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Abstract Tephrochronology is based on the study of volcanic ash ( <2mm) layers which are effectively time equivalent horizons.
Direct or indirect dating of ash layers is possible if suitable fresh " primary" phenocrysts (e. g sanidine, zircon, apatite) or extrinsic
dateable materials (e. g charcoal) exist. But in the majority of deposits, especially distal tephra deposits, this is not possible as they are
dominated by juvenile clasts. A widely used alternative is the geochemistry of volcanic glass (magma) that occurs as juvenile ( magmatic)
particles found in both visible ash layers ( <2mm) and invisible cryptotephra particles (usually < ~ 125 microns) in proximal and distal
deposits. These fresh glasses can be analysed for major, minor and trace elements and specific isotopes (e. g. Ph) using electron, laser
and ion probe technologies. Proximal-distal matching of chemistries allows for time equivalent horizons to be linked in both time and space
thus providing a powerful correlative tool that helps synchronise distal and proximal environmental, archaeological and volcanic archives.
Vital age information exists in both proximal volcanic deposits ('*C, “ Ar/* Ar, U-Th) and distal ash layers allowing for cross-validation
and integration of age information. The addition of relative age information (i.e., stratigraphy, annual layers) in distal marine and
lacustrine deposits offers a powerful framework for unravelling the precise " order" of volcanic, environmental and archaeological event.
Tephrochronology is applied across Earth Sciences and is particularly useful in Quaternary research for the synchronisation of multiple
archives in the evaluation of causative links between volcanic eruptions, climate/environmental change and human evolution/migration.
Key words Tephra; Cryptotephra; Tephrochronology; Tephrostratigraphy; Age-equivalent dating; Volcanic glass
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IR (Tephra) 72 S F 48 g & 3 A8 7 A4 1 fir A
R 45 9 SRS 74 (Lowe , 2011) , FIRLAR R/ INAT 432 2K
i BeE J Il ( > 64mm) SR (2 ~64mm) LK (5 ) &
IR ( <2mm) KR AR 24 ( Tephrochronology ) 5 L 46 1Y
RE SRR LI b S22 IR JC A I s i3 S22, ) R
g A DKGE A R R B A 45 R TURUZ e AT R 4 L [R] 20 A
FEAF (‘Thorarinsson, 1944 ) o 4147 SCH K LR AF AR 2 38 4%
T KULp Lz 2 ( Tephrostratigraphy ) A1 A { Q27 B TR 23 A
%5 (Lowe, 2011)

AR B K DU AR ( Tephrochronometry ) £ 45 B
FeRNa) 371 (Lowe, 2011) o B HMAE A AR Y J5 AR
B SBEES B SO RAE I, AR Ar/” Ar U-Th/He | %
P AR IR A 5 5 TR A ) A 2 LU AR s K L R A 2 1
SIS R TR T 2 K L BRAR I | T 3048 C AREUZ TS
Jitko BRI, AZBRT A 1 1 A1) S5t ) AR I LA B A % it FH Y
1 BRI A — R AR 5 1 e A8 T 12 bl T A LU R il
2 R IR O Z E CHGREE G510 AGU R 155 ) i
BRUKIR . 5 ZAFAEWE 2 BRI A, KR AR LAt )2
DRI A A, B IRbR A5 2 Z ) AR I A 8 1 1 32 A sc 3,
AN B 2450 I B 4R 5 ¥k (age-equivalent dating
method ) o IR B —  Z HAER, KR AFAR 2 K AE WA
LR (eryptotephra) R ERIN | $2 BOFN Ak 12343 BT 55 J ThT B
B A e ( Blockley et al. , 2005; Pearce et al. , 2007
Lim et al. , 2008; Tomlinson et al. , 2010; Kylander et al. ,
2012) AR HLY e T K LR S5 I b i B AR 2 (1] B 9 555
], fi 33K 5 PRV IRAS AT L P K L IR TE S DU 20825248, an 2
2 AR KN A S T T R T B
T ¥VE I (Bourne et al. , 2010; Moriwaki et al. , 2011; Smith
et al. , 2011; Lowe et al. , 2012; Lane et al. , 2013; Albert et
al. , 2013, 2014; Sun et al. , 2014a) ,

ARSCEAEA G K AR AFA S, A5 K R AE 3 531
(fingerprinting) , J&HX ( correlation) | 4E ¥ ( chronometry ) | 4E
4% 3% (age transfer) K FHAEPURZ P B2 (linking ) | [7] 26
(synchronization ) F17E 4 ( dating) HP 1) FHZE N2

