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Abstract Hydrothermal breccias have been recognized within a Cretaceous volcanic center in the stratotype succession of Yingcheng
Formation (K,y) outcroped in southeast uplift of the Songliao basin. The autobreccias are composed of two counterparts, in-situ
volcanic fragments cemented by hydrothermal deposits. The former is trachyte and rhyolite and the latter is very fine-grained red
deposits precipitated from the Fe-rich silica hydrothermal fluids. We separated the red deposits from two kinds of in-situ volcanic
breccias (4 samples) and analyzed them respectively on Ar/Ar age, major and trace elements and REE. Four underlying basaltic
trachyandesites and two overlying rhyolites were simultaneously determined on all the elements above and SHRIMP for one rhyolite. The
precise * Ar/* Ar age of the in-situ trachyte fragment is 113. 4 £0. 7Ma, and that of the corresponding red deposit is 112.9 + 19. 6Ma,
suggesting a time span of ca. 1Ma between trachy-lava event and the subsequent hydrothermal activity. Zircon SHRIMP age of the
overlying rhyolite is 110. 6Ma. The common signatures for all these 10 samples are rich in LREE( (La/Yb) =4.91 ~11.45)and P as
well as such incompatible elements as Cs, Th and Zr but depleted in some other incompatible elements like Sr and Pb. Main
differences among them are, (1) Eu and Ba show positive anomaly for the in-situ trachyte fragment and 4 underlying basaltic
trachyandesites, but negative for the five other ones; (2) only the two red deposits filled in the hydrothermal breccias show negative K-
anomaly while the other 8 ones show positive K-anomaly; (3) the 4 underlying basaltic trachyandesites show positive Ti anomaly and
low Rb/Sr ratios(0. 04 ~0. 05) while the 6 other samples show negative Ti anomaly and high Rb/Sr ratios (0.62 ~2.83). They are
bimodal rift volcanics as a whole. The hydrothermal deposits show intimate geochemical prints with the following rhyolite, and are
significant different from the pre-existed trychyte and basaltic trachyandesite. Therefore the crypto-explosion coupled with Fe-rich silica
hydrothermal fluids are preferred to be explained as forerunner of the subsequent rhyolitic lava, and the thermal fluids gained Fe-
bearing materials by leaching all the penetrated rocks while ascending. The subsequent crypto-explosion occurred preferentially within
volcanic centers because of their structural weakness, and created many cracks and inter-granular space resulting in increase in porosity
and permeability of the volcanic rocks. These can explain the fact that near volcano facies are favorable for the Cretaceous volcanic
reservoir exploration in the basin. However, possible hydrothermal-derived natural gases of this period could not contribute to the
present gas traps because they were formed before the formation of overlying seals.
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MEEHREREA TRINTARZEF LRI AR, REEHAAV A 258 113.4 0. TMa; 2 A S B8 B
AR IR Ak, H A A SR8 112.9219.6Ma; ~ A 5B 2R R ER I M EME R E o9 B0 18 (1Ma 2
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11.45) ;(2)MORB 47 sk M B L P fodi 5 RABE A% (Cs . Th Lafe Zr) EFH, M 5 —H 5 R AELE (S # Pb) A F%.
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x1 BRUEMHERR(SE 2 FHE3 W)
Table 1 Location and description of the samples ( corresponding to figures 2 and 3)
rE &S R FE R X ¥ 4 B =2]]
N:44°22'48.9" E:126°6'32. 7", H:239m; &R F 4
1 PSC-CN-24 H=E, R LA
RIA=E, KEOIRBRRAH Tk AT Sk T v AR 4 T
N.44°22'43.4" E.126°6'31. 3", H;235m; LG %
2 PSCON23  HMSE, KEGRURAEE (KR mi LB MIRTER

v psoyey,  TRESE RECRURRIMEEZE

HAT
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AEH"
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HAE
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A“ET"

7 PSC-CN-22 ERA-B KEBABFERREZREZSE

8 PSC-CN-21 BRA-ER, KBRABERRZIREES
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10 PSCCN-19  ERA=HE, KEGHHERRZREZE
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#2 BHAZREINLE(L)MEH (TN A A SHER
Table 2 * Ar/* Ar data pair on the hydrothermal deposits ( lower) hosted in the in-situ basaltic trachyandesite (upper) of Ky’

