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Abstract Integration of field investigation, regional stratigraphic comparison, remote sensing and image interpretation allow us to
divide the Tarim Permian flood basalt province into three eruptive cycles listed by decreasing age: Kupukuziman flood basalt (KP) ,
Felsic pyroclastic rocks (FP), Kaipaizileike flood basalt (KZ). KP features flood basalt and tuff; in the outcrop in Keping and
Yingmaili areas, it can be differentiated into two units containing three thick layers of basaltic lava flows. These three layers decrease to
one layer of basaltic lava flow in the Halahatang area; however, felsic pyroclastic rocks and lava layer thicknesses increase in the
Halahatang area. FP in the outcrop in Keping area consists of ash fall tuff, ignimbrite, resedimented pyroclastic rocks, and the tuff
layer interbedded with the normal clastic rocks section from top to bottom. This section is comparable to the tuff layer in the Yingmaili
and Halahatang area, thus reveals one layer of lava flow covering an extensive area due to a unit of the eruption of the FP. KZ mainly
features flood basalt in its Kaipaizileike section, identifications of 4 eruptive units, 8 layers of flood basalt, and 1 layer of andesitic
basalt were made. Traces of clastic rocks were found between eruption units, but no FP interlayers were found. This characteristic is
different from Yingmaili and Halahatang volcanic sequences, but similar to the flood basalt in Tazhong area. The differentiation between
these three volcanic cycles reveals that Tarim flood basalt underwent a “ flood basalt-felsic pyroclastic rocks-flood basalt”
transformation, and is similar to Afro-Arabian large igneous province; thus, a comparative study between these two regions is merited.
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Fig. 1 Sketch geological map of the Tarim basin
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Fig.3  Schematic volcanic stratigraphy of flood volcanic units emplaced during Permian flood basalt volcanism in Keping

The data of YM30 and YM5 after Tian et al. (2010)
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Fig.4 Characters of the section and the outcrop of the Permian flood basalt in Keping

(a)-distant view of the Kupukuziman flood basalt, with thickness up to several tens of meters, with columnar joints; (b)-distant view of the bottom side
of the Kupukuziman flood basalt, successively from the lower right to the upper left are Carboniferous sandstone, flood basalt (El), interbedded
pyroclastic rock, flood basalt (E2); (c)-in A section, distant view of the basaltic tuff, felsic tuff and felsic ignimbrite, with the red lines showing their
boundaries, the boundary of the basaltic tuff and the felsic tuff is also the boundary of the basaltic volcanism and the felsic volcanism; (d)-close shot of
the basal surge deposits at bottom of the felsic pyroclastic rock cycle, with light green in color and bedded structure developed; (e)-distant view of the
felsic pyroclastic rock cycle,the red line on the left shows the boundary of the Kupukuziman flood basalt and the felsic epiclastic rock ; (f)-distant view of
the Kaipaizileike flood basalt cycle, the red line on the right side shows the boundary of the felsic ignimbrite (right to the line) and the lava flow (left to
the line) , also the line is the boundary line of the felsic volcanism and the basaltic volcanism; the thin red lines shows the boundary of the three stages of

flood basalt; (g)-close shot of the agglomerate lava, massive angular blocks set in a magmatic matrix which was altered to be hydrothermal alteration

minerals by metasomatism ; (h)-close shot of the agglomerate lava, the arrow shows the pumice
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Fig.5 Lithofacies characters of the Permian flood basalt in Keping

