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Feature and Formation Mechanism of Lithic Fragment Concentration Zone of
the Ito Pyroclastic Flow Deposit, Aira Caldera, Japan

Tatsuyuki UENO
(Received September 30, 2006)

A lithic fragment concentration zone (LCZ) is often found in the lower part of the Ito pyroclastic flow deposit, South-
ern Kyushu, Japan. The LCZ shows layered or lenticular shape. It consists of abundant accidental lithic fragments and
small amount of pumice fragments and ash. The size of lithic fragments is larger than pumice fragments, whereas lithic
fragments are smaller than pumice fragments contained in the massive part of the Ito pyroclastic flow deposit (defined as
NI, hereafter). The LCZ can be divided into five by difference in their facies and/or localities, i.e., basal LCZ type a and b
(BLa, BLb), lower LCZ (LL) and total layer LCZ type a and b (TLa, TLb). The BLa is recognized in the basal part of the
Ito pyroclastic flow deposit. It contains well-sorted lithic fragments and less fine ash. The BLb overlies the Tsumaya or
Tarumizu pyroclastic flow deposits and covered by NI. The LL is intercalated between basal layer and NI. The BLb and
LL contains poorly-sorted lithic fragments and abundant fine ash. There is no NI in the proximal area where TLa and TLb
can be found. They are covered directly with soil and the deposit of post Ito pyroclastic flow eruption. The TLa is mas-
sive and is a mixture of poorly-sorted lithic fragments and ash. The TLb is the thickest (up to 30 m thick) among the five
types. It shows wide vertical variations in grain size and kind of lithic fragments. Detailed features mentioned above pro-
vide important information on mode of emplacement and timing of deposition of LCZ throughout the eruption.
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Ito pyroclastic flow deposit
(after Yokoyama, 2000)

———] Tsumaya pyroclastic flow deposit
(modified after Aramaki, 1984)
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(after Fukushima and Kobayashi, 2000)
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(after Kobayashi et al., 1983)
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Map showing the localities for the deposits of Aira pyroclastic eruption described in this paper.
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Fig. 2 Representative columnar sections for the deposits of
Aira pyroclastic eruption located around the Aira
caldera.
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Classification of the lithic fragment concentration zones (LCZ) in the Ito pyroclastic flow deposit. (1) BLa: basal LCZ type a.

The BLa is developed in the basal part of the Ito pyroclastic flow deposit. (2) LL: Lower LCZ. The LL is intercalated between
basal layer and massive part of Ito pyroclastic flow deposit. (3) BLb is Basal LCZ type b. The BLb overlies Tsumaya or
Tarumizu pyroclastic flow deposits and is underlain by the massive part of Ito pyroclastic flow deposit. (4) TLa: total layer
LCZ type a. (5) TLb: total layer LCZ type b. TLa and TLb are covered directly with soil and deposits of post Ito pyroclastic
flow eruption. TLb shows wide vertical variations.
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Table 1 Comparison of the LCZ facies of the Ito pyroclastic flow deposit with other documented examples.

LCZ max. grain size fine ash bedform thickness (m) appearance region lower contact upper contact
Bla fine (<5 cm) poor massive <0.1 medial-distal erosional sharp

LL moderate (<50 cm) bearing massive-stratified <1 medial over basal layer gradational-sharp
BLb coarse-moderate bearing massive-stratified <5 subproximal-medial erosional gradational-sharp
TLa coarse (~2 m) bearing-poor massive <3 proximal erosional sharp

TLb coarse (~2 m) bearing-poor massive-stratified 30 proximal erosional sharp

lag breccia*1 coarse poor massive-stratified 30 proximal various gradational
ground layer*2 moderate poor massive <1 medial-distal erosional sharp

layer 2bL*3 moderate bearing massive <1 medial-distal over basal layer gradational

*1: Druitt and Sparks (1982), *2: Walker et al. (1981), *3: Sparks et al. (1973)
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HERR I O A AR S ECHI KL 2 P b § I L 2 % <
GRERRI E LTI 2B 505 (Plate. 5, 6), KFE
W PG OB R AR R 2 T, LR
KRR Dt DRI DN B, T OHERY & D ¥
S, BATDE D12 A BHANL A KRR
(#573 & OHERR O I A 2 73 3 I 8% 5 hs
(Plate. 6). -fi DHER & DB © LRI B C 5 5.
TLaO BRI Im~5mEETH D, ZOEEIIHEHEN
THAE LT B, TLald EAMICH - BEHTH
D, EE2MUFOEEENICED, MKAILKOEH
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BIIHREICHERR D), AT KPERHERY O AR 2
NETIZHIF/ZLL BLbITHARTORWEANH 5,

