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Abstract: The plagioclase-phyric basalt might have preserved the detailed information of its magmatism processes, related
geodynamic mechanism, and tectonic settings. In this paper, we present the details of elemental and Sr isotopic composi-
tions of zoning plagioclase phenocrysts and matrixes of the Cenozoic plagioclase-phyric basalt samples from the Changbais-
han area in the Northeastern margin of the North China Craton, in order to constrain the magmatism processes and petroge-
netic mechanism of this Cenozoic mafic volcanic rock. The results show that the plagioclase-phyric basalt in the Chang-
baishan area was the product of evolved basaltic magma at late stage, with relatively low contents of MgO, Cr, and Ni, en-
riched large ion lithophile elements, depleted Nb-Ta, and slightly positive Ti anomaly. Its matrixes are characterized with
relatively low and uniform ¥ Sr/* Sr values (0. 705 080-0. 705 248) , and relatively high and almost constant Nb/U ratios
(44.62-49.65) , indicating that its supplementary magma had not been assimilated and contaminated by the crustal mate-
rials. Plagioclase phenocrysts generally have a core-mantle oscillation zoned structure, with the maximum variation of An
values of 8 mol% , which could be caused by the temperature variation, and magma recharge and mixing in the magma
chamber. In addition, the rapid decrease of An values of micron-sized various zones in the margins of plagioclase pheno-
crysts from inner to outer zones, the similarities in An values and TiO,, MgO, TFeO contents of the outer margins of pla-

gioclase phenocrysts and the matrix plagioclase microcrystals, and the closely similar crystallization temperatures of the
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margins of plagioclase phenocrysts, matrix plagioclase microcrystals, and the basaltic magma indicate that they were

formed in a subvolcanic process extremely near the surface. It is believed that the plagioclase-phyric basalt in the Chang-

baishan area, whose samples composition are plotted in the field of intraplate tholeiitic basalt and whose matrix plagioclase

microcrystals have similar An values to those of the continental tholeiitic basalt, should have been formed in the intraplate

extensional environment.

Key words: plagioclase-phyric basalt;oscillation zone ; magmatism ; Cenozoic ; Changbaishan ; North China
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(a) 1B H : Zheng % (2011) , Zhang %5 (2014)
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Fig. 1 Regional tectonic map of the northeastern margin of the North China Craton (a), the distribution

and sampling locations of basaltic rocks in study area (b), a profile of the rock flow with sampling points (c)
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Fig.2 Petrographic characteristics of the Changbaishan basalt
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Table 1 Main element, trace element and Sr isotope analysis results of the plagioclase—phyric basalt matrix

in the Changbaishan area
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R CBS-17B CBS-23 CBS-24 CBS-25B CBS-26 W-2a Il & {E W-2a #EF7{H
Si0, 52.59 50.58 51.70 50. 38 50. 36 52.38 52.68£0. 29
TiO, 3.09 3.90 3.30 3.99 3.50 1.07 1. 06+0. 01
Al,0, 14. 14 13.34 13.90 13.99 14. 04 15.10 15.45+0. 16
TFe, 0, 13.50 14.58 13.30 14.25 14. 44 10.79 10. 83+0. 21
MnO 0.16 0.14 0.15 0.13 0.18 0.16 0. 167£0. 004
MgO 4.12 4.13 3.85 3.82 4.43 6. 40 6.37+0. 058
Ca0 7.70 7.94 7.77 8.39 8.28 10.79 10. 86+0. 078
Na, 0 3.47 3.16 3.13 3.12 3.30 2.17 2.20%0. 037
K,0 1. 69 1.72 1.85 1. 64 1.57 0.65 0. 626+0. 012
P,0, 0.54 0.55 0.57 0. 61 0. 66 0.12 0.1420. 12
Bk -0.57 0.4 0.75 0.14 -0.38

Mt 100. 43 100. 44 100. 26 100. 46 100. 39

Li 9.69 5.78 7.69 9.39 8.73 9.82 9.6~10.28
Be 1.67 1.81 1.86 1.67 1.75 0.557 1.0

Mg 26 300 26 000 24 400 24 100 28 000 40 900 36 789 ~38 960
p 2720 2680 2770 3000 3310 630 262~524
Ca 61 800 62 400 62 300 66 800 66 500 83 200 77 045~80 189
Sc 26.4 29 26.6 28.8 28.2 38.1 36

