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Abstract: Recently,few researches have been made on the thermal evolution of the mantle in Northeast China. An effective
means to solve this issue is to study the variation characteristics in composition of basalts in Northeast China. In this paper, it
summarizes and discusses the composition variations of the Mesozoic and Cenozoic basalts in the northern Great Xing’an Range,

with the aim of revealing the thermal evolution of the mantle within the study area. The Early Cretaceous basalts in the north-
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ern Great Xing'an Range geochemically belong to tholeiitic series, which are characterized by depletion in high field strength el-
ements (e.g.»Nb,Ta and Ti).Their La/Nb and La/Ta ratios range from 1.8 to 5.6 and from 30 to 87, respectively.implying the
basaltic magmas originated from the partial melting of the lithospheric mantle. Their initial * Sr/* Sr ratios of 0.704 5—
0.706 9, ey, (¢) values of —1.52— +3.60 and e (¢) values of +1.74— +7.77 further indicate that the magma source is weakly
depleted-weakly enriched lithospheric mantle. Additionally, the Sr-Nd-Pb isotope compositions of the Early Cretaceous basalts
suggest that their magmatic sources are characterized by mixing between DM and EMII modified by subduction-derived fluids.
Taking the above-mentioned into consideration, it is suggested that the Early Cretaceous basaltic magma was derived from par-
tial melting of a lithospheric mantle metasomated by subduction-related fluids. The Cenozoic ultrapotassic and potassic basalts
have weakly negative Nb-Ta anomalies,®” Sr/* Sr ratios of 0.704 7—0.705 7 and ey, (¢) values of —6.3 to —0.8 whereas the
mantle xenoliths entrained by Cenozoic ultrapotassic and potassic basalts show the depleted Sr-Nd isotopic characteristics. The
Cenozoic sodium basalts have positive Nb-Ta anomalies, and lower * Sr/* Sr ratios of 0.703 5—0.704 2 and higher e, (¢) val-
ues of +3.4— +6.6 than those of the ultrapotassic and potassic basalts, similar to those of MORB. These geochemical features
suggest that the Cenozoic basaltic magmas in the northern Great Xing’an Range were primarily produced by melting of astheno-
spheric mantle. The composition variations of the Early Cretaceous and Cenozoic basalts in the northern Great Xing'an Range
not only indicate that the basaltic magma sources had changed from lithospheric to asthenospheric mantle, but also reveal the
thermal evolution of the mantle in the study area, i.e., high geothermal gradient in the late Early Cretaceous changed to low ge-
othermal gradient in the Cenozoic. Combined with the regional tectonic evolution, it is concluded that the Early Cretaceous ba-
saltic magmatism in the northern Great Xing'an Range is related to the taphrogeny caused by the lithospheric extension and
thinning, while the Cenozoic basaltic magmatism is related to the intracontinental rifting.

Key words: northern Great Xing'an Range; Early Cretaceous; Cenozoic; basalts; thermal evolution of the mantle; petrology.
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Fig.1 Distribution of the Mesozoic-Cenozoic basalts in the northern Great Xing'an Range
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Table 1 Geochronological data for the Early Cretaceous basalts in the northern Great Xing'an Range
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Hawkesworth ez al.(1995) Fll Rogers et al.(1995) ; PM.JF 4 b i ; EMI.T B & 4 b i , EMILIT B & 2E #i e , 5] B Zindle and Hart (1986)

U g AL A B AT E A R SIO, = AL B
LR — BERH LR, SMERLTR. T
HE FuR#,. 5% Rb.Ba. K HEKRE FEALILER
(LILE), 5 Nb.Ta.Ti % & %5t % (HFSE) , B
BOREF OIB fil MORB L& (E 6), EfTH La/
Nb(1.8~5.6) Fl La/Ta(30~87) {8 ¥ i = T 4 i Fl
Hib (La/Nb<<1.5;La/Ta<<22) .1 5 & 41 &l i A
Py % A A AL (La/Nb>1.5; La/Ta>>22;

Fitton et al., 1988; Thompson and Morrison,
1988) , 3¢ W] H 5 3R AR I T2 A Pl 1 e 0y Joic (%) 350 -
flt o6 TR B S A By Se-Nd-Pb-HA [F] 7
R N, R W b o 1 35 ) X B e A S H At
KE S X s A B AR R %R B KRR
AT Se/% St FUAE N 0.705 5~0.707 9,6 (O H
H—4.58~ +1.88, ey (t)H N —6.9~40.3,
25 Ph/*Ph S 18. 150 ~ 18. 530,%" Pb/* Pb W
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[ 45 DL ] 7 5 5% TR 0% s IXOB AR AR K L S A H AR B Rk A 51 Hawkesworth er al . (1995) Fl Rogers et al .(1995)