2 KUPRAEACAR R A A

SRR B AR S A — P E 2200 s/ . K g
KA SRRy L] LS 19 B8 % 2 1k 2 IR P 1) I
JB, Bk Bk oA K B UK 2 T MR K R R RUA R R
(phreatomagmatic eruption ) ; | & U I HUBE R UA e 4%
F gy 30T SRR AR 5 ) 32 A e 3 (Plinian ) B8 54k 8
2 (Ultraplinian) W8 %2 o B A7 1% K JC LG A2 AT m] L7 AR K
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Fig. 1
production of proximal and distal volcanic deposits ( after
Robock, 2000)

Pyroclasts (juvenile [ magmatic | and lithic [ pre-existent rock ] ) are

Schematic illustration of volcanic eruptions and their

produced during all types of explosive eruptions but in the case of
Plinian to Phreatoplinian eruptions fine juvenile particles and gases are
transported to the base of the stratosphere and dispersed by the jet
stream. Whilst the eruptive column is buoyant, sedimentation of
particles produces fall deposits but eventual collapse of the column
produces pyroclastic flow and surge deposits. Volcanic glass can be
recovered from all types of volcanic deposits but juvenile material tends
to be most easily recoverable from primary fall deposits > pyroclastic flow
deposits > surge deposits

IR T (7 SRR ) | T A e 2 e Ut
MRS AW K, W R R BB A5 5 B U2 B R R, W Y
YRLE SRR (OB SCA LR ) AL AR ] B <
FEEiE R (18 1) o BURLECHLAY Ll i s il o HEARAE Kl o
BEFIIT , T JCIT Y525 B HE AR ( proximal fall deposits, ] 2) , T 21K
SRR N AT A G B kLl R A R, B R R
(distal) 25 REHERN . AR e LUK T 96 199 007 5, 0 Y 28 o HE A
A TR (AR 3 7 PGS AT ) AR =28 0 BR 1 AS R
P, 2B R O 8 B W B I R AT R AR P BRI, Sl m
D5 T FEL 8 DX 32 Bl LB R 1 T ek, T2 S L L e i Ot
FH( pyroclastic flow deposits) 5 i i HEFH (surge deposits) , 5
IR I ANTR] , LR R S8 Y 4 [ A T i ) (438 2K 1 B
B ORI A AUE A ) T RO ORI R
PR (Lowe, 2011 ) , B 2 ASURAR 40 1) JC LK (< 2mm)
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crater, Changbaishan

Proximal fall deposits at Tianchi volcanic

TSN (< 1/16mm ), AR KA A 14 3 B A )5 5
A1 ~3 4,

ST IR JOLR TR TR — 8 &, IR A4
EATZ A RIEEES ANy, Wi b B A 2 S A R A X
R JARAEARE A i U BF R B K IR T B RA 12
W MEARRAE , DT ZE R E PR 1 22 J5 P o it J2 (1] 9 % L DR 1B
P T KALR R 38 78 FITEAS [ DX R v DUAR i
A i AR 7E BT [A) RO b 4 Ol 52 G - Bk I Y ( Lowe,
2011) , R A5 AR R BB [R) U I Ll e 7 ) B AT AR ] Y AF 1
F IR I I TR AR S 27 o A BRIl I — bl 2 s 4F U7 2
B 5 KL IR B A8 X AF 7% , D22 AR v] 7 3 28 I () bR iR = Z 1)
BEATAE 1, AR UTRUZ B, e 0l 2 R AE J5 10T e 2[R
R SR T E AR T RE . B 3 AR B TR TS
BRAL S FAE AT JOLR R IR R, FRITE K R
ARARTCRR A R 2 SOl (+ ) 5 IRTTAR B IT Unit 3 1R
GFDC C, — 3 S TR UK K B 7 ) (PG Albert pers.
comm. , 2013) . WARITPE Y Unit 3 GEASHHINAE , 5L v] 0 3E
X AR IR TURRZ A7 1 2 X 44 , 5 H A 8 AR 25 R A2 L
IRE, I R HAR DU Z R AL A X AR 29 . [zt aT LUFH
WAL R]HZY Unit 3 LTG0 AR, JCHGR AR
FEAERAAE AW o 29K, SR I )2 DC BE 48 3 LA
WREESE A 1) ERCRFE, TR RIS B R E L
TEAE S Rl ] 24, P AL S E AN KR 7 3 n b J2 2% 05 8, Rk
I BREET IS BB MBS S u R AL R Rk
FARERRSE LR A A IR AE B 07T ) D23 AN ) e R K
HTY/3