Ti 19 400 24 300 20 500 25 100 22 000 6660 6173 ~6592
v 240 295 241 280 254 277 268
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2Lk
K5 CBS-17B CBS-23 CBS-24 CBS-25B CBS-26 W-2a ] & A W-2a #fE7E{H
Cr 41 19.3 39.6 46. 8 50.9 94.5 93
Mn 1290 1170 1200 1120 1440 1340 1263 ~ 1549
Fe 94400 100000 92100 98200 100000 77300 64362. 0
Co 39. 4 43.8 40.3 48.9 42.7 45.1 45
Ni 36.5 26.4 37.9 51.4 37.2 73.1 72
Cu 39.5 28 34.7 51.9 43.3 108 105
Zn 138 141 134 145 141 77.5 80. 00
Ga 25.8 26.2 25.8 26.6 25.6 17.8 17.0
Rb 26. 1 29.3 29.1 20.4 22.4 20.2 21.0
Sr 480 448 478 529 544 193 196
Y 32.2 32.7 32.2 33.4 32.9 22 22
Zr 239 247 243 254 216 101 92
Nb 23.2 23.8 23.5 24.3 21.1 7.37 7.5
Mo 1.39 1.22 1.26 1.07 1.14 0. 456 0. 46
Sn 2. 14 2.11 2.14 2.26 2 1.79 2.00
Cs 0. 244 0.229 0.369 0. 146 0.226 0.925 0. 80
Ba 531 512 549 544 516 173 172
La 26.3 25.7 26.6 27.3 24.4 10. 8 10.8
Ce 56. 6 57.2 58.8 61.2 55.4 23.5 23.4
Pr 7.65 7.71 7.89 8.31 7.66 3.07 3.00
Nd 34.8 35. 4 36 38.2 35.9 13. 1 13.0
Sm 8.56 8. 89 8. 87 9.42 8.95 3.31 3.30
Eu 2.74 2.95 2.8 3.06 3.04 1.09 1.08
Gd 8.23 8.53 8. 34 8. 86 8. 61 3.66 3.66
Th 1.21 1.25 1.24 1.29 1.26 0. 621 0.62
Dy 6.5 6.7 6.56 6.8 6.67 3.82 3.79
Ho 1.19 1.23 1.19 1.23 1.22 0.793 0.79
Er 2.99 3.06 2.99 3.05 3.05 2.22 2.22
Tm 0. 408 0.422 0.413 0.414 0.415 0.334 0.33
Yh 2.36 2.42 2.36 2.37 2.38 2.07 2.05
Lu 0.338 0.348 0.335 0.338 0.343 0.305 0.31
Hf 5.58 5.84 5.84 5.97 5.16 2.54 2.45
Ta 1.37 1.43 1.43 1.47 1.27 0. 474 0.47
Pb 4.06 3.86 4.03 4.12 3.55 6.61 7.70
Th 2.72 2.62 2.65 2.58 2.15 2.2 2.17
U 0.52 0.493 0. 481 0.508 0.425 0.512 0.51

BHVO-2 Ml &f  BHVO-2 ffE{H

78r/%0sr 0.705 080 0.705 152 0.705 081 0.705 174 0. 705 248 0.703 484 0.703 478
+20 0. 000 008 0. 000 008 0. 000 009 0. 000 009 0. 000 007 0. 000 008 0. 000 034

VELERITE (%) MR BB ITE (x1070) B8 i A8
PR b 150 CZE T 2B HF, K5 FE A 1 mL ¥
ZRIBPE A HNO, k& T, HE — IR &k & HF,
BJF A 2 mL HNO, .5 mL 2 B 77K 1 500 ng Rh
PRI AR V5 T, B N 25 5 4 B A BEAR P, 140 ¢
BRI 8 h, FREUH R A 5 I P 400 L iF RS
#) 10 mL B0 A KB K ES, WA RS,
g EAHLIK (Qi et al., 2000) , 3K AL T
10% . EBRARFE W-2a 19 5200 {5 F 92 (8 A 2 2530
il — 30, ARFERTRE S i IS SR L3R 1