(a) -photomicrograph of the basaltic tuff situated at the top of the Kupukuziman flood basalt, the arrow shows a pumice fragment, indicating a violently
explosive origin; (b)-photomicrograph character of the lapilli tuff, the arrow shows a elliptical accretionary lapillus, the long axis of which is lem;
(¢) -scanning electron microscope (SEM) of the lapilli tuff, the image was filmed inside the lapillus, containing abundant chicken boned glass shard
(‘as the arrow shows) , indicating a violently explosive origin; (d)-hand specimen of the basaltic ignimbrite at the top of the Kupukuziman section;
(‘e) -photomicrograph of the felsic tuff in B section, the arrow shows the fragment of the accretionary lapillus, indicating its position corresponding with
the airfall tuff in Fig. 5¢; (f)-back scatter image of the primary ignimbrite in the bottom part of the felsic pyroclastic rock, the arrow in the upper left
shows the debris being glued by the magma, the arrow in below shows the homocentric ringlike fissure which was formed by the droplet of the magma
shrinking when quenching, reflecting the characteristic of the primary texture of the ignimbrite; (g) -drilling core from borehole YM30 with the depth
of 6333m, tuff with the debris of the striplighted albite and granulous quartz, the crystal fragments and the debris are mainly crushed and closed
angled, with the edge corroded occasionally; (h)-drilling core from borehole HA1 with the depth of 5541m, the vitric tuff indicating a violently
explosive origin; (1) -drilling core from borehole HA2 with the depth of 5492 ~5494m, the vitric tuff indicating a violently explosive origin
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Ko FEHIEIN KZ T [l v (4 95 o 0 vl fE 52 P s 1 A1z 52
REST A, R B 1K 1 3t i X5t m] RE B 1K G IX 2 )5 18 2
F i RO TR

2.4 NUBMESHREDLE

TEREIEHIX, K32 0 AT AR 2 - (1) KPR RI 22
DT et i B (KP) - IO LR o (FP) -3 daa
WREAH (KZ) " (A 1 i 5 (2) S o] 2 205 Mt 2R
A ZaBE KA 5 (3) K3 UHE 1] 32 2 L E TS 54 i,
RIREZ D) T DU Y iR 2= DSBS 75 (4) KP Al
FP e [ 75 R [R] 025 18] _EAF S B AR

RIEFKN AR A A B RR R 2, Aok
BHILHIFAR . AEK SR F7 iR 2 iIF IR 2% 7 o fil
P K L R JEE B 7 oKL S B R B £ R By ~ 8% 5 7
LS H RIS T i BB/ T 5% 5 12 W47 e 35 1
D, RGBT JZ T 5 L BIAR K, i 60% 5 T 8 J2 4 o] 351 T,
AT BRAE 2 B4 H B, AR UL 2 B Sk 5 TR0 v L X, 2 P g
X, BARMAKIEFUK LA KIS Aol . SOk,
RIETT I 7 GEih M B0 DR, G LA 28 28 32 B0 I igs
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ARIE A, J8 T Ll AR 460 00 2 e ) T gl A A s T K
W FFTE RS B a5 SR s . I T REFUS AR, b
IRIE K FVAHIEEZ KL e R 1) BN AT REAE ARG R R, 45
ARSI T M DX B T L BT o LA AT AR R ER
P, RIS Ab iRt JC Ll E P o LU B AT BETE 2% ~8% , 5 HEJL
AR L S Y R i U 2 A (9] 4 Parana-
Etendeka, Afro-Arabian %%, #ji Bryan et al. ,2002) 2510,

3 KA Y

T A R X AR, HER SR D,
HEAT 2R G827 S 58 LI A AR 1KLL AR 4 TR M
PRI FRAT] T2 30 2ok 25 A 27 AR AIE | b T8 SR 0 T L RS Rl 2k L
HJZERS HOAE 7 2 AT K A AR 23 A o 1 T WF 5 DA [ 2k
WEEAH B RFE AT 23T