4-5 LRAEERREEHDLE (TLb)

&R AIVT ZACHE B DS <NRIO 7% e (LT 8L o
HEE 10830y (Loc. 175) Tld, FTRAMRHERY O
E#TLb73% S (Figs. 1, 3i; Plate. 7). TLb ® _EA7I3 A,
I EKAIE K D% OHEREYIC DN, AT KSR
D FLJEHIRLE D AREILAD SNz, FALOF R A
HEREY) & OBEFIEIT OL S MM A 650, =
RHERED), BRAbHE 3 K OVATT K HEREAY) O L AR fE
B ETFED 5NN (Plate.8), ZDOHIE D TLb DJEE
3HK30mTH D, BRIN AT KRAEFREY O LCZ
DHTHB RV, TLb I E F A5 ~ O EHAEL?
FLL, ZOMETIE ETICKEL 2D OHRYITIT
5T EMTES, TLbD NI B 0nIcHilibL TH
D, RAR2MEBWA DL OB AHER 28Il 50—
B, MRLKILK &8 £ 5 72D 2ARITHEIKDEN, A8
EH OREITRIIEEOKILEDNZ <, A~ [
DR ZERT, —F, TLb D EEFIZWD 2 nhn Bk &
FHOWREMEEZRL, H10cmU LEOAEERZIZEA
EBFERW—F, MRLKILKSE ENRNZ02KITHE
WKW, TOEOAEAEREFREKE LT Z—H g

@ lithic fragments
ash

pumice fragments

- decelarated
: Q—» 2y -

HE

Zz

KOBETHEMOIDICAA S, AEARF ORI
MY 7 RO HE R A R O A R~ A Y 2
(Plate. 9), £7-TLbDO FE & EE ORI, WIno
B CHEMEMEAEICEDNERTER N, FFETOH
BETTLh LD LS EMHZEZRTLCZRED 5N D
BRIV T T OALHEICR S5 2,

5 AHAERREMOREEEE

5-1 BLaDFZE

BLa OF:#13, 1) BB/ %2 & > TEEMKIE O T
PLIZERD B, 2)BURERL, 3)MKIKILIKES T
IKDELSBETNTKBITBITRBY, HOAREERDPRAEGXHD
R THDE<EEN, b) ABEN DERAKEIZ LD
AEEE D B/NE <, 6)BEIMEISGEm OHFAN T HE
9 2Z&ENnEL, £27) BREIKGEN S OERE S
BAMaNWZ & Th 5,

Blaldl) QRN 5, 4L H AR KIRICHES HEH
YWCIRBWIEEND D D, TOHE, 3)H 5 KRR R
filgzEbzs Lk 7)) Z—AEAkORBNOEHME S
EADIEDTED, tEEREEKRETZ T Z—K
WE AU AR LR IR O FE VA RE N it O 1A
HIKAEAERE T ks (SFER, 1968 5 #5K, 1990) 72 ED
Bilid 2, UL L7As, BLald KMk FiafEoRD

co-ignimbrite plume

ash and pumice
elutriated

flow head

~7 ambient air
entrained

Basement

region of post-BLa settling

region of BLa settling

Fig. 4

(92)

Illustration showing the emplacement model of the BLa. The moving flow head of the Ito pyroclastic flow was decelerated
by the resistance of ambient air and the ability of transportation of pyroclastic materials decreased. As a result, the high-
density lithic fragments and crystals were settled in the flow head to form BLa, while low-density pumice and ash were
elutriated as co-ignimbrite ash cloud.
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SNV (B A1 Loc. 105) THED S, 6) DFf
NS TAMEEZDDITH LWL, £, 1) &4)
DR B AT KR DS Z R T LI a8 a T ICE
WMBLa & L THIREL 72 &EA D2 EHTED, L
UIRNDEZEHERE L 72 O T dh IUIBE T ke 7= A4
ZaHLIT< W,