Sr [ E 1 K H Thermo Fisher 2% 7] Neptune
plus 78 22 45 W L R & 45 B9 A T 31X ( MC-ICP-

MS) . ERFREBCEE & K (200 H) 110~ 130 mg T 7
mL %) Teflon ¥ B AR H, W AR BE A 46 HCIO, 10
A R RS R i N I Ve B W = | L R
HNO, | mL fl4lift HF fR 2 mL, 3 [ Teflon 3% #f
B 36 47 %, FEH R B 100 ~ 120 °C % i #h—
Sl Ze Ay WA 2% 218 45 2y [l @, 4T 9F 55 7E HL AR
B F 120 C A Z8 TR S, THIR 2 180 Cm#k
ZEHME R, A 1 mL 4ifk 6 mol/L HCI R M 3k N
BE 36 58T U _E 100 °C R 20 min, SR)5FT
T3 77T, B 1 mL 6 mol/L HCI Rk 1k Py B |
% b3 e R _E 100 C AR IR 20 min, IR ZE T,
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G A 1.3 mL 4lifk 2.5 mol/L HCI R 1 fi# KL i
PR B 1.5 mL B A iR E R HE AL A 4 B A
afifl . fdi B USGS kR NBS SRM 987 ¢ 1F Fr il #f /i
() Sr R 28 HEAE . DR 25 2R L 38 1, A% vl 2 1) [
bR Sr [7 £ £ 45 A BHVO-2 1St/ *Sr { K 0. 703
484+8 (20) (#EAFTH 0.703 478 +34; Weis et al. ,
2005) ,

R A ERITER S HTTE JEOL JXA-8530F HLF
PREF B i, TAEZ A i i 28 20 kV, FL R 40
nA RBEE AR 2 pm, LSS R IR RA T,
f145 Si0,  Al,0, FeO ,MgO ,CaO Na,0 K,0 TiO,,
K HI SPI-P1 BHC A W AR AL | DA W 458 /0 & B fill it
JLE (Ti Fe Mg) W #EHf & 5 & M ( Yang et al. ,
2019) , HARMEL &R L% 2,

RHE A T i T8 R J3 75 0O ) 1l H 8RS A 4
B TR 3E% (LA-ICP-MS) B Agilent7700cs DY 2% #F
ICP-MS % £:T GeoLas-Prol93 nm ¢ H#|ih X% -
SEIN, WOCHBE B AR N 44 wm , BOE K rh R R
6 Hz, kvl g it >4 80 m)J, 43 A B [H] 24 90 s(30 s 25 M

x2 RNREEFRHUADWHAE

Table 2 The method for the measurment of plagiolcase

with EPMA
LE Rk . R PR e i 22
/s (+/-s) /(x107%) /%

Si LTAP 10 5/5 ~200 ~0.25
Al LTAP 20 5/5 ~125 ~0.27
Ca LPET 20 10/10 ~210 ~0.35
Na LTAP 8 4/4 ~220 ~0.07
K LPET 10 5/5 ~190 ~0.015
Mg LTAP 60 60/60 ~48 ~0. 006
Fe LLIF 120 60/60 ~155 ~0.025
Ti LPET 120 90/90 ~62 ~0. 005
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MXH 60 s BEMAMHT) o BERR 8 AN 5 /3BT — AR B
BCR-2G ., BHVO-2G . BIR-1G , NIST 610, SRM610 #i
SRM612 #F 17 % 48 o7 & W 2. /- 45 /5, i
ICPMSDataCal #E17 i &t 70 R F B (19 € & A& 1 (Liu
et al., 2008) . HLFHEF A3 197 Si W AE R M bx,
NIST610 g Hh AR IE . A5 i) S 000 F R4 45 (8 7 iR
ZEVE RN —5, X RE M TT R 4R B
BT 10% .

