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Rapid ascent of basaltic magma beneath the Datong Cenozoic volcanic field:
Evidence from mantle olivine xenocrysts
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Abstract: Quantitatively determining the timescale during mantle-derived magma ascent from the source to eruption
or emplacement is essential for the understanding of magmatism, however, the timescales of eruption/emplacement
are still poorly constrained. Shanxi Datong Cenozoic volcanic field, north of the North China Craton, is an ideal
area for the investigation. In this study, we focused on the mantle olivine xenocrysts entrained in ca. 0.2 Ma Shen-
quansi alkali basalt, and its timescale of residence in the host magma prior to eruption. According to mineral chem-
istry, cores of these mantle olivine xenocrysts have Fo values up to 97.7, which can be defined as extremely mag-
nesian olivine. They are also characterized by the extremely low contents in Ca, Mn and Ni, suggesting they were
captured from metasomatized mantle peridotite. Moreover, both of the mantle olivine xenocrysts display complex
CaO profiles, attributed to complex magmatic processes in the magma plumbing system. The reaction rim widths of

one olivine xenocryst vary significantly, implying it has experienced multiple crack processes when captured or dur-

Wim B E: 2021-04-20; #EZ HER: 2022-02-08; %iE . FHGE

EE&TH . P m B EEARIE S % (2652018120) 5 H ML BTR A% (JLED) “sREA2 A7 41 (26502201901 ) 5 E 5K A AR =R F A
BRI 4 (41922012) 5 H T K2 (65 BB AL I 20T (S202111415017)

TEHEE N WARRZ(199- ), WEBR AR, T Y% A% 0 IKR% %, E-mail: 3001190016@ cugb. edu. cn; EHMEH . %
(1984- ), W, ##z, HGFT, W5 a3 S 808, E-mail; thou@ cugb. edu. ¢n,



520 A

i W

A
= % Gk

41 3

ing transport. The Fo values of the mantle olivine xenocrysts rims are about 70, indicating they are in diffusion

equilibrium with the host magma (alkali basalt) at rims. Timescales obtained by Fe-Mg diffusion chronometry of

olivine mantle xenocrysts show that they have only resided in the magma for months. For a lithospheric mantle

thickness of 40~70 km, the fastest average ascent rate may exceed 500 m/d.
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BRI A, 5 3R 0 1 B ) S 180 1R B
IX Ry 2 R Y A AR 5T e IR W R I A it R A8 O T
(AL A R AAAE AL S | 3 S ad A BV A E 2K
WA 3] 72 M H (U0 Blundy and Cashman,
2008; Cashman et al. , 2017) . SR, 4Rk LH T
AR R I T W) — S AP i ok A 0, (e
KMk Z IR R B, A SRFE S T Py RS A1 Z AR
/DHEfE I8 B F 7 ( Pichavant and Macdonald, 2007;
Laumonier et al. , 20145 Annen et al. , 2015; Bergantz
et al. , 2015 Ganne et al. , 2018) , RN AL
R AT B S e ad fe . 1N
B R SR, A KA A IR RO &
AR KIS I 22— AR, BRI A
O35 AFAGFNR A 1R i TE] LA K & 9 M4 P35 R 1)
A FH Bsf 8] 18 4B Bk = %5 3 19 29 51 ( Costa and Dungan,
2005; Chakraborty, 2008, 2010; Cooper and Kent,
2014 ; Dohmen et al. , 2017; Cooper, 2019) , #:Z X}
Ry NI L Sy s Ry 700N e SOl W) T
RS RUAATEIR R R (£ 1),

WFFENE A K IS 2 % 2 M 3R 1Y b T ARk
WELE, EWLONRZER D AR Bk
Jr=URE KAt IE & G0 0 AL R 4R A 2 R
(Petrelli and Zellmer, 2020) ., H ik 580 &)
Th R — LA ) SRR (4N Sparks and Walker,
1977; 1980, 1984, 1987; O’Neill and
Spiegelman, 2010) , #48)) J7 22 525 ( 4N Hofmann and
Magaritz, 1977; Wanamaker et al. , 1982, 1990; Oza-
wa, 1984; Szabo and Bodnar, 1996) FI#H ¥ i 43 ¥y
Y HOTES (U Peslier and Luhr, 2006; Demouchy et