TE LR B R AE PR 530 0 b2 SC I T, B A AT 58 114 T
ALBE TR APk Ho— AR5, oy 25 AR
WHEICR FICHE X 3 B 6 9 AT LAAE — B 2K f g 0 i 2
WM Rl —A~ Kl g & ( Brendryen et al. , 2010 ; Tomlinson
et al. , 2012a; Albert et al. , 2013) ., X—AIKEH S5HIEIL
UG BURIEAE AN 7] 391 0 W88 252 19 L K B A E U R
HEATIX A3, 128 L IR 1A G T 36 i S T 38 B 91 ] ) sl i
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2013)
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Fig.3 Schematic illustration of the correlation of tephra layers
(PG Albert pers. comm. , 2013)

The use of the glass geochemistry to correlate the lacustrine distal tephra
layers to their proximal counterparts. Major element data reveals that the
proximal upper unit 3 correlates with a distal layer ( + ) whereas
proximal units 1&2 do not correlate with any distal layers

B4 MEAH ST IR A LK
(a) PIRRAT LA A KUK ( <2mm) 5 (b) PIHRAS AT I A
K K GRS < ~125um, i Lowe, 2011)

Fig.4 Distal tephras in marine or lake sediments

(a) reworked visible tephra layers ( < 2mm); (b) non-visible

cryptotephra (usually < ~125um, after Lowe, 2011)

TR BRI FAFAE . I, Z TR, i B AT
AR KL B B Bl o0 3R R R #E AT bulk analysis”
Ukstins Peate et al. (2008) FIHTSE B~ , /DT 1mm BYH7 AR E
JB Z W] IAEAERRCR I M BR AL AN 1 — o il S BLSE A S
RFE, KILBJE B spot” 23 B J5 s i 1 A e o H = B
B JC L FBOR BRZE , L S PSR AT DL (5] 4a) 28 S A
AT DL 4b) iZ S0 T UURR S Hh i S 0k Ll BRGE 8 R A
DA/ K ISR (S ), 3008 B ALK o3 1T 32



3494

/’ :

'"/’4/ V7 -
K5 #REL Krakenes 40 K 1L K Vedde Ash i kL3
JB (#f Lane et al. , 2012)

Fig.5 Photomicrograph of glass shards from the Vedde Ash
in Krikenes, Norway (after Lane et al. , 2012)
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W B k1L K (3 Ukstins Peate et al. , 2003)

EVBEPE LKA il (4W SW) ZERU TR -7 3R —IClEI i th g A
BRIEM LA 1T RO A8 T A DR, W8 35 DX 70T LAl ] K
Fig.6 The use of trace element ratio combines with isotopic
characteristic to precisely match the proximal and distal tephras
(after Ukstins Peate et al. , 2003)

Indian Ocean tephras (4W and 5W) plot within the range of Ethiopia-
Yemen LIP in the trace element/isotope biplot which remarkably
distinguishes from other possible source volcanoes

THREOR . IEAER, X A3 AR RO AR RNy B B ek
(Pearce et al. , 2007 ; Tomlinson et al. , 2010) ,fy_F iR [n] &)
flR AR 7RI RE S O R k- H R S S R R B
(LA-ICP-MS) & ¥ B 4R BTk (SIMS) , 38 i it oo R
FRRELE/NA S ~ 57 FY3E FEL A B 7 U 4E ( Tomlinson e
al. , 2012a, b; Albert et al. , 2014) , F|FH K0 E R IT R
MECAAHHZATCR B TTR) S04 T K LRI Z Y VLR , RS
PAFGETEE E AT SR A OCIREE A, & 6 R TR kIl
YIS i 0 3R 45 G R) AL 2R R AR A A DC IS0 -3 K L
JK o ENBEFE K ILRRE R AE R TR -[A A2 R — g g A
BREEM - R KO 4 B 7E X, Wt 35 X0 1 Ho Al vl
BESVE , IR I R 8 58 37 b 56 B ( Ukstins Peate et al. , 2003)
P 7 T s BAEL A L R DEBC 45 5L, S 9 7= 4 CI lower
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K7 Z2 Rt o0 2 38 ) i 24 2 30 PR3 5 K LR O BBk 72
BT GE Ik b O B A 9 45 2R (H8 Tomlinson et al.
2012a)
MR ) Campanian Ignimbrite ( CL) BRFAESE 7R 1 p PR Rl 0
B MY — M (LR E =AM, LedM #in iz I8k
TR TR AL (B 0) S I 90 B 5 Y453 (CL lower fall)
ity
Fig. 7
match of the proximal and distal tephra chemistry ( after Tomlinson
et al. , 2012a)