3 pirER

3.1 ERE RETEMSrBAMLER

5 AR BN RLEE X B AT A IR R (R
1), i A B B Sio, 728 1k 15 [ 5 /N (50.36% ~
52.59%) , H. A F X EAR B MgO (3. 82% ~4.43%)
Ml TiO, (3.09% ~ 3.99% ), H ALO, & & & &
(13.34% ~14.14%) , ] GE 5 1778 K im  #H A ik
mm A K, I A, BT 4 B RE B Na,O (3.12% ~
3.47%) M K,0(1.57% ~1.85%) & 85, 7 H5
e (LOL) 8 /IN(0. 14% ~0. 75% ) , M FE i B A ok
32 B e i AR A S

1AL, FER IR £ o0 R BB 5 m (159X
10°~172x107°) , 5 OIB ML, 5 F KBl % &8
Ml MORB, % # + M1 X B + & % (Lay/Yby N
10. 25~ 11.52) , & — 5 Fi = AH X5 - 35 09 7 £ B 53 il
2, W W Eu R (18] 3a)  JEUIA b A o 10 00
JCEBRME (K 3b) Bon, FEMEERE FEATT
F, AWM Nb Ta i 5%, 84K L 54k M OIB A
WL H B A B MM T IESH® (T/T5 A 1.08 ~
1.28) LA 84k Sr it 5 Sr U F 8 (S/Se”
0.76~0.82) (K 3b) ., HAM, KM Ze/HE(41. 61
~42.83)  Th/U (5.06 ~ 5.51) , Nb/Ta ( 16.43 ~

(a) BRKE B A AR ME LA HE Taylor 1 McLennan ( 1985) 5 (b) J& 4 Hu b8 b5 AL (L85 McDonough 1 Sun(1995)
B3 K s BROBE 5 A v AR A 50 2 BE 0 1 48 R i e b 8 A oA Ak B i T 3R Wk ) &

Fig. 3 Chondrite-normalized REE patterns and primitive mantle-normalized trace elements spidergrams

of the Changbaishan basalt
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K4 KALZRA PR AR Z

Fig. 4 The compositional variation of plagioclases in the Changbaishan basalt

16.93) &% Nb/La H.{H (0. 86~0. 93)#745fk %/, H
Nb/U HAH LT A S (44, 62~49.65)

K1 s MERMERRLAY - HBIK
B Sr/* Sr {1 (0. 705 080 ~0. 705 248) .
3.2 NKAFETERSEHIE

X5 ASEEEL 9 N ERET R By LT AR BT L o B
SRR (ML FRRBER 1,18 4) R K AL RE X R A
PR A B An B 31~82, B KA - KA
Bl 5 0 26 o R A B A T 58 09 o A8 AR 1l (An 2R
3~72) . AR A BE A A% -0 Y AR 43 AR Ak
(An 2} 66~82) L% Ti1¥ (An i 31~68) , 35T &}
KA o M — 8 — i H An (HIT BT B, 55 A
KA An MO 3 RH A BE i A% #8 B (A, 1
BEFRHC A LR An (TiO,  MgO , TFeO H A7 5
A BE it 1209 BT AR AL 78 Ak 1 L

KA R X R A RS A B An H BOR
HE - S R 35 AR AT 3 T A TR R B YRR, B —
FHE AT B A9 AZ -8 30 An {8 He 388 K, B #
790 R HA LK (1 4.5) 0 X T HEAR CBS-
23-4,Ti0, AR L EHE S An A5 1k B8 Ik 2 5

G X FR (E 6a) ; Xt T BE & CBS-24-2,TiO, 5 An [A]
A8 (B 6¢) 3 BE il CBS-25B-2 1 CBS-26-3 7% 1k
B RE (B 6b.6d) ., MgO Fl FeO Fifi An (1) 725 fk 3
R TEREME (K 6)
3.3 RKANRERETER T HIE

AP LR 9 ANRHCABERSEAT T AR TR
B AT (R T RN R 2) AU A A A, 45O
NLAHEE R An (5 Ba &R E B AR HR
A (F 7h) B 5 Sr Eu 1Y Tk &M A B 8 (1
Ta7c) . MEBES AR EBRIMEES , An 5 Ba B K 2 5%
XERR (18 8) .
4 Itk
4.1 BALBEEIEMHKT An HEIE