—7, KPHROEHICB T 2EMZEZE A2 EBlLad ¥
AT AT O K D IZEHANTIRETH 5 (Fig. 4), Kt
WO ER L U 2 A O RKUCHZET 2 2 &1k > T
WL, FEEEORKZIDAL I & TR AL
T %, E DIz KWER DS E KPR OEWAE )
O, MRITSRIT IR S N, EIR S N D K O kL
BH/NE <125, ESITKBRD F e D ER 7 Cld i
LU 72 KR RRAKL DIELS /25 T &ITXK o TR
(co-ignimbrite ash cloud) & U TCTEFT S, I T3l
RI 78 K ALR R0 AR 7 i A VR I IR 28 & LU T |
F-HEN2E55, —F, GRELRGEER MG
WSRMUSIEIKER 23200 TR - HEREL, JEIKD RWBL
KOBLaZ RS %, BLaDHEFERZIZ, BB O KRG E D
HHEAERIT X O EE LRIk TR ER LR 57200
D, FRERMEE L TIF ETERWRNANEREL, <
o HEHR O HERTT 5, 20%, ORI ED
FEAERD D12 <, RiFOEMEES DR E VRN
DS ARRESLLAHERE T %, BLaS il N miEE O
RNHIFTHEEEZRESLADDIT, KRADOWDIA
&, RN DTS IKAAEEDNEL D bl s & DMK
TERNC BIE T R, KRN DO/NS 12 R —)L T
Bl EBELZLN5,

BLa®EAE, ZNETOLCZIZEET W58 Tidilk =
N7z ground layer iZ £ < Ll TW %, Ground layer {3 ki
MOSEFRN DR 2T A A, WL WiREkz 2
JIETEmBEERAGEER MRS, HELEEEX
5311 CW% (Walker et al., 1981) . BLa DRI 21

FEFREZEZ TR,

5-2 LLODEK

LLOK#IZE, 1 HEMELE D BAL, FRAREHOT
RLICERD 5N, 2) MkiKILIK & & B EIKES, 3) A
BEEDPEAGX ORI THDLEEN, ) GEEFD
BRI LML OAKRT LD HKEL, 5) BENMS
HBm~10m OHEFHNTEILL, 6) BESLHEEH D
RIEIEARTE D © OREEE S AT B EAN RSN, 7)
LRI & > TIINEBIC R E M S 72 S EE T DIREEA
{bZRT I ETH S,

PLEDLLOE#IE, TN X TOLCZICET 52T

Wk S 17z layer 2bl (Sparks et al., 1973) X <TWn»
%, Layer 2bli3, 3) &4) DR 5, KR OB H 1T
B MR GEER NRNO FERICEEL, 20EED
REET—F I8 1k - #HEFE (en masse freezing) 5 Z &
X TR EIND & X 5N TW/= (Sparks, 1976;
Sparks et al., 1973), L/ U AP KBRGHERDIL, kil
IKY A X DB s A E e kb 2 MY O _LEE &
2 BURMERT., T OREZE KR 2N —FITE
Ik - HEFE T 2 LITROBT B 2 I3 L <, &kE
U CKIRIEE D S KD S 132 KD ITHERE 9%
B A o HE FE (progressive aggradation: Branney and
Kokelaar, 1992) & W& ) # plokl T D Bl & O R ZA1bIC
o TSI NZEZAZSNTNS (1, 20000, Lz
Mo CHEGERMMRNOTEICIEREL, 2k —EIT{E
1 - HEFET 5 2 E TS 115 &0 D layer 2bl & [REED
FERRE T IV TIXLL OB bR 2 3B % & SR EET
HB,

LL D ALY A F KRR HERE Y O 13 1T Fificd 0
RO DB N =2 51, AR KRR
RO LLAHFRE L 2EE A 6N 5, Lizdi>TE
FIRAME AR ORRE TV G, 1969) &[FRERIC
AT KR D BN KENRESIER L 729
K B OVE P O B E R i S N TAERR L =B a A
ICEDKPRAFEAEL, LLIZZOKIRNSHRE LD
DEEZEND, ZDR, KEDIKEREAEEF O
HEME N L2, RERTFICED KRN FL,
AEENE R S Nz (Figh). b) 7)) ORI, i
BENDEEET DRESCIHRNOEE GEIRAETS) D
MZb E BB OH THATE 5, £z, BEMNE
R BLaW FLICRD 5015 Z &id, AF KR OE )
HNZRAE U= AEE R ICE KR OB B N TS-1
HiCRA L - @ W= & E 2 5N 2,

