ) THRBALEDNOHR N LICEEZERDS
N3, %1z, Vano 6 BXU 7 2N SJLHEITHIT T
ST 2 &S IR ORENIKEC b, AR
F v xR e (Fig. 6). Zoko AR Y ~
VRO EBEDRAZ ML, HIZAHE OHERYI7Z 3 T ix
< lucite BERICECH OWIASEZRKEICID AS, BIfC

Fig. 12. Burial process of the Roman villa in Somma-Vesuviana. (a) Pre-472 eruption. Buildings were reconstructed
based on sedimentological and archaeological data obtained in 2002-2008. (b) Initial subplinian phase of the 472

eruption. Scoria and ash were multiply dispersed from the eruptive columns. A few to 10cm fallout deposits (G1-
Afl to 5) remained. (c) Column collapsing occurred and produced scoria flows in the later phase of subplinian
eruption. After that, many phreatomagmatic explosions occurred and pyroclastic flows were produced in the
climactic phase. G1-Af6 to 8 were produced by these explosive eruptions. (d) Just after the 472 eruption, lahars
buried a northern part of the villa and G1-MfLs and G1-DfLs were deposited. (e) In major laharic events after the
472 eruption, many flows occurred. The flows transported large boulders and buried channels produced by
stream flows. Some parts of building may have been destroyed by these energetic debris flows. G1-Mfs and Df
were deposited during this stage. (f) After the laharic events, vegetation recovered. (g) AD 512/536 eruption
occurred, and the fallout and lahar deposits (G2) buried the villa again. (h) After experiences of the 1631 eruption
and other eruptive events which produced G3, vegetation recovered again, and today many people live around
the archeological site in Somma-Vesuviana.
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mA LT (Fig. 12¢). o AmFAAEIC GI-Mf1~4 &
KU DI Sz, &< I, GI-Mfl & GI-Mf2 iZ,
P O—EANEES 2 & &b, FOREaRSEZED
IR OEHERE L /.

472 FFIEK & Ty & Fi DARFEERIZEDbL Y,
= A 4 A K I E RIS B ASE i CREAE 3]
189 5% (Fig. 12f). = D3, 472 LRI FA L 7K
(512 4F, 536 4F, 1631 4F &) Itk b, G2 BLUG3 A
TeRk & n7z (Fig. 12g). 472 FEE K & [FIHIE O 1631
KLIBETIE, 1906 ZEICHRPIR S ADH - 7o b DD
Eut aiEEy il zEshcnin, BT
LA OREA B OEE L (Fig. 12h), ol OEEFER
ICE 5.

5. £&H

Ve AT 4 A KA THES L o TwWsr —=
A o®EE (7 72 by ZOBE] I2BWT, i
FER S e L ARHEBY OC#EE TV, /EkoT7—4 &
AbET, TOEMERE & SRR O W TERE
f?’)t.

B ORIV LV, Dl &b 4 PR
o+ AFEHEREY) (G1-MfL1, GI-DfL1, GI-MfL2, Gl-
DIL2) DEET B T L0tz ichh -tz HEREYI O fEHA
i3, BRREEEE ) S HE IR ek w Mf &, 8
ENFELEKROB WD IZA T oNE. ThoDRER
ZEMHE, TaRoRENhERE A Ul EGkEL NI
OELERM LI bDEEZ SN B,

Fricic A s o AR, RS T
fHEREY) (GI-Mfl~4) X0 &<, 2D 472 KD
FE T~ KPP (G1-Af1~8) ZEES T &b, TNET
fEES N TOick D SFRORHSIC A L kg0 + 4
micHkd s EEZoN 5.

E i

AR AEED Bich oD, Al BiEE GRS,
WG (RERT), HZUiEFER CRERT) & ok
MIIKREBISTH - 7. T, WahisiEas GLEdbRs)
WIFEED CERETEV . WARAELO T s AR
13, AREOUEICKREBIRTH » 7. AWFFEIE, R
FERPFIE AR E SIS (16089204) [k (1M
KK b - HAREREEE T ORiBlE 21 TEMi S
nie.
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