2R T ARG A BE A Y RS R A 2R — IR
WA SR Z PR A AT, an R 2 SR B HT, A
W ARAS [ Fh 2 0 47 0 RS A, FURHR A 09 B 43
SAHBKRAA, A IR A B E A An A5 1k
A 8(El 6), AR REE K& Koy B4
FhAS 2 5 i [A] f37 & W {E ( Davidson et al., 2001;
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BHE A7 BE R B i 2350 T 40 B B9 An TFeO \MgO Fll TiO, & &A1k,
HIH 44T AR .BR.CR Fl DR B9 & 43 3457~ T B 5a.5b.5c¢ fl 5d
B 5 B a5 R RH A BE & 00 o 4 B

Fig. 5 Traverse analyses of zoned plagioclase phenocrysts
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B 6 BRar g Fa R A BE S A2 -0 8 08 35 R B

Fig. 6 Traverse analyses of cores and mantles of zoned plagioclase phenocrysts from inner to outer zones

Humphreys et al. , 2006) , A W52 (4 F1 LU RHE X
RAETESMAME N IZXZRA (Yu et al.,
2021) B AH e, B AR MgO & &, Sr/*°Sr &
R IEAEXTH14] (0. 705 080 ~0. 705 248) , H 7% 7F Hi
N FBAE I BN (& 9a) , 5 & 4k 5% A L IR
e MSr/%Se 2 Fh i, w98 UE S 0 R ALK
12 RA AR KRBT (Yu et al., 2021),
F Nb U & RHE A i 5 A AH 25 00 2 (X1 38 I AL
11,2007 ), Kl 44 1 Nb/U R R
FARAS R Lo ) A i & A B R ARk, K P
BB Z AR A Nb/U A X488 H LT A48
(44.62~49.65) , Wi /R #h 25 75 IR FE AR R 32 b 52 Wy
JE IR Y, Ce/Ph {H J2 ] B b 5¢ 1R e 19 22 48
B, AR5 10 R BE X BCE LR Ce/Ph fH 4>
bR o NG O I ol s Y = SR S A S
Ob) ., £ Lk, B 58 XN 77 7 TR AL TR Y ad 72 5 5k

M RHE A An 28 4E
4.2 PKAEHBRZ-BIIRFA TN (ERE
TiE)

K Dy i B AE K ORUA W R B R %
VER G455 b A ARG I 1A o3 S R OAL o R 45 A
AT 3 3 MR AL ] #9372 (Ginibre et al. | 2002)
AU RS A BE A An B FCREE ST ROk BE (AN Fe
Mg Ti Sr Ba Eu) 73 MR W5 BN A I 5 RSE .

BHE AT CaAl-NaSi 47 B 18 ( Morse, 1984)
R ] DAAR 1 b i 53 8 3% V6 i #2 ( Ginibre et al. |
2002) o K HHRHE L 2CE PR RHS £ BE 5 A HAT
- % 5 3l RIS A AR AT L B A1 Y An
{H3Z MR LI (Ca/Na) (B SRR IE R B 95 K
I H] ( Nelson and Montana, 1992; Davidson and
Tepley III, 1997 ; Browne et al. , 2006; Ustunisik et
al. , 2014; Coote and Shane, 2016), [H i, X 43X
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LA-ICP-MS 43Hr £ 4L I i 5 it fff 2% 2
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Fig. 7 Plots of trace element concentrations vs.
An values of plagioclase phenocrysts in