5-3 BLb DR

BLb ORI, 1 Tﬁ@%%kﬁ??ﬁﬁﬁ%%i(ﬂﬁ%

PR HEREY) & A KHRHEREY AR D BT 5T 380

h, 2) MLOHEREY & DEFIIIEFT DL D ;%xébﬁ—}é}
ML, 3) HERE ORI 2 R 9 RELIZED 5N T,
4) HERLKILIK & & BRI EL, 5) AEER#RA X
DAL THDZ < EEN, 6) AEEH ORARE AL
OAREEL O BREL, 7) BEMISGBEm~E10m D
HIFHNTEE L, 8) 2N EESC G EA F ORI
J57n 5 OEEEEE TR T S AN R 51, 9) A
Lo TRNEIC R EMES A E EF OREELE(LERT
ZETH%,
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(1) pre-lto pyroclastic flow eruption

1 . IEI lithic fragments

e
Tsumaya or Tarumizu pyroclastic flow | . . (1 " ash
'_ e pumice fragments
e . '. o] pyroclastic flow deposit of
g Q . Q‘D . Aira pyroclastic eruption
o P volcaniclastics
progressively aggraded

BLa: Basal LCZ type a
LL: Loweer LCZ

BLb: Basal LCZ type b
NI: Normal ignimbrite

Basement

Tsumaya and Tarumizu
pyroclastic flow deposit

(2) Initial stage of Ito pyroclastic flow eruption

2 3
— ’\’_\A/\ N
o i SN
Q o - —\A’\’g\
0 « ° ) Q

Zone of Fig. 4 illustration basal layer (and BLa)

conduit rapidly enlarged

massive lithic fragments producted Tsumaya and Tarumizu
pyroclastic flow deposit

(3) Middle to Late stage of Ito pyroclastic flow eruption

deseiar|SLL

Fig. 5 Illustration showing the model for formation of the BLb and LL. (1) The Tsumaya and Tarumizu pyroclastic flow deposit
settled in and around the Aira caldera. (2) The pre-Ito pyroclastic flow eruptions were continuously followed by the Ito
pyroclastic flow eruption. In the initial stage of the Ito pyroclastic flow eruption, the conduit was rapidly enlarged and
abundant large lithic fragments were produced. The pyroclastic flow enriched in large lithic fragments formed the BLb and
LL. (3) In the middle to late stages of Ito pyroclastic flow eruption, the pyroclastic flow came to be poor in large lithic
fragments and formed massive part of the pyroclastic flow deposit; this is because the conduit became stable and the poor of
erosion of its wall came to be weak.

conduit wall slowly eroded
The production of lithic fragments decreased
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AT K HERE ) D HKERIZEE® 5 % Did Bla & [A]
U Td %0, BLbITHIKIKILIKZ % < & AEIKDES,
NI AR S-S n E A OIREEOE(L 2 RTHEN
bV, HEMEEEEL THARWHETRZS>TWS, £
7z, LLEZHEEMKIE CHEL TWRWRTRES T
2,

JEir (1969) <2 Aramaki (1984) 13, 2) DRz H/KIZ
KBBEEEZEAT D, ERKE AT KR (B
WA O oI EIM O HIK LR A S > 72 &
EATNWD, UL LN SRR I EHEFRE D
IR RR 22 R 9 RS 38D S e, KRN K95
L E T OHFEY 2R BT D T L3k~ I TR
S51TCHO (kO - FH, 1983 ; Suzuki-Kamata, 1988),
FRIC KR ATE 22X 10cm ~Fm 12 B K SHR 72 A B
FEZBICEDHEEIE, LVBAMICELEEZON
%, MDKILDLCZIZS FMLOHFEM &R &L - iid
MBD 515 (Bl Z1L, Allen and McPhie, 2001; Druitt
and Sparks, 1982), Dl k&0, ERAPGRHEIHB LV
FARCKERAEREY & BLb OICED 5% 2) ORI
MR R O R IEHF R DR EICK S H D TR
<, BLb#fERFDERICEDHDEEEZ NS, 5
Ah, 2)MBLbHEREFHICIER E NG Th o2& LT
b, EHARIEIEN N S 72 ST 5 2 LidHskAn
%, MR R AR A3 I A © 7= & 93T BLb O B R B A
ZUTOXDICHIITES (Fig. 5),