Ref. TEMPC  Gasar Tavae AT AT ETA L, AT ACE
(E3)  (E-15mol) released A, +1s.d(Ma)
500 110. 8 3.798 192. 6 36.6 6.84 48.9 58.34  105.7+3.4
600 64. 84 3.595 23.82 38.6 14.1 89.6 58.24  113.1£2.0
700 62.07 2.217 14.37 62.6 25.8 93.4 58.10  112.8+1.8
750 60. 79 2.174 6.198 63.9 37.7 97.3 59.22  115.0£1.7
Sample; LT-B-3AC 800 60. 32 1.297  7.09 107 57.8 9.7 58.38  113.4:1.6
(SHI-2008-71)
Wi 65mg: J=0.001111  °® 60.76 1. 111 9. 507 125 81.1 95.5 58.08  112.8x1.6
1000 65.39 2.453 23.82 56.6 91.7 89.5 58.65  113.91.9
1100 80. 91 6. 171 81.06 2.5 95.9 71.0 5771 112.12.8
1250 93.24 7.934 132.6 17.5 99,2 58.7 55.03  107.13.4
1320 127.6 33.02 268.3 4.20 100 40.0 5234 102.0:9.8
500 9797 52.86 31219 2.43 11.3 5.89 599.7  925.0 +264
600 849.5 53.13 2566 2.32 2.2 11.3 99.42  190.0£42.8
700 342.7 68. 50 939.7 1.87 30.9 20.6 74.34  143.9£27.4
Sample : LT-B-3BC 800 238.7 55.69 566.0 2.30 41.7 31.8 79.21  153.0£19.7
( SHI-2008-70) 900 194. 6 57.20 479.6 2.24 52.1 29.6 60.07  117.2+18.6
W=57.70mg; J=0.001117 )09 191. 6 67.20 492.3 1.91 61.0 27.0 5431 106.3x21.4
1100 179. 4 60. 04 434.2 2.14 71.0 31.2 58.55  114.3+19.1
1250 233.7 43.00 544.3 2.98 85.0 32.7 78.81  152.2+15.4
1320 254.5 39.80 573.2 3.2 100 34.7 91.05  174.7+15.0
FE: O Ar FRM SR EG E L, Lo N— AR R, FIALE I E (X8  MM1200 BRis; Wl f . R R Rt BT 5L A R 31 h

FRREAFRE
#3 EHAZBRALEFE(w) HEMBLTR(x107°) FHER

Table 3 Major elements(wt% ), rare earth and trace elements( x 10 “%) analyses of the volcanic rocks from K,y3

S PSC-CN-24 PSC-CN-23 PSC-Ys9-JL PSC-Ys9-YZ LT-B-3BC LT-B-3AC PSC-CN-22 PSC-CN-21 PSC-CN-20 PSC-CN-19

Si0, 72.81 74.07 71.60 95.47 93.24 66. 99 51.72 52.22 51.92 53.77
TiO, 0.21 0.25 0.26 0.02 0.05 0.32 2.35 2.06 1.92 1.98
Al, 0, 12.40 12.31 14.63 1.37 1.79 16.56 18.33 18.37 16. 66 17.97
Fe, 04 1. 86 0.79 1.95 0.71 3.11 2.69 9.63 6.63 6.91 5.7
FeO 0.41 1. 60 0.05 0.09 0.10 0.22 0.58 1.93 3.20 2.58
MnO 0.04 0.06 0.02 0.01 0.02 0.03 0.17 0.16 0.12 0.13
MgO 2.38 0.57 0.07 0.09 0.02 1.40 1. 66 3.30 3.12 2.90
Ca0 0.48 0.47 0.80 0.17 0.11 0.87 5.22 6.67 7.01 7.12
Na, 0 4.31 4.07 4.59 0.22 0.63 4.76 4.59 4.43 4.24 4.17
K,0 4.74 4.49 5.28 0.13 0.21 5.23 1.86 1.49 1.58 1. 69
P,0; 0.04 0.05 0.05 0.01 0.11 0.03 0.51 0.41 0.37 0.39
Lol 0.21 1.09 0.64 1.68 0.57 0.99 3.25 2.07 2. 54 1.28
Total 99. 89 99. 82 99.94 99.97 99. 96 100. 09 99. 87 99.74 99.59 99. 69
A/NK 1.01 1. 06 1.10 2.72 1.41 1.23 1.92 2.06 1.92 2.07
A/CNK 0.95 0.99 0.99 1.69 1.22 1.10 0.96 0. 87 0.78 0.83
St 17.37 4.95 0.59 7.26 0.61 9.77 9.06 18. 56 16. 38 17.01
o 2.75 2.36 3.41 0.002 0.01 4.16 4.71 3.80 3.80 3.19