The proximal fingerprint of Campanian Ignimbrite (Cl) reveals chemical
heterogeneity due to deep or shallow processes ( red/yellow/blue
curves). LGdM distal lake tephras perfectly match the most fractionated
proximal component ( CI lower fall)

Multi-elemental data offer a more statistically robust

fall (i f8) 5 400km LSRN #IAH & 1L K LGAM distal fall (4%
6,) FE A TG 2 IR I (B HORS f DC T, 22 Rt T AL R il 29
A — K LK G B SE RN G2 1 ok B o o W] 5
(Tomlinson et al. , 2012a) ,

25 PR, KO A R — PR R R A A S
BT e AT AL I )2 2 R L B AR B R 4, 588
PEAE K LR 2 25 (K2 5CER) I FEAl =, R Lok
AEMIEE R A TR IR AR 2 R TRIAE IR 1 B A A5 B RIS He, I
MR FIRAF TR Z 7 #E 4755 3 L [R5 FE 47, L R 2 o0 4F
448 ) 22 LI TE M H 1o

3 KUPRMIAE TG RS

LR AR 2 R A 3 ST A K LR DA F) 2 ik 22
o EHRA, IR K LR R R, B R RE A A E
JoRT LA R AT 4 s A 45 0 4, L IR S T Y A/
¥ Ar (U-Th)/He 3% A AL " C 155855 X140 50 4
TEUR LR , FEAURLAS AR 25 Py BRAS T L, ] 2 00 4 e ™ €
JPAERN T B MAERLEFILT , A FBIA TR A G
HRYAFSUZTH A (varve-counting ) L K ¥ SR £ 28 K SCAF
FiFR R (astronomical timescale) , 5 fEAT 20 X 3z8 It K 11K
FTAFRS 200 . T T ) A 25 28 I 47 5 3 B9 0t e o % g
S

UC O R R & T /NT ~ S0ka AR KL T
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78 45 (Reimer et al. , 2009) o DU I R ok LAY T4E K
1% % (Millennium Eruption) S5, Jc &' C 4 T {E 0] B Hb 24
TR AR 8 LUK P AR S B GE [R) R A AETE , 7
X R Y 5T I R 2 A A5 A 4B, A RV RIF S A 21 1Y
HCAR IR IE 45 SR A B R 2290 11 1200 ~ 1230AD ( Liu et
al. , 1998) 949 ~989AD ( Horn and Schmincke, 2000) ,930 ~
943 AD ( Nakamura et al. , 2007 ) 1 945 ~960AD ( Yatsuzuka et
al. , 2010) 4 . F, Yin et al. (2012) F1F F J 1l 11 g
FHALASE 82 4 AMS M C AR HEAT IR IR VAL ( wiggle-
match) E4E , 2550 923 ~939AD(95. 4% ) | 45 4 KW S R AS
ARy 3 S E s, A BT T 4F A B I 1] 0 938 AD i Bk A
939AD REFEZH], X—45i8 5 Fukusawa et al. (1998) F1|
TR LUZ T EAR B0 T4 I A I LK (B-Tm )
I RE AES5 R 937 ~ 938AD AH— B Gl i WA ULAR Y Hh B-Tm
KRS [ FR 2 To-a KK (915AD) Z [B] AR L0211t
B2 B-Tm AR %) o Xu et al. (2013 ) iRl 7 T4 RWUA
— PR E R T 27 A SEIR PR SORFE AMS U C RIS,
T FEARILHD , 15 3 940 ~952AD(95.4% ) X — 45K, 4G4
FE s B HRl, IS 45 1 T 946 AD &KX —me kI, ik
PSR IR 5T 32 W], BV R L B — AR 48 45 2R By ] S Y 4%
FRICHC" C 2 4F , WIE IR A h— 8O TAE RS R ARG . %R
fpigE S g R P YRR SR, 75 1 R LR AEAR 2 i — 25 T
J& 22 R A1 Dy 12 38 SRR Y LA o