it YA 2R A LR TR R B v o & i A S geiA
Az T LR AT DU 24 W R A (Tyrrell,1937) o SRR KB
T 2 B MR AN R AR A A A B S R 22 LK (aspect
ratio) AR A, 75 50 ~ 500 Z 0] 53K th A i 2L ik 4, e W
WA JQLAL  ZEAR I W EE B I, 3R IZ AN AR E5 4 JL T
i 7254k (Self et al. ,1997 ; White et al. ,2009) , FEEERL X
1) KP 1 KZ fERmI¥) & 8 £ B A 2 80E, RS S i
PR BRI R T IR EE . B 2 W] L, KP i [l 36 e AH X 3o
TE i 30km HYE B LA, KZ e g i Al 2 A 79
T R/ (EAR T BB TS S0 AR A 2 55 i oK B 1L R b
o WRILHEIIE L (Google Earth™ ) F2HT . W5 X 7 1)
I3 R S0k 1Y % 22 ¥ i X o i 3k, 1% Sk ORI
I T It ) A T DT, EL BT AN 174 )2 57 58 4T LK
A I BF A WS I WA AT 07 68 Sk DX 368 K A R L ik
SR, R IX XK R E o R R . T3 8 AT
NEJEE N2 L, A B AT ERFEER
TS TR G-I L RE WRHE , AR R BTG & T
SERAE RO BN — B . 78 9% SE 7 Hh XY b RE ) AT Y
W AE T 1000km” X L5 35 2 ~ 3km Y
JEZ A2 (Tian et al. , 2010) , FiRFFR R HHEARZ
Bt R E B MR R TR I X A TR

AR AH X R 5 AL (B AE KP i ] AT
22 )2 LB O R A e T A X o 2 8] TS R L
WS ) S K o BT Sa DR TR T 220t ) T KP g [ T
RS JE A AR AR, A PBTAT D0 6 5T 2l R Bk
IR B e B X R IR A A T8, AR X 45 i B
REREAE, LR A LR . FRES R IER L
BOE I A I AT B SRR T oK B 2, fEAE ST IR CE K R
( phreatomagmatism ) ( Morrisey et al. , 2000; Valentine and
Fisher,2000; Ross et al. ,2005)

o] 5 5 S X5 48 A K LLRR BB B B R A BT AT A
FAAE: (1) 23 ARG JRERERRGE 5 (2) UZ MERF, P AT)Z2 Bk



LR A R ARBRIAR T K B A

T (E4d) RIS R (3) 8 A2 K Bk B A ORI AR
(E5b) 5 (4) kR EE A (< 250mm ) , 2 & i i 80%
AR ZEICES AR SALEER (8 5¢) . DL EFRER,
TR BEIRE T RE R 25 ¥ RH LR TTRR, X 17 1) S L S &
B REAFERAY W R )7 R RIZ R KE A & o HE 2R JOLBR 2
FH 2R (4 LU BT i F A LRIV AR R T 5K 0 A VE T T A B
254 B ( Gilbert and Lane, 1994 ; Schumacher and
Schmincke ,1995) , 55 % 1 71 A 24 5% ( Self, 1983 ; Schumacher
and Schmincke, 1991 ) , 4 & 3% 15 J¢ 1L B8R W] 0 FR (9 K2 T8 45
AiE , 2B K LT % 5 7K %5 22 ( White and Houghton,2000; #
PORNAEAY , 2005 ; XUFA R 45,2008 ) , Hok IR IR BITT AR 5
R KRBT 5 L, TRIE SHE KW k. 1B Se 2L (s
Sk BT O L PR A5 BE IR A vh 8 A K LR B, 0
WA o 75 T R 28 I3 1 DA SR VA S 6 38 L e s T )
FEAS (Self,1983)

PRUUAR K LU T o R HL SRR JOI LR B S5 #3238 1 2
L AP IR R IZKEA R T AR ash, 8L
F-RR KRR AL HE ST R B L KBRS T
Hb, s AL B IR 2 S0 B8 A A S (&
S6) B BEHIAEE IR VR (0 K L BB, I 2 1 W LT AR TR
TR R A KR

FP i [m]_[ 305 22 e I o AR DA R sh e, (H
I LR e 2 1 e 7 e W LR LB b DT AR A K Ll
Bl JIAh TR X B KB B S S 4 4R T B 5 S
by DXL 3 3 DX R AT S J5T L 18 1S 2 W8 A 35 Bl A7
O, JEAE I IR LU 18 4 B 4 B B o i o 1) B
P8 THBEBTRE TS b R I X B Bk R A R 2 3R B e
U5 Z B KL B, W 7R FE AT BB 5 SE 0y K M R i B X
M Z R HR A B G