T 38.52 32.96 38. 62 57.50 22.38 36.73 5.85 6.77 6.47 6.97

Oxo 0.79 0.30 0.96 0. 86 0.96 0.91 0.92 0.74 0. 65 0. 65
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#x3
Continoued Table 3

[ TRz PSC-CN-24 PSC-CN-23 PSC-Ys9-JL PSC-Ys9-YZ LT-B-3BC LT-B-3AC PSC-CN-22 PSC-CN-21 PSC-CN-20 PSC-CN-19

MDI 26.15 28.14 28.28 31.70 31.16 25.30 12.22 8.93 8.76 9.59
Mg* 0.67 0.31 0.07 0.18 0.02 0. 49 0.24 0.43 0.37 0.40
La 43.03 23.20 23.68 34.48 20.47 34.40 26. 64 23.82 38.62 30. 46
Ce 76. 14 45.81 49.13 73. 66 27.48 58.43 55.46 48.37 79.98 58.30
Pr 9.81 5.55 5.02 7.30 4.25 7.12 6. 67 5.57 7.02 7.04
Nd 40.27 23.99 20. 63 28.68 16.15 25.83 30.30 24.89 30.57 30. 56
Sm 7.62 5.02 3.71 5.00 2.62 4.35 6.28 4.95 5.91 5.87
Eu 0.21 0.32 0.54 0.83 0.13 1.32 1.92 1.56 1.77 1.74
Gd 4.89 3.10 2.67 4.27 2.54 3.91 3.98 2.84 3.67 3.68
Tbh 0.92 0.62 0.45 0.55 0.42 0.58 0.87 0.69 0.70 0. 69
Dy 6.57 4.53 3.01 3.83 2.74 3.25 5.98 3.96 4.79 4,68
Ho 1.53 1.09 0.61 0.76 0.57 0. 67 1.14 0.75 0.91 0. 89
Er 4.68 3.07 1.74 2.37 1.62 2.02 3.16 1.96 2.52 2.45
Tm 0.71 0.53 0.32 0.38 0.27 0.36 0.48 0.32 0.38 0.37
Yb 4.52 .19 1.92 2.37 1. 60 2.36 2.97 1.80 2.28 2.18
Lu 0.72 0.50 0.30 0.37 0.23 0.36 0.46 0.27 0.35 0.33
Y REE 202 121 114 165 81 145 146 122 179 149
Y,LREE/YHREE  7.21 6.23 9.29 10.01 7.11 9.62 6.58 8.55 10. 38 8. 66
8Eu 0.10 0.25 0.52 0.55 0.15 0.97 1.18 1.28 1.16 1.15
6Ce 0.87 0.95 1.06 1.09 0. 69 0. 87 0.98 0.98 1. 14 0.93
(La/Yb) g 6.43 4.91 8.33 9.83 8.65 9.85 6.06 8.94 11. 45 9.4
Sm/Nd 0.19 0.21 0.18 0.17 - 0.16 0.17 0.21 0.20 0.19 0.19
Li 14. 35 22.87 12. 56 7.26 68. 42 27.77 15.23 16. 55 11.72 12.16
Se 3.27 5.12 5.59 6.13 4,83 11.29 23.93 18.27 19.13 19. 63
\'i 8.33 26. 47 11.67 9.01 5.80 14. 15 314.03 284. 68 284.43 295.93
Cr 67.92 65.78 16.01 3.49 200. 05 17.08 26.30 52.49 31.53 24.07
Co 1.19 4.62 1.57 1. 47 2.25 7.44 27.21 34.56 35.01 36.47
Ni 1.45 17.88 0.46 0. 66 53.22 7.94 12. 59 23.67 23.70 23.03
Cu 30.47 12.01 3.09 2.48 280. 46 139.36 30. 17 27.39 28.13 25.13
Zn 112.37 23.13 23.39 21.51 18.79 75.31 99.47 84.33 240. 66 96. 39
Rb 115.26 69. 12 146. 00 188. 40 17.16 126. 08 18.24 18.52 31.15 31.24
Sr 40.75 79.27 127.31 302.97 22.30 84.30 437. 14 520.20 690. 07 664. 98
Y 42.81 25.98 16. 84 23.67 15.84 18.29 30. 68 18.29 26.97 27.52
Zr 669. 85 641. 44 236.71 252.63 80. 14 445.20 243.76 185.90 175.67 182.89
Nb 29.61 26.72 14. 84 14.02 7.18 18.02 21.85 14.51 14.24 14.69
Cs 2.50 1.78 5.60 5.68 6.32 7.11 0.89 0. 69 2.15 1.08
Ba 57.60 218.30 160. 90 213.30 100. 00 1070. 12 617.10 723.90 551. 00 479. 80
Hf 11.86 11.59 6.38 6.63 2.76 11.21 6.37 4.94 4.56 4.39
Ta 1.80 2.30 1.34 1.30 0.45 2.44 1. 66 1.03 1.00 0.98
Tl 0.42 0.48 0.86 1.18 0.47 1.00 0.21 0.17 0.13 0.13
Pb 14.49 12.09 7.61 10. 84 8.31 38.01 10.91 10. 52 10.25 8.67
Th 3.90 3.53 5.16 7.01 2.1 11.43 3.15 2.19 2.20 1.54
U 1.30 1.45 1.23 1.94 0.71 1.77 0.88 0. 66 0.64 0.44
Rb/8Sr 2.83 0.87 1.15 0.62 0.77 1.50 0.04 0.04 0.05 0.05