15.539~15.489,2° Ph/*' Pb y 37.761 ~ 38.344; H:
fis B ¥ A A Y Se/Y Se W e
0.704 5~0.706 9,ey, (t)fH N —1.52~ +3.60,
e (OMEN+1.74~47.77,"Pb/* Pb }y 18.301 ~
18.531,%"Pb/* Pb } 15.457 ~15.586,%° Pb/*' Pb
h 37.940~ 38.440. 3% 2 [a] i F Hh 5K Ak 27 FF AR K W
RG22 b B 1 Tt 2B A i A R R X 55
70— 55 5 S A B M T AN 2 RO B b 1
b A (Hawkesworth et al.,1995; Rogers et al.,
1995;Fan et al.,2003).

BV LHE e (1) —ey (O BB (E 7)),
MEZRTEAN e (D H e (OEBIEMXKLR,
AU Nd— Hf i R IE , BEATIE £ 2 3k 55 5 %
LT ey (5 ey (OB BALT MORB #4 75 4
HIE (e (1)~ 4856, (1)~ +13) .1 5 OIB+1AB
T4l 18 AH L (Zhang et al., 2008). £ (¥ Sr/%0 Sr);-
exa (O B (B 7h), B 2 A AR
DM #l EMIT Z 6], H h 35 3 20K it A A B AT 0]

1600
(b) R %

0
45 50 55 60
Si0:(%)

EMII ¥ 1t # #«, 7% Pb/* Pb-*" Sr/* Sr #
29 Ph/* Pbe () EIfift rh (B 8) , L Bt L R e
A 775 MORB, EMI Al EMII 2 ], % B B 19 % i
Z AR IX R DM A EMIT R e o oc 17 A
T 2 D5 T IR P i A 1 58 AR R % 2 W8 L B L
T Z W A A T 5 Nb, Ta, Ba/Nb Fe{H (26.9 ~
239.0) 78 fk I BE KL 1 Ce/Nb(3.82~12.7) M AH A8
AR FE /0N B i FLUR X ARRAE 5 30 44 52 A AR 1T #5 AH
T (A R 35k o E A OW R R+ oe E i AT i
((Nb/La)y #E/NF 1), XA REAE 3 — 20 Sl T 8 9%
JEIX 32 A op 3 4 22 AR FE F 19 52 I (Pearce and
Peate,1995) b 4h, B TR X 2 5 7 H A7 5 i
(9 Nd R A7 2 REAE . BRI ATT R 3 A o A 07 5 A A X
T N R 2 A BT DA 2 30 0 AR 22 AR Mg
AR By 5 450 b A A= R A3 e AR 1) K BT K
W A EL Nd [F] A7 2 55 7 101 22 559 & 48 M RR 1R (3 4%
ZE,2001) XL 5 R 2SI L B X B s
A0 Nd a7 2 20 R AE AR — 2 MR 38 o0 2 A ) 47
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FRECEL 7,81 9) s K246 Z WS L B 1 i X sl
AR A BA S SraZe/Y Wl 5 3 E S
Mo XOH A ARk A B M L (Hawkesworth
et al.»1995) . 3¢ B Z5 I Ml DX A= AR ko A 8 B T il
JEE A L TR T 32 by O e i A 2 T) s 30300 of ) 3 44
AR A P M PR U, FR AT O K% 22 0 b B B
P12 A 1 U DXy 32 AR e 3 A 32 AR Y
A P g AR AN 2 R A A A AR R I s A
PRt T2 H T S S0 o 33 7% 490 0 A TR 3
A K I B AR T A0 ol ) e 2 L T 0 0 U X AH
Xt & 4 LILE ifi 5 #l HFSE, 76 3 F #b % I X 5 5
PR KL A R RE 4R R T A 6 R 4R LILE i 7 46
HFSE WP 5. e Ah , K422 A B3 T 2 K i A 9%
D5 F A TR AR X T S R IR XA E 2 5 h
55 B S 10 2 A P e, A R S T A R R
X 55 5 T — 55 6 5 09 A A el e

3 KRG AL BOF AU K B A A

3 Ao X AR A Bl 2 r — B AR A KOS R AR A
MG T, e IR 2% 22 06 b B A7 76 35 K8 B 25 K 1)
HIOW B 28 e 2 — s 22 1 S R AE H (Tang
et al.,2018) 7 A= AR K A W AR £ 16~
0.5 Ma.