KZ Ji o] v i B J Ll e B o T REAR R M A7 7E Xk
T SR R K L T B T BB R RS 5 T AE T 3l I
JRLE BRI S5 I B SRS S T8 B, 2 A AR AE X Kl
HiR 7 20 2 B AMIES

4 BRI

TER Bl L 2 A4 Rk TR A AL RS o A e s
TR T L% K A R B 3 = )
oA FE A A T B R e T KOs A e S AR R
EZE SR AR E RN Vo MR N CIREA: ISR 7S )
B S AT SR AT AR AL K A 4 45 A B B g & T 5
XE 4 7 AR, AT LIRS B BT 1 B A~ OB 2
A L A

XoF A BROR il U 02 B KL AR AR A
(White et al. ,2009) 2 A K Jili i 9t 2 i 5400 = 20 AR A
A, T R K LA S R 5 300 DA 2R st 4z Oy
AiE R AU i 2 i i 2 A B &+
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AR, RIWTHATE A 22 s T 2 2 22 ) 1 LU e s o e
JZ, B FriE aY “ layered cake” %, “lasagne” . TMiEE B AV i 2 o,
IR TS A 2 T KRB A TR AU Im 245, Rk
LT Faeroes( ~56Ma) il Siberian Traps ASFEEEIASH
KA 2R T RGN KL TEE Y, 55 Afro-Arabian 51
KK INEE AR ZERL (Ross et al. ,2005) , X A fE -5 J5 Wi
TAE R R LR 2 R A G, o T B R AE R
Mt i I Bl /D i K ELA SR AL IR A IR R 0y o EAM  TE KP JiE
[ JEFHS A R B ST S5 5 A F0 KZ e IS ) %X A =2 IRl &
TR EERBOA KGR i, HL AR T 0R: /Y ) TR AR A T e 2
KZ Jig A1 Ji& &8 19 A< 32 3 ok 1L % JB &, X 5 Peate 7E Afro-
Arabian & B4 7 H 7E F 3 % 0 R A TR Y Epiclastic
Sediment A 2% &1, H % K 4 75 ¥F — 25 9F 5% ( Peate et al. ,
2005) ,

ARAEAR P Sk DA JE SR T A 7 IRORLS PR R AE
AR SCAAES T WA TR I B A R B b b DX R kA
fiE, IR LIS & RFAE 25 i T 1L A4 32 3 4K (volcanotectonic
evolution ) B (181 6) o FATHe H ok Ly 36 38 Ak o 72 53
mr7ABrE

(1) TRFUA K LI E R BB R SKZ, B4E
SRIE AEHFTE AL B8 T8 I, LATE & o B IR o e
fiEo 2R LR i A HERE VR T, — S8 SR A W) K A ik A
FERE S XN KP JE [ REHR 14 2 e (AR ) A A 1 e 1 2o
BEIRE 5

(2) KR BTE H AT A e R METE U ZEBUR Sl T gk 2
T A Ut R I U I, LA B R R AR
KR AL, 7E 88 Sk B XF R KP e | by B i X
A

(3) TEHF V% 20 [ 45 14 ¥ il & X L 28 S TR i) 24 B
RN T TEMRIE W5 K2, M A R — 20 1 2
RO, A 1 BB e 7 A O LR T T, LA B
LR TEE A N FHE , 723k B XL KP gl v B2 J2 iz -
MR R TBE KA 5

(4) LERFRHb X, R PE A R o BRVE K LM I
FmF, BAKFRZURIE R AR SR AR, LU B & 1 2R Kl
R &E K 5 g FR AR ST SCE K R B okl mE R AT
(volcanic plume ) 1L B 3L , 77 A A S BT BE I I 445 i
TR eSS EXF R FP g [ A 14 B K R 45 BE K 5 o
T — el X, RS Ee R TR IR T (1) L(2) |
(3) B BeAy =4y (B P A g )