# . LREE = La-Eu; HREE = Gd-Lu;6Eu = Euy/[ ( Smy) (Gdy) ]1"?,8Ce = Cey/[{ La y) ( Pr ) 1?(Taylor and Melennan, 1985) ,N Jg¥RAL
R AR MEALA ; 45458 ST = MgO x 100/ ( MgO + FeO + Fe, 0 + Na, 0 + K,0) ; BA# & ¥ 0 = (Na, 0 +K,0)?/(8i0,43) 7 = (AL, 05-
Na,0)/TiO, ( Rittmann et al. , 1973) ;fL3E Ox° =Fe>*/( Fe’* +Fe’* +Mn) BE/R I (Rittmann et al. , 1973) ; 5355 RE(MDI =
(8i0,/3 +K,0)-(Ca0 + MgO) (Gast, 1964) ;Mg™ =Mg0 / (MgO + FeO + Fe, 0;) BE/RKH (Hess, 1989)
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B R ek (h) 5H EEERWERLICE (Z2) MHFRZERMEZ A (6)

L EPAMNB AT XA BB SR IE AR, A B-HRRITERIACE , 2T AR Bl 5 N R - R A5, R Y KB R
T B B8 R 4L A ( PSC-CN-24) ; C D=7 7K 46 (o ML TG R B AR TR, RO A R A5 4, S FPML T 5 ik Y, R SRS 40 (0 35 BRI M T (LT
B3) ;E F-RBEBE PR KR A BER S5 ; 5 BN IE KA AN A Bk, W FES0 A /MVBURL (PSC-CN-19)

Fig. 1 Hydrothermal breccia (middle) and its overlying columnar rhyolite (left) and underlying basaltic trachyandesite ( right)
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Fig.2  Plan view of lithology and facies of the volcanic rocks of the third member of Yingcheng Formation (K,y") outcroped in the
area of southeast uplift of the Songliao Basin
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T4 CHERURERPBRIZHNITETHRA=REENHRSEITR
Table 4 Tsotopic datings available on the pre-K,y’ rocks of the Songliao Basin