1) &0, BLbAHERE T 2 EATICIE, FTARKIIRSCER
KWEREGE - WAEL Tz, TN 5 OKIROEHIZ
e U CAFT KR OME DG E 5, AT KRR H O
RANCIE5-2HI THAL = X D ICTHEEFITE &K
WINFEAEL, iE Uiz, FACKIR L Z R KR E
L CHEERICED AT KRN E Lz, K -
ZROWKFEFEL TODHBICBNTIE, A8S
FTE QAT KPRITEK - FR KRR O EFER & 78
b, TDTD AR D Sl B I O K& S EA/ER
EEITHETEES T, BlaviEMkE 2B E2
Z&7e<, Ao KPRHEREY) O LT EHBLb & HEFE
Iz, FO%, AERFICEOKBFESHE L, Blb
D LALTARRT SRS /2. 7235, Bla, EJEHRLE
BERULLIZEK - ZEOMW AR AEE - HEL T
TRNHIBIC DBIAIT D, ERE - TR DM KRR DR
BT R L THID TAF KR O S E DR &
MEAEH DRI RE/RSETER 2 2R U, Bla, HLJEMIKLE & HE
M/, ZOHIBIZBWTBLLIZHS T 25T, =
DORHMSBLaTRSLLTHSEEZ BN S,

5-4 TLaDRK

TLa DRI, D B E BV T Z %O E0%) 5km LA
WCOHRD BN, 2) AT IR E S AR 2 e
I, 3) HIEE BRI K QR T EREE DN, 4)
MBI KUK 2 LLS° BLb 1 E & £/ WAHIKIZEL, 5)
AEBERDRAOX DK ThDEL<EEN, 6) BEIH
HEm~E10m OHPENTELT S ETH %,

TLaDF T, 1) OX I ICKEEE TOAHEDHNS
2E2) BIU3) ODRTRESERLZSTNWD I LER
ZBLbEIFIERU TH D, £/, AFKRRHERY O
ARG B A1)V T Z i 58 20km 13 T b JE <
20, FEIGE<S 725 EELSRAHEMNED N5, L
L OR#E S BLa DR & LU D X S ICHBARTEET
&5 (Fig. 6),

BLb &[RRI, AT KGR O A O A A i
BOKRERN S, GEERICEOHREY N TLa L L THE
U7z, 0%, AEKFICEOKBRATREL MR,
FREDIE TH D Z EMSKIERICBENNH D, BAHD
KR EDRBERFIIXVESEZTHLAIN, A
R E U THRE L s> 7z, TRbBRIMOAEER
ERBICEDKIPRO B0, EIRAITRETET I HERE L
Bz EBEAOND, IHEKBEEKIZAFT KROEH T
7 T5H5DT, TLadD EAL & 10T OB O K
K OHREYNEREE S T &>k,

5-5 TLb DM

TLb DT, D BRIV T FIEELD LT T8I
DHRD SN, 2) FALTILEHRLE R AAKE 2
3) TG B KSR B OB ICEREDN, 4 A
BAERNERAOX ORI THhDOEZ<E&EN, 5 FiidTLa
RSP EHMERL, 6) REOKIEF 223D
M, 7)) MR LK 2 E E TR R <, 8) T
e BEECTR O f4 B~ i A BT A, 9) SV kB A E 2R
Z&ETHB,

TLb ® F#1% TLa & [7] U st THBADS FTRE T &
%, —7J, TLb @ _EERIZ7) DA Z RS 72 DI kit
BMEnS &0, BINKIMEEATLTNEL, T
KORLTh L OBk EZEZ A 22 &N TES
(Fig. 6),

FeA (1969) 13, TLb 2 RAYATT KR Hi ) 1 i HE
BlLEEZEZTWS, LrLANS, TLhO FEiE 15
T6) £8) DX ITHERKIFRENTR/R S /20, TLbD I
BT L AT KIBRE O OAHEREL 2 & 13
ARV, Lnd9) ORENS, H25BREOMM, A
HER OEMBICHREOH >/ T EMNRBIND, N5
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(1) Initial stage of Ito pyroclastic flow eruption

o :. lithic fragments

- ash

© o > | pumice fragments
\) volcaniclastics
progressively aggraded

TLa: Total LCZ type a
TLb: Total LCZ type b
BLb: Basal LCZ type b
NI: Normal ignimbrite