O Ar/® Ar A RE ELAT B RS BE AR B AR R Y K
WAL IO T S AR 4521, H B AT E bR B R AR 8
1A S 50 %8 A L 1R 25 O TR RUBE ARS8 o 120, Yang
et al. (2014) X K i (R 2 0T & T R Ge i R ke L
VB B (033 K A7 S A A TSRO B B AR Ar/™ Ar 52 47, 1%
BT 5 4> 20ka LRI, Horh 3 A& PRAE It , 73 4h 2
A Ska LAY 48 % DU 22 3 5 B8 40 BT 3R A5, 7T S 1 FF 0
E o TZWFFEE 7% Rt K LUK i 30 KLU AT g bE SE AT IAIR
B AE

XEFY A/ Ar i, R R A BRI AN T
A DI AERS A5 (Yang et al. , 2014) s X5 C 2 4F, b
BRI KRR E M N0 E P, e T % iR TE
HeL 2 AR B RAL (2 40 ~ 50ka) H4F K Z (Reimer et al. ,
2009) . G K A KB 4 (U-Th)/He J5 3k, 45 4°° U/
BOTh Sl 2 4F — i F ( Schmitt et al. , 2011; Danigik et
al. , 2012) ,—EFERE EIRAN T BIRIENARL, 5 K/Ar 3
A ZALL, U-Th 32728 LR TE (U-Th) /He {A & h 75 5
ARG N2 He A2 R R P RESS PR B HIL, X AR 0 77 £ Jil
AR IORI G He XEARIS = £ T ARSI, 105" C J7 kA
ke, (U-Th)/He I 4835 Bl BI 55 1 H TG A ) ) ~ S0ka 2
300ka Y] 6 T, HAS A 1R B0 I E R M SIS TRl
WL PRI A BT 2 W T IR SOl E 4, 25
maze kb AR E R X — 47 ) F-Bto Danisik et al.
(2012) M AIZ I € 1) 2 F 1 OCIB 7Y pg 1 X ek i
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F-BEAITURUZ Y (19 Rotoehu LUK (45 i, I FH™ € 5 ik IF
AT [H] 1 238 S5k, B UE T (U-Th)/He W & 4F # (1 7]

AR GUR AR RN R SCHE AR R 3 J31) 368 1 T AR R i AR
KAURIYEAE o WA R I I hF  R B FELUZ X
LA B M UTRUZ 3, B AR IC SRR AR ZE T R 4L
I P44 B Bl X SR 8 BRAH B AR PR3 L A AR rh 208
FIE S A ORI AL, A58 AT A5 380 4 [ AR A A4 M (9 AH X6 4F 18 1
H, B ] o3 BEAR AT R o RUBE . AR B2 48 7R B A X 45
%5 PR A 535 ) SO 2 1 4 X AR R AR 25 1, 3 AE X — DT
TR S T 5 43 HE 2R 4 6t e ] e 5 (X 3 B4 1996)
DRI UUR o n] R A ALY 8" O 1 bRt B s A R
RICAEAHR R, DA 5 3 R V8 9] 187 198 458 L I B -4 ) 7 28 -4
= MR, Tian er al. (2002) AR R 1R TERE IR 184
ALK 1143 SHIRAIA FL IR Y 8" 0 WEkl, B 57 1 P9 KPP X
PE SMa S HEER A 2 ~ 3ka B RSCAIEERIER . AT L
AR B [T R IR SR AH 1L 2 T AR I i AL 1) J2 6 A5
BN 4 X AE WS 19558 (Lee et al. , 2004; Liu et al. , 2009;
Brendryen et al. , 2010) , #ill0, Lee et al. (2004 ) | K SC4E
AR RAG T VRV 5 FL H & IR Toba K 1L R B 48 5% 4F i
FEE S Oldest Toba Tuff( OTT) f4E #3161 & 788 +2. 2ka,
Liu et al. (2009 ) M4/ T 125 3 B 4 25 1) AF SUZ DT (A5
I G S AR U2 ) # 7 T 3R R R K X 15ka D)
SR JALIAE T ]R3