K2 W A6 BOB AR KRB A v 2 R
oM Ko O/Na, O HAE , /Nl BUIS 1l 5 S A
FRZ A (K, O/Na, O 1), b5 5]  BF% Al — 55 1
KL B R A (1<K, O/Na,O<<2) , W& $i7 iy —
Sen] ok 1l A S B &R 41 (K, O/Na, O << 1) (Zhang
et al.,1995;Chu et al.,2013; Ho et al.,2013; Sun
et al.,2014) FEM + o0 R L 4 B g b (B 6a) , K%
WAL BO AL R A A A M ER TR
i AR E TR R 100 3 % 5 DA B 5T 3 B 5 A
B Wi e ST S ¥ (AW TRA SR A R i R
2R HA AU S T R B i R R R b kAL
FROE, T S48 5 X s B BOR 22 7 (B 6b) B A=
BB AMHR LN EEEREFRATR ., TH
FsRC R, A Th—U S % ME5 A Nb-Ta it
S, B SR IR 8 B8 P s KT Ph/* Pb
(16.44~17. 23), " % (W Sr/* Sr (0. 704 7 ~
0.705 7, LA A e (O H I —6.3~—0.8, 21
EMI [ Hl 8 35 G , 10040 50 2 2K o 485 4 1) b 0 47l 995
K EA T8 Sr-Nd-HI [/ 47 & 4 (e () H A
—0.05~+7.58,e ()N +2.4~+21.1, Zhang

et al.,2011). 25 & LR HRAE , AT DL E X 46 %R T
RN A R T A P 0, i AR A A P M g (Lia
et al.,2016;2017). 1 T F¥ F M5 KO 7K
#1314 0.61% (Rudnick and Gao,2003) , K it , FH-1F
IRTT 52 (14350 43 AN B 7 A ok Pl ELAT A e
AR A 3 (Sun et al.,2014) , A2 85 5 A= A 47
o — B %R A Y O R AR AE R Ph [ A 2R 4l
J s PG PR UCRR P W] A Ay 3 6 20 3R 1 R X4 43 1
W25 75 3 Ok M £ 22 AT (Yaxley, 2000 Kuri-
tani et al.,2013;Sun et al.,2014,2015). 1 4b, 7F 14
PR L R b, A B AN (S A ] b i b )
e 2 W 1wl R BE RN R 7 (Humphreys and Niu,
20093 Niu et al.,2011) , ¥ £33 i 45 78 — 5 0 A B
VEHIE 45 1 T i 5 1 & AR G4 (Xu et al., 2005;
Tang et al.,2006) , # A= A BT & 2k #5717 19 B
A R AR HaT DL JBRCER BT 1R A9 4 s BEFE S B RS
PR Py AR HE B 33 A A AR o X R A R A T
I AR R R A R — R AR R T SR B AR
¥ (Zhang et al.,2011 ;B HN 55,2014).

%AW A BB A= A T L s (R s %k
FOHA Nb-Ta IE 5%, 5 OIB HA LM fif & oo
FRRAE B A TR L A B AR S/ S
(0.703 5~0.704 2), LA B E B e (O MH N+ 3.4~
+6.6, W5 MORB HH{BLAY 75 451 3 8 7] o7 3R 47 AiE
(1 7b) , Fe WA ot 2 A e U T 5 400 0 I el e
(Ho et al.,2013). Ak, K 2422 08 b B A= A8 B
LA EERK L IOUER BN La/Ce(0.43~0.51)
Fil Ce/Sm (6.9~ 8.8) fH = T JiL 4y #b 12 (La/Ce F
Ce/Sm {E43- 5%~ 0.39 #1 4.0,Sun and McDonough,
1989) , 454 5 F i Se-Nd [7] A7 & 4 AF . W IR X 1Y
B P Mg A 3 22 AR AEH (Ho ez al.,2013) 4R 4
L TR A B A R RO e P-T S A
8 B O BE KT 70 km (BERHL AL 25, 2008) , 3K H
I fi AT RN A 5 A AR A RO AR A 2
TR A ORE R IXL R % e I b B R L R
% Ph/* Pb {4 15.537 ~15.552,%° Pb/** Pb
{Eh 18.388~18.552, B IA &R ML AL 1) HIMU 24 53
AR & RO A Ph A & R4, LN —
RIVE b 2 R A (N-MORB) B A & 192 Pb/*" Pb
B FAbk k2 %2 2 I (NHRL; Hart, 1984 ; Ho
et al.,2013), 3 W 5 % N 1Y 08 28 5 52 A0 ¢
(<C1.5 Ga; Thirlwall , 1997 ; Xu et al.,2012) . HE 2
BT AR 5 2% BH RS- P Al b 7 v ] R b b DX e g
b S OR T, BRBURE K B 150 ~ 200 km
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(Zhao,2004) , fiif B AR HLIE B T R %208 9 AR % . A
I o R W I B A A J5 2 B (9 ] T g
i B PR KT A R DDA O