H AT ( Ma) YRR AR G H b AP
R B 1. 419. 1 BB R ERLE FRHRE T A E
o &it.263. 1 B-BHRTHARSCEPHREL AT Sﬁip
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Fig. 3 Measured section of K,y corresponding to A-A’ in Fig. 2
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Fig. 4 Stratigraphic column corresponding to figure 3, showing bimodal succession and sampling
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Fig. 5 “Ar/”Ar age spectrum of the in-situ basaltic trachyandesite (a) and hydrothermal deposits (b) of K,y
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Fig.7 Major element featuers of the volcanic rocks from K,y’ and samples from Hawaii, Japan and Caniacian mugearite of the

Songliae Basin are also shown as reference

Na.O+K.O(%)

(a)-TAS diagram of the bimodal volcanic rocks from the third member of Yingcheng Formation ( after Le Maitre, 1989) ; (b)-Shand’ s index of the
voleanic rocks( after Maniar and Piceoli, 1989); (c)-series classification of the volcanic rocks( after Le Maitre et al. , 1989 ) ; (d)-AFM plot of the
volcanic rocks (A = Na, O + K,0; F = FeO +0.8998Fe,0,; M =MgO) (after Lrvine and Baragar, 1971 ) ; (e)-Gottini-Rittmann diagram ( after
Rittmann et al. , 1973), in field A are falling only lavas of volcanoes situated in non-orogencc regions, in field B those of volcanoes in orogenic belts
and island arcs, in field C enter the alkaline derivatives of both; (f)-Degree of oxidation as a function of the alkali content in lavas from Ky,

Japanese island and Hawaii( after Rittmann et al. , 1973). Open dots in shade from Wang et al. (2009)



IXBFLLERGELRLYPERAREDOE LKL FRFRFRLFE L

00 T T T T T T T T T T T T T 7T QOET T T T T T T T T T T T T T T T T T T 1T 1 TT171}
- IJ'I"" L y4. ()J [:.-‘\,) 3
" (a) JEi 1 |u_‘.‘|_ ( JJ gy | L (b) - R (,1' . (Jii FJ J\‘/ Pt
100F o ST a1 M) o - v PSC-Ys9-IL (ifACH) ®- LT-B-3BC
C o ¥ PSC-Ys9-JL (40 % |T-B-38C b ‘ 0~ LT-B-3AC (Kl &) PSC-Ys9-YZ
Foa 2 o | r,n-:k\( CHi w‘f((w - PSC-Y9-YZ ] AN ? g g : oy
r * » i 2 ‘ b4 3
r E - 1. \ !
" 3 o [ VAV i 3
= «y ¥ i
s [ S 1o WY\
‘g - 8 | @) 10 E' W L | \ ; ;‘, ‘g
£ . - \ VAR, o\ oo 5
S10F b ® < @ ] 1k s Wi »a ©o -l
s F 2 o vy 1 § 3 1% . O S Sy
E F v - L B .y ? 2] i ' ‘"%ﬂﬁ 3
w [ : 'S 9}/ N
A 0.1F L E
{ 3
L " i
. (H1) . 0T 90 N I O O 0 0 T O 80 O O O T O
l S S JUBE S W N UL, R S N R W . ‘

La Ce Pr Nd SmEu Gd Tb Dy Ho Er TmYb Lu

T T : I T | T T I I T T

200

T
1000
ook & ©  REMgeE (B FRARMGE
F R0 - PSC-CN-24 A PSCON22 ]
q ¢ = ; x - PSC-CN-23 v PSC-CN21 190
o I B A PSC-CN20 ]
= L € B PSC-ON-19 | M
- X g 10
g | e ol
g Y e e o | ]
=F \ / e ER R
E F \ v~y 31 &
s P L/ 4 @«
7. " \ 4 J
b ‘,‘./f .
4ol
x
(heditatodatadoat b A Bt de b 0.01

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

43

Rb Th K La Pb P Hf Sm Ti Dy Er Lu
Cs Ba U Nb Ce Sr Nd Zr Eu Gd 'Y Yb

i O BT O A i T N T LR
Fe d . ) o 3
Z‘ (d) MRZ e % ]
b % ‘ &~ PSC-CN-22
E§e l ¥ PSC-CN-21
- e ‘\‘ 4 PSC-CN-20
; i t : R it o PSC-CN-19 ]
E Lt \*,t R &' ¥ 3
- o ¥ > 3
@ & I g 3
b / a. o
= 8 8‘6»0 POl S ;_,
: ¢ st}
- T 32 s 1y xR / 3
C RERLCE (F) by ]
*x
3 % PSC-CN-24 .
E @ PSC-CN-23 3
£ p
4
kT O WL OGO I T T O L O O O O T O T, . L OO O YO