4 RINRAEARE TR R

JUDRAFARE AR S PR, Al Ll AR BRI 73 B
ORI, SR A T8 AR 7 i AN HAT B 23 1
Mo ITIEFFARXS KB JZ AT I AF , T 2 368 1o 3 )= S Bk
TS BEAS [ R ) 1 2 ) 4 1 {7 B A SC i i i . 5
— KRNI BRI, KRR G T & ISR T ik
IAE A IR L2 U AR I 18] 52 SUSRIE 19 AT BE , 7E R IE 42K UL
FRUZ P HOAR R -TR B i 4205 TR B OC EVE AT, b Ah, %) T A
AWHPERFE A KB Z | B U5 A7 I8 35 D03k 1 5,
VEAR G 2 B TR A o At , U Rl Yk Limsg
K7y RE A TR TURUA A i U R, B AT AT 4 J= 2
THRATHEE R A R YRR P R T7 68 7l 3R 858y
SURIC AR HEBIFSE

JARAFACEAAT T A R DURUZ B R B = B4
PEORTR , X BER — U K P I A 1) 7™ ) ) PR BRI B2 T AR
GPATEL)T AR BT A AR KW A AR BE 1k 2 nT O LR AR, DY
%I IEAEN T A —RE IR o BLAh, ik AS B iR 22
BYOR BE LR AT S 1 A7 — 2 AL, K LK HB 2 SR IR 1 ]
PRSI AF (1405 T R A 88 45 2 1) 2 K IR AR AR
WEE TARMITRE . VR 22 D3R 34 ) fE S B0K K 2 5
SRI, B : (1) AN SE R IR A L TR BTG, 1 FS0IE Y-8 U



3496

SR BT ; (2) e PR TURRZ 9 JLL K T2 i 52 — R
Ty Mtz S HE PHICRR, 3 O 2 X FERHRE L 5 (3) HoAT 2Rl
SR IR Z2 TR — KL R B, (5 26 RN He g
WAL 5 (4) LIRS A B 028 3 B 2o 8 v K A 1) Tl
33 S M RGBSR IR DRI, 5 ] U A o 7 £ 3 5T
RRUR BRI M1 35 it 2 70 T 7 32 A5 1 B A A 19 2.2 5
(5) PR LI ZURA B8 P K 1 3 35 A TR A AR
P A PR HESS 25

5 RUIRAEACSA R ik

RN SJy S I TR AT LA AR 25, 7E 5 U 28 45 2 Bk o
AR ZEN o LA A A 20 L0 o7 P £ 445 3 )2
EaC A R T QITE SN LR T SN V1 SN R 7
A A T e T H I B i 2 0 PR AL T ORI A
SRR A OB 12 ) SR AR 2R A Y B
LA AR HEAL ST AF UK (Lowe, 2011) o AR SC2E 5] ik

(Fpiesin
5.1 ERF—HHNRUESE

AT LR S B AR R 2 AR 1 38, R YR 1L R %
ST TG 2 4 7 AR 2 ) 202 Ll R AR AR 2 B SR AR 1 N o
R K, ks BE™ Ar/™ Ar AR AHZE I K L F 6 10 A
IR HE, Smith et al. (2011) X} H 7 Suigetsu #1371 H 1 — 2
T8 LK (SGO6-1288 ) F I Y5 7= iy HF R i 5, S 3 T F1L
FRERE" Ar/™ A 5 )12 o X MU R A T AR AR 22 2 Y
HAr. BB — 5 A 78 TR R A AT 182 A4 1k
A C AR SG06-1288 K 11K JZ AT FRAEIL L C R 4F,
SRR 5 Av/® Ar AR IR UK UE . BIFZT W, WA K L
JK Ar/¥ Ar AR 5T Y C AR IS B2 RAE 1o n] {5 BESE
B P — 0, BTE T30 A A IR K LR RER ROE 4 . %
5 9 107 FH Y B T 1) B LS L R Y 5 2 1Y Ar/ Ar
A WA — 7 I RE 311 47 802 17 2 B 18] )3 91 7 16 S 448 %6 4 i
B, 53 —J5 T AT FH T QTR i B A7 19" C AR IS -TR
M2k, B I AR A MY SR 1 B IR 2% , 72 W10 DURR 9 = ks
AR RIS A R o