Spera,

al. , 2006; Ruprecht and Plank, 2013; Harangi et
al. , 2013; Brenna et al. , 2018) %5 (42 1), BT H
KR — PR Lt e, 1L 28 ) 2 B R AT A )
JI5 SR W R AR BOE 1o TR, 5 SEBR
NEER, Fr IR B B 225 SR A ATkt A L 77 e 0K
%22 (U0 Rutherford, 2008; Gonnermann and Manga,
2013; Browne and Szramek, 2015; Rivalta et al. ,
2015; Petrelli and Zellmer, 2020) , & T 9 4330
A I TC R YOI AT LA Ry SR P s [ RO $i 1t
R EIEIIZIH (Costa et al. , 2020) , fEIEEER AR
ZEEORA TIORY BRI AE (Petrelli and
Zellmer, 2020) . W F MG A 78 % 28 A A 3 i
BH, HWRKE AR A, SR K )9 B R AL
O 28 o K & 52 55 2 #E ( Dohmen and Chakraborty,
2007 ; Dohmen et al. , 2007 ; Holzapfel et al. , 2007) ,
Xof Hsf 1) RUBE 8 A1t 58 238 SR A X SE S AT & MO A4 T R
PO BN X R FUE K RS K B
423z Vi F (Kahl et al. , 2011; Hartley et al. ,
2016; Moussallam et al. , 2019; Sundermeyer et al. ,
2020) o XF ARSI I 2% DA b B B8 2 h R A
AN RUEE it AR 20 AT LR 55 25 I s 4 1
AR, A OH CaO Fl Fe-Mg ¥ HUI T H 25T
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AR, T BT kg B A i, B O W
R4, Y R 5z 0% 2 55 52 I AR K ( Chakraborty
1997; Coogan et al. , 2005) , {EAEMELITS 2] BEA A4
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Table 1 The timescales and average ascent rates from mantle source to eruption on the surface of alkaline basaltic

and other mantle-derived magmas

ik B Jiik e A y’”:ﬂ_ MO 0
J/km HE/(m-s")
Sparks and Walker(1977) ZRA b 0 A T AR A 7 >0. 001
Hofmann and Magaritz( 1977) L EE S AR R CaO 3256 <3d 60 >0.2
Spera( 1980) Bl 2 A BILLZORENTIN G i >0. 1
Wanamaker et al. (1982) e we) i AR A7 2 B A S 3~74d 60 0.1~0.2
Spera(1984) e ive) Bl 1 F RN T A 0.01~5
Ozawa(1984) PR IAE MR A O A TR T R RS <ld 120 >1.4
Spera( 1987) BEZ R fRT BRI SR Y 8d 30 0.1
Wanamaker et al. (1990) e W) i AR £ 4 B A A S 80~170 h 35 0.001~0. 1
Szabé and Bodnar(1996) B PE X A Hb 2R foh A 53 T 5 18 h 60 0.93
Peslier and Luhr(2006) B PE R Mg HO 7 At 18~65h  34.5~40.4 0.2~0.5
WA A AR v A 40 >0.5
Demouchy et al. (2006) e vy HubE WS 47 HO Yt 1.9~6.3h 60~70 3~9 T
O’Reilly and Griffin(2011) P Z R LRk 0.2~2
O’Neill and Spiegelman(2010) ZRA 2 WK IR 25 A 0.24
iR A 0.01~10
Ruprecht and Plank(2013) 2 HLE WS 47 NiO ¥ 0.3~2.2a 35 0. 000 6~0.000 9 H
e A 0.001 2
Harangi et al. (2013) (e anwer HiBE LS AT CaO B E ) 1.3a 60~90 0.001~0. 002 ¥
HUMERIHE f1 CaO ¥ 83 Y 86.4~115.2 h 60 0.14~0.19
Jankovics et al. (2013) BPE XA ey A 0.8~1.6 h 60 4.4~9.2 X
Hb A AT R AR A 40~66 h 60 0.1~0.41
AT CaO A 86.4 h 60 0.19
b A A T AR 86~426 min 60 11.9
Ray et al. (2016) itz s EMAHLY AR 1.7~8.5h 50 1.6~8.4
BILL R ORENTIN G2 R 41~139 h 50 0.1~0.34
b Ay A S AR 20~ 100 min 50 8.3~41.6
i HWS A7 CaO H T 126 h 50 0.11
Hayes et al. (2018) ZRA LRk 0.001~10
Brenna et al. (2018) T 2 ISR f7 Fe-Mg 4" Hi ) ~1m 27~80 0.01~0.03 ¥
HuAHS 47 HO I itk 0.75~12 h 27~80 <~10
Petrelli and Zellmer(2020) TR Zk 0.01~25
BN Bl IR f7 Fe-Mg " Hi+mt 131~263 d 40~70  0.001 8~0.006 2 H
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al., 2018) . HECRAZITEF XA 2 e
157 B M F A ] RUBE A N FHAYCA 1 451 ( Brenna et
al., 2018), PR ik 75 ZH Z K 2 5K, Brenna 5
(2018) XiF 115 21y il 120 % B AT 2 L #5707 1) b g A
AU A Fe-Mg ¥ BT OB 98 25 R o, R
KT BEAEMLTE A I Dy s B, B XA K LTt
Wl AEE P, #3355 0.01~0. 03 m/s,
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Fig. 1 Simplified tectonic map of the North China Craton (a, after Kusky et al. , 2007 ; block boundaries are from Zhao et al. ,