(5) 7 Jmy R o X (A U As SCRRIFGE IX AT Sk X)) 9K
T SRR U583 , B I S ) W A ] U 5

(6) FEMT R (WY, A7 T TOURR 2 057 1) 4 3 o 388 i o R
SEBE AT Z XA R 1k, TETE SR P X TR, T Il K B o
TR JB b Vs 0 o AR AT B N 7E KPR [ 1)
T AR S8 I R KZ e [RGB ) & ko 22 (8] R B SRR
RECH AR ITEIE o R ETEE 6 1 RE T8 0k 2 W) TR AR 7T RE
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Fig.6  Schematic illustration of the volcanotectonic evolution

of the Permian flood basalt in Tarim

S KZ 5 [0 )i 38 A 4 3 ok L g 2, o I ot 5 il — 2B
W

(7) BRYE A IIE N E IR Z )5 757 o L s G 3l 3
FEPIRT N KZ Jie 8] i) 22 3 i Kk o

5 & Afro-Arabian KK A e

IR L, X Rl i 2 e A PP e otk LV T A 4
FEE  JUHIE S FE B L 2 R AR, 25 Ry G i RLAE
ST (Bryan et al. , 2002) o % HARIETTA LB T
AR PRARBIT 5 (9 Bl i 0 X i 4 32 2 Parana-Etendeka
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1 Afro-Arabian (Jerram and Widdowson, 2005) . 3 B A K i
T I XA TS TR OT Y R A AR AL T AR 4 i B
FEILAG, A K FLIE A R AE AN Afro-Arabian I & FFAF A LA
X

Peate et al. (2005) ¥4 Afro-Arabian %5 i Z i m R0 =
AN (1) 3099 i 2 2 E 5 (2) IS BT JC AR )
W5 ) B LE . “ B Z A B2y
Tl B R . FR ST SR AT A 0 R A
INIESEEEI A, SIS RE N 15 ~ 100m A4 [7] i A2 45 53
AT AE 2700km A E[BEFE IR (125 V5 AH K LR 2 35k 26 2k R 2
FEHDIR AL 2P RRAT b AT 55 i A s 5 5 A X o 3 Ao A 2
TR MR ) KL TS 64, 225 VBRH K LU AR R B 43 A S5 R AE
FI VTR 5 F AR AR IR O e B R A, 29 850 ~
1000°C o HEAG S, BLA- B ARAR 25 BE IR PR A2 1500km”
B B REVE IS R IR 2 T8 AHBE IR G A N, AR T
VEFH I ST 3000km’ ¢34~ S 4 38 ok Ll
W7 28 SR AHBE I TG S A G 48 £ AL, 4% IR White
et al. (2009) MYfhH:, K3 BTk LD AL 8 A AE - Afro-
Arabian Jii it Z 5 AT B O 20K 5% ~10%

T3 BT i i a TEAR SO Bl 43 S = AN R e
P25 T R e I, A BB O 8 S A, TT IR 24 e
TR AW, ASCETITE Y 3 AN e A ) L SR
i 10km il F¥5AbHLIX A9 YM30, YMS5, HA1,HA2 H-, = k1l
HiJ2 S JR AT AT 400km, £555 HE I M 2 22 4R AE , FRATIA
HAERE BRI 2 ECA T (1) Wl R X A L2 I A A Y
FE 0 FE L BB IR T o5 8 2 et s 5 (2) K3 2k
LD PR 2 B A LA A I 2647 5 (3) K3 BT VR A Y
P AT IR BRI A 5 (4) 5 Z a0k R H i
Vs A A R S AR L AR BE Tk LR B 7 AR
S LUK LA o S A, TR — 284 X DL L B
AR AL (5) NS R R 26 KBl T X a4
RO TR 74 o5 9 3 A, s Tk LR
A=) o O LA

Bt RO TR I R ) B DX AR ARSI Y
ﬁgﬂbo
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