Rb Th K La Pb P Hf Sm Ti Dy Er Lu
Cs Ba U Nb Ce Sr Nd Zr EuGd 'Y Yb

B8 ERRFA R AL 1 TCR B (a F ¢, 48 Taylor and McLennan, 1985) ; MORB AR #E{LIM BT R &R (b #1 d, 3

Pearce, 1982)

Fig. 8 Chondrite normalized REE patterns (a and c, after Taylor and McLennan, 1985) and MORB-normalized trace element

spider patterns(b and d, after Pearce, 1982)of the volcanic rocks from K,y

T EREMMENRM R EE NN, ZAFNER
BEHRRES AT EROGRRAER LEB IR RER
FERYPEE S KLEE (EEST) BB IEHRE, B
REFERE, ERBEAFS IR P REARIESBHMHR
HETIRTREPH,

7.3 BEXLESRUBEAREHAHKXR
RBRABRETHET(HRERY) RS AKRERS
( <0.05mm) H9B3 GRS MR (B 1D) K, 0 FBEK
(0.21% ) ,Ar-Ar FER I ERERK(F 2 T). REWMM,
TEES BB RS LR RA N T =B P Ar BiHBHE
K 30% B I AE B, RATIN R K IFE R (112.9 =
19. 6Ma) B LAGE R4 225 1 80 v BE B 6, B, Bt A B 5 1k
Bk WS BB E BB BRURMABRA KA CHIESE A
BR)ZEST BTN Ar-Ar SFE A BT oP 44 1 Ar BT RRBUR B ik
89. 1% K FHE FE A PRAE#G (113. 4 £0. TMa) X R BB SE
PR T R 2K LU P SROML T 5 R YR B 4 R A Y . IR R
B — B K WA Y BHRFE 120Ma bR LLEEF (RER

%,2008) ;BT PE 2 BR, BEMA KA Z T W ER
wEPAERPER GERRNERSEA, NP0
ATREHEEE =BRENNEEZERENTHR(EEEH
WE4), Hit, FEEH EBEERY R LSS W # A SHRIMP
Fidh (B 6) KT 120Ma ERMR RS A, B ER/D
F 120Ma () 4 Fsh A F R BN RECETE RFR, AR
BOEHEHE, XFE, NBBRABRENFEERA T EB LB
SR IR RE RN 113, 4Ma—s112. 9Ma—110. 6Ma,
B EBATH AvAr ERI IR ER K, FEERHE A
Ar SRR Y B /NE Y (106. 3 £21. 4Ma) 5 H E DR
HREUA % A SHRIMP B /NE# (105.3Ma) 1R#ER.,
ZRIIAR, ZER PR RISt R AT R BE THE
BRI IRE T S T Bh R[], B, RER YT BRI SUE T LR AR

7.4 REHBRESMLFENEERKR
SN D 8T Ar/Ar SE 8% B8 (B Sb) , 5 K

TR WA R G BT (A ) PAETES F Ar (excess

argon) , 38 # 1A A 3X 26 it 8 G 2 % b £2 2 44 B 3 (Kelley,



2002), HEREHME TR SESBEMBNTIER LiEH
ABRPHEANTREBHEFORERRAY . SHFEN,
FURATRAZ M HR Y E S0 #8554 SHRIMP 4£ 848
R, EREAEPREANE -BIR T ERENAN L HH
KA, EFHEWRAMRNAEREA SHERD2E
A WTABBREARBE R BB THRERKS HE
REBREMEIBE  PERKLEPELNETHREF
ERMENERREA (£4), XiEH, TieE K ILES
R KNG B PIRE 3N ZE R4 b 5t e R AR ]
B8R,

AT, NRTEAPHE (7.2 T 7.3 ) /T4, % &
RPERETEYCET) TEAEE MBRAK L T 24
IE B RATA b, B SR E R SUE B RS, i
FEERFEARE LA B EH RN, BRI KL G PR IE 3
AR RS ERAE A ILEAR A, hER, Kl
BRI K LD B BT A TS B K SR 1 7T BB R R
YRR RURRAE B HL 0 S R LA B A3 8 X,