the Changbaishan basalt
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FEWIIE 8% (& 6) o TER I IK by v i 78 FE 45 R XF
WAT LAV REORHKE A An (5 & A A8 40, AR bR — i
M 2%/100 MPa ( Danyushevsky, 2001), An 3 fii
8% T B 1E 1 98 SR U /Iy 400 MPa(13.2 km) ., 04
FEA JGE G TP 25 & A AT AR T AR T R R AR
1B (AR, 2017) B 7R A 2858 38 h 245 5 i RHS A
BE b AR b Tk F v TR g B ) 0 s, AN 23 B An HR
Vi Ak s AR RH A1 B A 32 5 K D T 2 B )
284 20 An 3R 35 , (H X S TR BE X T M 52 55 0K 5
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RV KT RERY o 7 HL 201 % 9 e 4K 25 3
FUOHE i PR ) 5% U (Nelson and Montana, 1992) ,
BE R W2 B 5 0% U 25 #4 ( resorption textures ) (&l
2) I LAE AT RERIZUVE AL . B E A H,0 & i
A A AHE A An E3 K, 45 1% H,0, An 934K
2% ( Sisson and Grove, 1993; Couch et al. , 2001)
AR TE A IR T AR WG 10 AT BB 2 3 A0 ot s K i
(BRARAE,2019; TR H 45,2020) , {H 7 5 38 0 i 72
rh K R B ] N AN 2 BEOK R AR Al
SHUW An IR 224, D B M 2 oKk S &S
BN LA RAEAFT . HeAh, IR J2 K & & 0 22 4k
FET An R IR RBHC A ) Tio, KA
AL E S BN ( Neave et al. |, 2013) , X 578 &}
KA BE A T UL B TiO, A1 An 5[] 25 25 1k 1) 45
MEARFF (K 6c)  HIL, K B B Z R s R
A1 fi % - 18 4R o PR 45 R B AT BE 1Y R R e K
B il BE 0 8 AR A SRR TR A e R

FH A IR 3 An (B 922 46 5 X 5 3K 4 S i
PRI TC R A (Neave et al., 2013), 4, Ti
PR BLAT 8RB FL A T AE R A R 9 7 BICIE 22
18 PRS2 — A T Y A K A 1Y 2R BR R ( Hume-
phreys, 2009) . H1 T4 &5 19 BE 1k 2 3% AR X A0 A 0K
EHE S A An ATHEKAY TiO,( Neave et al. , 2013)
TERH AT BE IR 7 2Rl B - 56, Ti0, 5 An 2211
FHRKZR (B 6a) , X 5 5 KRG EH M4 2R — 3
A3 AH A BE &b 19 320 S 5 T (B0 AR B B AT s VIR 0
T, LR A e R T A SR 25 AR IE (] 2¢)
SIS Fe Fl Mg XM RHC AT B2 AN A TR HIF A
MELF Fe Mg 5 An Z R AHCAZ4L (B 6) , X 7]
e B T 0 BUHE h TFeO  MgO 1Y 43 M7 4% B 38 R
AEVUR A AR S 3L R T TReO \MgO B9 20 iU 1L
B EEMITR Fe MIREY HOTR Mg(FHKAHoT
FE P HOEE Mg>K>Sr>Ba>NaSi-CaAl; Van Orman et
al. , 2014) FERH A TP T BT A %

Wy Rk B B AR AL AT RESZ I An fH, (B
Xof S IC 2R A R A R A B, B A R R T R B
B2 R R B4 #5  ( Ginibre and Worner, 2007 ;
Bezard et al. , 2017), Sr.Ba .Eu NRH A BIAHZA T
R (R 1 2B ) Kb 28 R Y B S I 2 X R R
ATIXSETT R Y I ORI (7). B HEF] Sr
PHOH X B Bu 52 R FE WAL Sr Eu 5 An Z
(] 9 A O 1 32 B W R (18] 7) SO SCE i ik Ba 5
An PR SCIE ALK e Wea K B ad B . i TAh A Y
FEPEA HRE X A A S B R B An ALK Ba
% it (Izbekov et al. , 2002 ; Browne et al. , 2006) , H.
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B8 &M Z R A W EHS A1 B b 53T B A R B A B0 S 0 20 i 355 350 11 43 M A9 An AT Ba 75 i A8 fk

Fig. 8 Microphotos of plagioclase phenocrysts under reflected light and variations of An values and Ba

contents of different zones from the core to mantle of plagioclase phenocryst of the Changbaishan basalt

RH A BES i T R Ba JLF R Z IR R S A
HIROK SRR A BE A AR E 18 ES , An 5 Ba
HA RGBSR FR (# 8) , BE W RHC A7 B dh 1% -1
ik Pl 450 Bl A AN IR S S5

BEAh, BR T PR B A2 AR SRS, B AT An
HIE S EEA K, An X Ti A AR 380 & 1L 2 3L

N, TE H 52 I BE R SE R A AL Ti 5 An (228 4k
2 JE [ ) (Neave et al. , 2014) , X T &K & CBS-
242, H Tio, &&= 5 An BA MR R D% (K
6c) , Pt H] 322 320 BE 1Y S R (25 5K b b0 B30 %
X AY REJE B — TR 22 ) .