R A BT A AL BT e A R U T A
P s L 5 — O R S R X RO )
BRAL AR B R A 22 5 1 AT AR ol T LR IX
Ph A A 22 5 25 AR AR BT IR DX I %
71N R 2 A BE by v A= A A R e A 9 1) 7 A A
B el e U

4 RLZZNE AL B — i AR A e AR
feid e

41 KAZRBIEF-FERZEREAERRERE

KRG Bt A L R BUA A DAL BE X s
AT 2 Ao = T A AR 00 A el — o i
ZR N FEE 2a) LI A A 45 R WORPLBE X R
AR T M08 A R 7 B (15 X 10° ~ 25 X 10° Pa;
50~60 km) 2 KR BE 3 45 Rl T B0 S T Bk X
B I P TR e (*>30 < 10° Pa; >80 km) /N
JE IR 434 il T % (Falloon et al.,1988). A 1L, #E
22 b B 2 a0 R R X L R
NN A R AR U = [ R s
(2000) MR8 K LU 19 8 A0 Ak 22 BEORE HE 53 O 9] e 1
4 CRL P 20 05 2 A0 19 S R TR A R IR 1Y R

(a) H A AR 40

U JE (km)

1 M1.2~1.4 GPa, i EZ N 1 300 C.EIFEFEEY
46 km, K24 % W A6 BEAS AR 7E L 2 %kl
P 38 7 K T AR B AR A TR S0 AR B A
(Wu et al.,2011;Xu et al.,2013) , B s 5L 11 {1
Vi) 32 DX ot T A6 32 6 v DO 1 2 o B A 1
TR IR TR B 5 s A A R O, Y Y b R
B BE AT 35 28 °C /lemn. AR 45 b BR 4 B A 3 L R 2% 220
BB AR KA KN E A AR YN 120~
150 km (L #¥4H ,1987 ; Zhang et al.,2014a) , Hi A%
2T R R T O B S B T 3 B A
I HE DT R 2 22 04 A BT AR AR T A A R U TR
B2 120~150 km (Liu et al.,2016;2017). X 5
HR A 75 0 B8 A8 10 I AR A5 10 4508 02 — By, B K 2%
A AL B X BT A J R R R B e AR AR B A AR
B on R AR O B b R A R R (4
1400 °C)FI# 2R A IR VR BE (120~ 150 km) , #E I %
DX A AR B R AR B 290 9.3 ~11.7 °C/km. L4,
R4 AL B L 1 S — 7 A AR A B R A 22 4
Ko B 7R D AE AR B BB A AR R SR LB A
Pl JE B 3 34 8 A (IR 10D 33 5 2 XK v A AR e 30 3]
A AR R R S R AR R AR AR )
42 AMZRIGIEH—FERMIBE ERRAEG
i 22 A e 1 0 B SR 1 R M TR 5 b e [ A
LAIBE, TR LR 5 08 [ A R ARSS A 3 Fp oy X
(B SCHITL 2006) + (1) REAR L b 1 119 Jo fal iR 8 52 5600

(b) #r EAR

0
Fifi 572

B 10 R4 Bh — 3 A R LR BUA A B il 72
Fig.10 Simplified carton describing formation process of the Mesozoic-Cenozoic basalts in the northern Great Xing’an Range
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SC, b b ig R R P g & 4y (an Ho O, COL) 1 i AT
AR K Ml B AL R 5 T T 2 AT 1 M g 1 425l L 32
(Olafsson and Eggler,1983) 5 (2) 4 15 H1 8 fi%) 8 & 5
(3) %A P Tk 51 3 Pl 4 3 Qi ) 1 i & A=
T2 LTI 4 % 22 U A B v — S AR AR b g A7 il A%
A R 5 [ e