1.5 ERBRHBEDS N LERE BABEHEER

KL S K D O E R K A R A A AR
Z B ATHIRRAL (A0, EBEE S, 2007) , LR AEZ eSS vt R
B, IXBARRIHERMARE R, R, BRLRIE
B K I O GE R K LA S B FIRE Z —, IRE AR
FEERRE MARBELRLEEEB BRI EHA
HH RN, XU ERYETIZKY
B fi#i %44 (Sruoga and Rubinstein, 2007), A CHFFTERH, &
KU O MR RAGE WS, LR E RS RERE A1
o KILBEMEERMBRESBE AR EEATE
e FERKBABRRLMBE, b TFXMEN-THEERE
FWISERE, BT LGB B B E 2B T4 MR, B, fE5Y-
FEEMEANGA G RMEGEEZ M K EHE, XL
ALK W O-SEK I AAHRAREEENEERE,

WAL S H T RE I K LT S R E K BB R RS 4,
BIEGERAE S (Xu et al. | 1995) ,CO,(Dai et al. , 1996)
FIEHE(Guo et al. , 1997) , EAF I KRS HEBEAE —E
TRk (Wang et al. , 2007a) . AR EWA K WA FRKRSH
FEAFPRALETARPNAFT LA TBH(THH
45,2007 ; 40 % JE %, 2007 ) , % 157 B9 b JR AR K Bk 95 ~
88Ma(Wang et al. , 2007b) , ASCHFEH KILBIE MK S
RIBSR A RS LRI BB A A (B 1R 112.9 £ 19. 6Ma,
XERE, AR MY EERAETREEH, B
MEARTRENNZERE, H5%0 5005 ML
HEREARSXE T LERANER, B REF LA
TR,

7.6 XTEHA=BRNENX N LENREEN
R A K LA RIETELL S0, BUAR R A (DMD) K

Acta Petrologica Sinica #& %4 2010, 26(1)

AR BRI R4 A B b, RIS (AR S A R
(MBERBLE KRR ,2006) . AXERA =B A Tl i
R (55m) - LR (187m) -W AR (73m) =4k 1L 52 [ 45
BB 3.4 0 1.3, SR 315m; [0 B AT 4
T RUR RS R ERRIER (K 2.3 f4), FXHWE
i 10 MR IR RIL BT B Wik LB S, B3 PEK
SFRE(DMD) 53 R FRE, TRERMESE DM =12.22 ~
8.76, G fATRE R E B R AUA DMI =25. 30 ~ 31. 70, b
IR B Y. R TR R R A S B S XU ok
IERER(ET),

BT ERFIN S (KERH DHF4H.E
WA, BEBRALUARRUZRE N E 9 H R DU k)
AFERM AR (S W Wang et al. , 2002a, b; THEH %,
2008) . %E&mf%%ﬁﬁﬁﬁiﬁiﬁ,iéﬁﬁm%%[Ziﬁi’tiﬂi
G (T, RFE) ZJ5 2 AR (k) B 70 S 0 BY (B 1
HEEUERF). B, E=BREMFTHMBE M, R
A EIH X R AR K LA EARREE AR, A
BEEHRANRKEHS KLEAKNEEIEEZ— (W,
Boccaleiti et al. , 1999; Li et al. , 2003). Trua et al. (2003)
BERAEREREX DENTEBMBTENBR L EEC
<(La/Yb)y <14) HEERER Si0, & BEMEMMFEMK (Y
Si0, >68% JL AN ) ;S M T BE RAFH; KEKAA
HBMHA Bu R, CBERAEGRNE B ¥, BWIIREE=
Beaige sk & AL ARAE (38 6 1) 5 LA K IER A Main
Ethiopian Rift 4 1EX H, 7] W% 76 £ B M0 K AL ERAE
TEHAABETHY. GAERE B EZMTHPRM
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FALE B, 40T b Al 89 3% 3 KBt 2 ok iR A CE e —
B R Z I, Wang et al. , 2006) 53k /5 BB B E X LFER
(F I OH, EBEIRE,2009) BB ER
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