Bt CBS-25B-2 1 CBS-26-3 [ Ti0, & &5 An
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Fig. 9 Diagrams of MgO vs. *'Sr/*Sr (a) and Ce/Pb vs. *’Sr/*Sr (b) for samples of the plagioclase-phyric

basalt matrix and the basalt in the Changbaishan area
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5 B B 45 b B X T A MgO il Sr 7ERHE A
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FH# (Costa et al. , 2010; Zellmer et al. , 2011) , 4k
T 6 A5 WF 55 DA 2 R 2 b BR b 2 b 6 2 B kAT
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(B4 E T EMAMHAE WM EITTE) I AR B
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B3R5 A IR Z R B A P O R AR
K B 300 G A%~ 38 B A3 e 2 43 A H B 5 0
FEARHE A AL An TiO, MgO TFeO JLF (K 4) , %
WD 2 45 5 TR0 a7 Lo AR s, Brlh KA
LLARHERE 2B 00 P T 45 48 R A B i 320 2% 1 1202 B

mn B AT A AR S A5 0 IR RS & T AR AR AT Y
B PR AR SO R S R G A TS L T
E3i0N/ S QIIEUE

IR S B WV A, BT R R R L AR R
AR BEE R ED AT RS A AR TR i S A K
Ui YA B B8 o 5 IR B RN R AR A BRE A DA &
BE TR AT 1Y 30 2 8L 5 3 T B s T8 A B 8 A3 (A
4, B, ERHE A BE M LS, An B A ~ 80 FEAIR
% ~35,Ti0, M ~0.06% L F+ 3| ~0.23% ,TFeO M ~
0.5% T3] ~1% (F 5g.5k) , HIEFAK A WA [
R RS, 75 R , MgO BEE An 1Y 3%
AR REAR (1 5) , B oA A T -1 8, fERHS A
gh it R, Mg B ARHE A — 48 R 2 T 22 400 i 2 A
An B AT F+ 5 ( Bindeman et al. , 1998 ; Tepley III
et al. , 2010; Sun et al. , 2017) , ff LARHK A7 A9 MgO
THY An (H7ERE S RHS A AT 0w R BR
XFFRAE AL EEH A7 ] MgO PR b i F 1 ks ok 28
R ARG MO &AL, F 3 MgO 5 An
Z A T BB 1R Bk AR fK & R (Costa et al.
2010) , BT Mg MIRHC A ISR BE R AR & KR
JoT 25 H 2 i R R T e B AN OR & A2 8 4K (Sun et al.
2017) , T AAE R A f iR I 2 B8 1) MgO 5 An
F4 [ 2L AR (BT 5) I 4 7 1 1 5 B B 9 2 A & o
MgO & i M PR FEAR . #EiA H MgO Ay R 3 [ 1% 7T
fil 5 W5 R e A A 8 B R AR B A T (TR R R
0T ) S f A DG . AHEE IR RHK A B i 1Y 30 2 A
XFHEAE B T ARHE A B A0 /N W) 3 B 30 38 M 3R
I Ml BV H A R PR DRI AR A 3 S - A T
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AL bR, T FeO A FEAR (T i sl 8 R A1, 18
5) U AZ 2 T A LT R DR A TR RS
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Tegner, 2004; Aigner-Torres et al. , 2007) ,
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Fig. 10 Diagram of relationship between liquidus

temperatures and MgO contents of the basalic magma
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Fig. 11 Diagrams of Zr vs. Mg*(a), Zrvs. Hf (b), Zruvs. La (¢), and Zr vs. Nb (d) for samples

of the Changbaishan basalt

12 KA WX Z A ARV RS C A M5 MgO-Cr(a) Ml MgO-Ni(b) AH¢
Fig. 12 Diagrams of MgO vs. Cr (a) and MgO vs. Ni (b) for samples of the plagioclase-phyric basalt

matrix and the basalt in the Changbaishan area
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