52 HEBEF—SERTHNEZTER

R PR BRI PSR, U R AR AR L
F—AERYREE N % 4= (Braver et al. , 2008) , [a]—3 {47 A [6]
it DX IR LEAE ] 8] A0 B ) 22 5% (Ma et al. , 2012 ; Lane et al.
2013) . TR RAE RN 25 28 5, A B T T A R A
AT R AL o SR, o PR BE A0 S S LB 47 1 8 AR R
25 AR TATICIATE T 18] L AG b R 2 BEAS T AT TR TS
oA A A DX 22 S M GBSl PR 2K o AR [ A9 KL IR TEAS [ 9L
PUC e B, (45 LLAE Sy SAL R AE TURRIC SR T AT BE .
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Lane et al. (2013 ) F| ] Vedde Ash §EHA A #IA TR0 3%
({8 % Meerfelder Maar F1#} gk Krakenes Lake) , B} % 75 [A]
BRI 2E . DAHCR SRR, TR R BURMIL Lo AR T — K
AR ZEAE S AT (Mid-YD transition ) 7E 4 #4155 HHAE 7E B[]
25 (F 8), My L FF 22 1 120 4E 1y “ B " B4 (time-
transgressive phenomenon) , ZAF5EFR Y, RS IEA
BAUERARNBR AR FEAE R 2 BRRUE BRI 2
— BARE AU 57 B TR] I P 5 — R B 2 7 1 A R
HEAT 4% 422 DT IC AN [ 45, b i DX 22 S 0 B 2 B R
(Blaauw, 2012) ,

53 EHF—BARRESAXEL

KURERES KIBEAAE R, HAE2E 2P P R 3, A Bl
T AR A0 TP 5 B AR TCE A I AHSCC &R
|=PaRring A P ] Chuk 4] e = e PN N S [
AFIREOKE A4 T 9898 B B3 1B —— T+ & e 2 A
(Neanderthals ) #4MR FYBLAAZE (AMHs ) Fr 4, 257t gt ik v
W TS T Xt AR G 25A T 5 R
1) Campanian Ignimbrite (CI) JC 1L & AFFH (40ka B. P. ) LI K&
I B S AR 344 (Heinrich Events, 48ka B. P. ) & 2¢, &4k
[FIVE P Je A NN IR, Joe 24 S 15 5 AR K
JE e Lowe et al. (2012) 4250 T R i X 45 R IR T
iy CL BRI 2SI Al g g, DLSHIE |
RUTRIHER . BIFFER WY, R R AL R IR A s G
T GRS Py e 9 LA B B N ST E R DR i )t B 4 A CI g
RHAFZHT (L 9) , BRI LG B A 2 B2 3H R R Bl oy
N RABER TR, BAE CT & B2 fi e 24 At
B&U K, GG JALRTER B R B AL %A R
WS BA AR JE 228 A\ 26 K 1 F 2R A, AT 158 A] e 32
Fk 3 B (AMHSs ) A=A AITE 4 0 B A e 4K

54 FRAF—EREUSSEERE

FHTRTNFN DG L 2 1 Kl B 58, 5 kil a —
R, H BRI A I ST IRV B A A A 27 B PR T )
R, Solheimar JF 25 EE IR 2 UK By Katla 11— YR B &
WEBIAITY, Tomlinson et al. (2012b) X E A ) 3E JiE I 2 o 5
YT, RBILILR A 4 55 IRk 4 43 9 TE AR R G R L B A T
RAFRA IR AR M XK M 5EE A HET r
SEEH(FC) (ER 2R (PM) PR3 -Ke 15 B ) 3 Bk
A FHRRIE RS L, R B 48 7R 1 UK By BRI A KB R, 42 i T
Solheimar I35 45 BE K 2 1) 22 B B RIS A

TR IR AE 6 0 3 0F 98 5 TG AR A JHG ol 45 1)
Ukstins Peate et al. (2008) F1) F 58 BE 4> #7707 0798 1 BRI
TS FL AP A IR JOLOK , e B A A7 R B B 26 /N T 1mm
HIRBEE NI T 202 K IR 2 85% 1 32 4 o0 R A8 46
(E10) ,IFBH 5 3% )8 B9 “ bulk analysis” #H E, “ spot analysis”
Regn N 28 FIE SO A & 00 1 — el P 8y, A
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Fig.8 Comparison of the timing of the transition event of Younger Dryas observed in Krikenes ( Norway) and Meerfelder Maar
(Germany) , alongside North Greenland Ice core record ( after Lane et al. , 2013)