2001) and the distribution of volcanic centers in Datong basin eastern volcanic field (b, after Wang Nailiang et al. , 1996)

1992; Jii 4, 2001, 2009; Wu et al. , 2008) , ¥£  2005; Geng et al. , 2006; Kusky et al. , 2007) , FEJE
BRI (2.5 Ga) SE MR DFS FIschiiEfl  FERAR NS -BEK KA L N (TTG)
(Zhai and Liu, 2003; J7ii*E45, 2005; Zhao et al. ,  FKA . WG, fedbsah@ 00 17 oo AR
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W IAE T (Zhao et al. , 1999, 2003, 2005, 2010),
A KGR 10 2405 1Y #4120 0 (0
2006, 2011) .

AR DR, BT 32 2 RO PR AR L VG [ 4 ol 1
SR, ARb TR AR SRR B & AR T R A S
FNEEJE B 44 P 4% ( Zhang et al. , 2014; Wu et al. ,
2019) , FEREMAEHEARIE (Meng, 2003; Liu et al. ,
2005; Wang et al. , 2011) , G AR g Aok Fi1 4
Il AL AR SRS 2 B, At o hirim AR Sl e s A
Pl JE2 3 e i rh AR QI & A BH I sk 8 ( Menzies et al.
1993 ; Griffin et al. , 1998; Chen et al. , 2006) , 1AL
H R ELA Hi TR 3 | b 3 AR A R YRR AE (1R X
NI, 2006) , 5SS, POk b et (L7
fR A B — LR, LA 20 sh AN BT Ry 5 b
X (Xu, 2002; Zhang et al. , 2003; Xu et al. , 2005) ,
MG B BT, o AR s R v g N Az 3 Ep
FERRHRAR % R, 2 00 52 380 T 1 AR 7 1] 48 o )
SN, T s LT A SR P ARG B — D BT S
IR L P M % R (Ye et al., 1987; Ren et al.
2002) . LLI7Y Hb T FR D HE L — L AE i 2 SRS HhET
RN —Z 5N S, KA 2 fe I i 1)
— (Kl 1a)

KR 2 2 o K i A &,
TV v b K] AR R e R (SRR, 1981)
X Fakd, FEA ST MR-
VFERIIA 7t 1L AT 24 A5 0 2R ] W 24 R 28 - 1R
JEWT S0 P W (o T R4S, 1997) . SR U4t L
K, ZHHAHEIE SRR, WA N B — R Ak
LU e R 2 s, T R [ 4 b AR 358 | A6 A R
T3 AN KILHE(E IR 1996) , K [R] 7 4 45 35 2k
IR 30 )8 il (& 1b) , AP BT R 3
TR IE —1F R 24 R 0 AR X AP X, AR X E 2R
MpaAmE & PR L A, BRI T 0. 74 Ma;
PEIX F 8D R e % R, WL AR
T 0.4 Ma(GREEDE, 1986; BECHFEE, 1992; ALy
51992 MRS 20015 Xu et al. , 2005 ; %1
%, 2008; FhEEAESE, 2020), AN, KA & H
RIS K BEA R 2 A L, TRER A SOk H A
VR DX R 5 80 (R 1845, 2001; 4 v %,
2004; Xu et al. , 2005) . PEESE AL (B 1b) 7 T Bk
JE-VFRIT 2 I, SVREGIRIAS 8 & AR5 0. 22
~0.19 Ma( Z= R4, 1984) AW IERIRE S N R
2 (2019) RAEMMUIRTEIE AT SQS-02, 4 Ik ik