Basement

Tsumaya and/or Tarumizu
pyroclastic flow deposit

(2) Middle to Late stage of Ito pyroclastic flow eruption

Northeast part of Aira caldera

. 3

v - fallout

R

TLb upper

TLb lower

TLa and TLb lower BLb ~—uo
region of NI settling

Fig. 6 Illustration showing the model for formation of the TLa and TLb. (1) In the initial stage of the Ito pyroclastic flow, the
pyroclastic flow was enriched in large lithic fragments constructed the TLa and lower part of TLb near the source vent. (2)
In the middle to late stages of the eruption, the pyroclastic flow formed massive part of the pyroclastic flow deposit. The
massive part is lacking near the source vent area, where the ability of transportation of pyroclastic flow was high. The upper
part of TLb distributed in northeast part of the Aira caldera was produced by falling lithic fragments at very proximal area.

DFE#IZ co-ignimbrite lag fall deposit (Wright and Walk-
er, 1977) \ZHLIT 5, Co-ignimbrite lag fall 13, WEfA:
FREECRIMENFEAT D E &I, KOOETICBWTE
BEROGEERMERNICROED > TBREIN, £0

FEZIIE Y ORI 2RI L TnWo &EEX S
NTWS, TLbOHEFEL TWAHAIZIEE LT I8 T
HO, KOOEETH>ZEBZTRY, Lzn->T
co-ignimbrite lag fall &[] 45 12 W I8k 7y 35 OD FEIBE 1T = %
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JET AV A P EIRAITIE T & U CHERE L 72 D A3 TLD
ETHHLEEASND, £z, TLb DEMDOEEL(L
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5-6 LCZDZHMEDREKRA

AF KR HEREM RO 5N D LCZITAMMN S RS
ESMEMEICK ) TE S, LnL, LCZEKRT DhTO
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I B IRAIZEE R & UTHEREL 72 D23 TLb O
EiTH B,

6 LB
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Plate 1 BLa covers the Osumi pumice fall deposit and is overlain by basal layer of the Ito
pyroclastic flow deposit (Loc. 180). It contains well-sorted lithic fragments and less

fine ash. BLa: Basal LCZ type a (See text and Fig. 3).

Plate 2 Stratified LL overlie basal layer of the Ito pyroclastic flow deposit (Loc. 173). The
LL contains poorly-sorted lithic fragments and abundant fine ash. LL: Lower LCZ

(See text and Fig. 3).
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Plate 3 The Ito pyroclastic flow deposit overlies the Osumi pumice fall deposit (Loc. 188). The lower part of the
Ito pyroclastic flow deposit is occupied by lenticular LL (area enclosed by red stippled line).

Plate 4 BLb covers the Tarumizu pyroclastic flow deposit (Loc. 209). The upper and lower
boundaries of BLb were wavy (red stippled line). Blocks of massive part are
included in the BLb (area enclosed by blue stippled line). BLb: Basal LCZ type b
(See text and Fig. 3).
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‘Post Aira pyroclastic
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Plate 5 TLa covers the Osumi pumice fall deposit and is directly overlain by the pyroclastic
deposits of post Aira pyroclastic eruption (Loc. 22). TLa: Total layer LCZ type a
(See text and Fig. 3).

%

Plate 6 TLa covers the Tsumaya pyroclastic flow deposit and is directly overlain by the
pyroclastic deposits of post Aira pyroclastic eruption (Loc. 227).
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Plate 7 TLb covers the Tsumaya pyroclastic flow deposit (Loc. 175). The boundary of TLb
and Tsumaya pyroclastic flow deposit is shown by stippled line. TLb: total layer LCZ
type b (See text and Fig. 3).

Plate 8 The boundary of TLb and Tsumaya pyroclastic flow deposit (Loc.
175). The contact of TLb and Tsumaya pyroclastic flow deposit
is undulated (stippled line). This part of TLb matrix is rich in
fine ash and rounded lithic blocks.
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Plate 9 Well-sorted TLb. This part of TLb is rich in angular lithic fragments of sedimentary
rocks derived from Shimanto supergroup (lithic fragments fall deposit) (Loc. 175).
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