Records are plotted on their independent age models, which agree within 20yr at position of Vedde Ash ( dashed line). The transition event in each
record is marked by color change from blue to yellow. In Krikenes, Ti proxy records abrupt change occurring 20yr after Vedde Ash. In Meerfelder
Maar, Ti and varve thickness proxies record abrupt change occurring 100yr before Vedde Ash
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Fig.9 Schematic illustration of the temporal relationship between CI eruption and the Middle to Upper Paleolithic transition ( after
Lowe et al. , 2012)
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Fig. 10  Photomicrograph of a banded shard from distal marine tephra layer SW (a) and the comparison of chemical compositional

variation between the banded shard and all shards from tephra layer SW (b) (after Ukstins Peate et al. , 2008 )

Si0, vs. TiO, with the full compositional variation of all shards from 5W shown as blue circles, and compositions measured in the banded shard shown

as green circles. The compositional variations observed in the banded shard represent approximately 80% of the variation observed in the

entire eruption
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B o i 22 A B 2 M S A YRR ), AR
7, AT PRDURRZ A 2 A KL B 52 8 e S B e IR 3t Jl g
R DT ARAT R S AR AN AN T 53— J7 T, A U™ P
AT BE P ECK LKA A B Bl o PRI, I IR K
PSS AR BT R SRAT I Oy T 2, SO i 5 A A7 1) 39 2 1)
R VPRl LRI R R WA B R A GRS Albert et al.
(2013 ) F FH#IA B LA 7 ORI b A BRI U I LK, 48
T RER AR KL AU, IR HLE 2™ Wy i) 2 0
MBI R Z 800km LAS, Sy B A IR AE 44 JC L8 A I o
GBI PAG A0 BB AR AL T S5 B o

6 KrAREKILTE R AR

L R K L TR 2 44 ORI L, R 5 i Ak
S TR A 35 R A R A JE B, RS R R
RELTAT 5 T 5 I B, DA D WG S e o R i 15 2l 77 A s W 1
TEEEBE I TS RIB B (Wei et al. , 2007, 2013) M H R H
AR Tt 48 A 1 KL St B, U AR AT T4F 2 A 93
MR AU 1, A A R R i 25km , W5 1 A9 JC L e
JEARFRIAE] 100km’ 95 2% ( Horn and Schmincke, 2000) ;
WK [l AR 188 2 H AL E A 5 (Machida et al. , 19815

Machida and Arai, 1983) , f it & 52 2| K FR 1Y 500 T B
Ml 2 HIX (Sun et al. , 2014a) o Ktk i E Ry 5 F e
W 8 Lz — T iR LS 5 T s 7 ) G A 1 RO R AT
REWE RAGINEE,

ST R LTI AR BE AT, AN E TSRk
&= TAE(Liu et al. , 1998; Horn and Schmincke, 2000; F E
&£ 2001 ; Nakamura et al. , 2007 ; Zou et al. , 2010; Yin et
al. , 2012; Xu et al. , 2013; Yang et al. , 2014) {HAEEZ k11|
R AEHOR B B BRI LA S 2 DR A AN 5 e S ) L)
AELE (AT I Y 7™ ) JC 1 A o b R 3l ¢ 1L B BT 1 LA o
MRS AR5 o 28 T K K, 2o 25 A BIF 5T AR BR T
PARR AT DL WA 7 ) B-Tn e A H AL H AR 1355 DX 7
#ii (Machida et al. , 1981; Machida and Arai, 1983; Yu et al. ,
2013) , /b2 3 ST W A LR DA B AR AE A 1 1 BAY
H43475 (Sun et al. , 2014b) . 2 1FJFF 55 (2005 ) 8% 2 AR F X
F(2012 ) B8 2408 7E H E AR AL 09 e v 35 S TURR 9 Fn
Je i AL XY RTS8 T 4 B ik R, AR 4R L
AR J2 L LA B TR B 3t 3R A~ R AR K AT EL A KL g
RHAFARRTK . Lim et al. (2013 ) fgile F) R A LR AR
PR KB T UG AL AA AR B-Tm B2 A KA LD
AR I 3 WA RBURE B T BT AR (BT 4
50. 6ka . B-Sado Zj 67. 6ka .B-Ym %} 85.8ka) ., FiAWFsE4E/~
FRATT, Xof A [ AR A 8 B SEL AN H A OB A TR AR A Ll K
WF9E, R SR B I R b 2 = AR L 8 8
AW IRAEE , W] RERE A 7R R A LU VK DA R S 1 e
KD LA IR . B ETX — TAEIETESE T 2
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