SR R B 2
2 A AHEERRE

PR LA R SQS-02 HK B A HUR A 1 |
SARME, SALA S 20%, BRARSGEH, BEA SR
2R 25% , FESRERLIN 55%, B £ B A ARE
141 (10% ) FHAT(10% ) T4 (5%) » HRRHEA
BEfhHE O FOEEE BB ARR, A AT WL AR 45
(B 2a), RiAR/NT 1 mm; BHE A B2 A
BRI A SEACIR, B —/NTF 1 mm (& 2b);
TS A BE SR 5 o AR 21 AR, R K2/
0.5 mm (&l 2b), EBTFELERNRK A (30%) H
BT (15% ) FIHIHE A7 (10%) DL J% /b B4k gk ik
Yy, RZ MG, RIEIE s A
BREREARY T AR RHS A R 22 1]

FE il b ke 9 R RS A 4 BE R OLel 1
OLe2( ¥ 2¢ 2d), OLel Kif2Z K 0.4 mm, BIE,
IR 31 R ELAG W ik ) B AT, AR TR 58 FE AR AN
)7 ) _EARARAR S, LA wm £ 100 um A5 (
2¢), AIRERMI AL L2 S e A KM N & D T
W%, OLe2 BifRZyM 0.5 mm, K AIE, HEEdw A
AW BT IR PR S AT 5], A
100 um (& 2d)

3 Tk

TOHS A 958 55 0 09 4k 2% B4 B T R A BT
(EMPA) 4kf% . EMPA WAFE B 4K 93 50 28 0 v
WFSE BT IRE JIC Rl 2 E R S g = e B, DR AR AL SR
HAHL T JOEL JXA-8100, Ft# 4 %1% (5B-92U)
F1 1 TBREFEIY (Oxford INCA X-sight, 5B-92U, REH4)
R 133eV@ MnKo ) , MBI R 15 KV, HLTEN
300 nA, Si Ti, Al Mg, Cr JC % Y U6 f 322 Wi 18]
10 s, Fe TZE K 30 s, Ca Mn Ni JTTE K 100 s, 55
FEMC RS [R] Ay D (B FZ M st [) ) — 2, il ok ZAF 32
HEFFAEIE . MAREE H AN 1 pum, FH 22K R
5 pm, PUECR FH BB A o EROR AR i 22 B 25
W] BB 53 B ZR 90 1) S s A o A 36 [ SPT 28 )
W AR OC 42 8 Fn e P in i, B 5 hm o 1 1 AR
XPIRZEANE L 3% , MONE A il B A 0 o8 3 7 1
Ji H AR AR A

T AOE A7 EL A o A A 45 1) S v OB
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Fig. 2 Back scaltered eleciron (BSE) images of Shenquansi basalt
a— R B IR G H 09 SARPE AT BE N 5 b MO RIRHC A8 E S o—MIOHE AT 35 T OLel s d—HIUME A1 145 i OLe2; Cpx—FibiiAT ;
Ol—THMAT 5 Pl=BHCAT s C ORI R A3 A A 400 385 A A% PRI PR AR B s Ao

a—clinopyroxene phenocryst showing sieve texture; b—olivine and plagioclase phenocrysts; c¢—olivine xenocryst OLel; d—olivine xenocryst OLe2;

Cpx—-clinopyroxene ; Ol—olivine; Pl—plagioclase; C (core) and R (rim) represent the spots of electron microprobe analysis on olivine xenocrysts