SO 58 3R W R 24 2208 AL B R i X R i
AT SRR Xy R 52 A i A4 22 AR A R
53, 3 % B b 0 v A 4 R A A S AR T R 1 A
Fl R B R %A e b B v AR AR K B A A AN AL
KR R KR A A SRR E A
ROk R Ok X R A A Gl R
20113 Wang et al.,2015) , AR 4, A4 340 (1) Hb &
SRR S A A R R Rl TR 2 R B 28 B
BRLWE? 3XA] BRSO R A N A AR BRI T M
8 P e TR BEE L (H AR R DA s 3R £ 5 e e (] A 4
FHAE N DX 38R b g 3 43 BT PR A8 W AR AR R % %2
U4 i DX A T PR 1) A P R L R e R R R L
VR MR 55, 1998) L i#E A T LA BEAE R £ 094
TG S B (BB 45, 2001) , A1 B 4 32 17 Vi e AR 2
DL BT b R 45 1t 5 1% 3R R v, L 1 T A (] b
T £ 5 b 0 31 K 26 AH 3C , 85 b 3 AR 52 AR 1 A
Hiu 8 &A= T RS B A L T BT R T KR
JBA A X U B R P X A R R IR E S
IR S P ) D A0 6T T ORF o 3 AR %) A TR L AR S
AR AT RE 5 5 — SRR R s b A R s
A 3 R A G T 5ty AT AR R A AR b R T IS
& A BRI R T — W — HE LA 1E
HL— P % (173 ~ 190 Ma) 55 58 2% 4 1l 4 4H &
(EMMEE, 2009 V7 C R 45 ,2013) , T /N 24220 — 5K
T AW M XA A [ B A X 3 e A B AN 4
2011:Yu et al., 2012 4R FEF 55 ,2013)  HEWr 7 4
H: 22 Ry IR 3 AR R AR e 5 i 14 243 8] 0 1B 1) 7 A i
FI) R %20 i X, UL, HEBR T 00 o 9 A 5 AR K.

RS A B AR AR K R A R R IR B Y
S 120~150 km.4k 1M » McKenzie and Bickle(1988)
TA Ry TE B Ml TR T T A ORS 5 b e w4 2%
PR 5 A P RS b J5 /N T 65 ~80 km, AT %5 41 1B
POl U B L K R U B s B I T A R o
b AR RN T [ A 4 AH 38, 5 80T 10 b R R 1Y A
FAE B (B SR, 2006) . T8 4 R 2% 22 1 b Bt
AR B R AT A S 7R W SR 5 P e A
flWE 7 X AT g 5 T A A0 K B A TR X A
KB AR L R TA IR X R B EMI RRE (14 7

T 75 I8 T 5 24 o ek B BEORE 2
71 b W o A7 R A KT PR e AR A 110 3
i 4 7 B BT AT RE Ok AR i Y TV AR B (R X
2017) oo i B B R O oA R 3 mT A
B R DX K 3 AR il B2 o BT {8 75
B P T A e T ORI A AU P 2 A R
2 RIK S22 (2008 ) K5 I e 18 3l BR Ak 2 AP A 3 7
MG S 45 G IR IE T NNW SE [ g /) ity BT —
FHE — TR M — sl Ko s i 2 5 A Ao R Y
REGEA V15 TR NNE [m] 44 3 417, 36 B B
AR B IR TR B o P R A AT K

g5 Lk RG22 AL B 1 A A K
AT R4 2 A B L sk 3 BSGA R86 A AR G T
A AL BT I TR B 5 P R 1 AT K

5 4Eip

(1) R LB R 1 2 s R I T
32 RSPV e A 52 AR A S A R L B A AR RS
R DD T A P

(2) R JL B A1 18 5 JEE M v A AR e 401 21
A A T IR 3 5 3 DX R e B 1Y I 3 R AR A
W&

(3) R LB 1 R 1120 505 J A IE Al
5555 A0 PR R L IRCHETE 184 2R A TR S, TSHi AR AR
LI IR TR B 5 P R 1 AT K.

B RMAEELFRE RIS IFR
B SR E L.
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