Fe-Mg JUZR 194)" R BCTE A [6) dt b 7 1) b A7 B 0 22
S, DRI VA B AU A () f % 7 7] ( Costa: and
Chakraborty, 2004; Dohemen et al. , 2007; Chakraborty,
2010) o ASAIFFE MRS A3 4385 9 i 1 0 4 D 1) e H
THUNATSS (EBSD) 2845, EBSD a7 H [ i i
P BEH TS I OR Bl A i 5 2 g 2 i R S A SR,
MRAALER AL S Quantad50, fb AR S A% J7 ) AH e S 8K
M Aztec BP0, XL T ERET SUAL (HIOBEA
TR FNAER ) BT AT R i, MAD /T 0.5 B, 332
AR T Il AR C S8, i DR DI RO 0 % R A
IR A TT 10— 3, Z )5 AT PRI ZR AT, £
R QN2 2L B 52 el 1 S e I A S e 6 18 b ks 7 1)
I T 14 75 1) 45 A% 7 1) B S A e R A Stereonet
9.5 133 ( Allmendinger et al. , 2011) ,

4 SRS

RS A7 45 /i OLel A1 OLe2 #% B H H0AY Fo
EHES L E, A3 97.7 F194.0(F£2 K 3), L& T

PR32 (2019) 1B A R =8 2 iAo A B0 1 A% 5B
BT (< 84) o MUHE A 4l 45 & d i1 3K Fo (B4 1A
69. 1 F168. 5, 5 =5 i A MG A 56 &l 14 31 5 B
SARRL(T0~75; ¥, 2019) . 1E OLel H1 Fo=97
K 0le2 H Fo=93 HZERIX I, CaO MnO F1 NiO 1Y
TEAREAR, A 0. 04% ~ 0. 34% 0. 05% ~
0.10%f1<0.01%; X 3 M T RKEMYN T HETE
i1 Fo<70 B9 3138 & AR w, 430 0. 39% ~
0.43% .0.43% ~0.46%F1 0. 09% ~0. 11%

RIS A AT e o0 U T T (T8 3) S, AR
FHR, OLel 1 OLe2 [ Fo {HIAZMWIFRAR, SRR
PSR« ok, 43 il BE B 1 84 40 um F1 60
wm B, Fo {E 50N A 5 AAZ 0 AH 24, 40 i B9 0
T2 20 pum 140 pum B, Fo {E-SA0HE A1 5E 15 AH
24 OLel B MnO A1 NiO 75 f5 MAAZ B 31 31 38 12 i 7+
=, M CaO S seHt i, 7B #4100 wm Al
80 wm AL 2 NIEAE , FESREAT, IR
20 pm ZERFER TFE . OLe2 9 MnO 2 A% 3B 2]
EBZEE TR, W ONIO ST, £ 40 pm &b
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Table 2 Compositions of olivine xenocrysts in Shenquansi basalt by EMPA
ki Si0, TiO, Al 0,4 FeO MnO MgO Ca0 Cr, 05 NiO Total Fo
ol 37.93 0. 06 0. 05 27.51 0.45 34.47 0.42 0. 00 0.09 100. 96 69. 1
37.68 0. 06 0.03 26. 80 0.44 34.27 0.40 - 0.09 99.78 69.5
38.17 0.03 0.05 24.70 0.39 36. 69 0.36 0.01 0.09 100. 48 72.6
37.96 0. 05 0. 05 24.39 0.38 36.32 0.37 0.01 0.09 99. 61 72.6
38.10 0.02 0.04 22.71 0.35 37.45 0.39 0.01 0.08 99. 14 74.6
38.62 0.02 0.04 20. 56 0.31 39.23 0.43 0.01 0.08 99.29 71.3
39.10 0.01 0.04 18.17 0.25 41.10 0.47 0.01 0.07 99.21 80. 1
39.22 0.01 0. 04 16. 14 0.23 42.46 0.52 0.01 0. 06 98. 67 82.4
39.68 0.03 0.04 14.32 0.20 43.79 0.58 0.02 0.05 98. 69 84.5
39.83 0.01 0.04 12.93 0.18 44. 84 0. 60 - 0.05 98. 48 86. 1
39.95 0.01 0.05 11.80 0.16 45.56 0.64 0.01 0.04 98.21 87.3
40.92 0.01 0.05 10. 95 0.15 47.82 0.67 0.01 0.03 100. 61 88.6
41.00 0.02 0.06 10. 45 0.15 48.04 0.75 0.01 0.03 100. 49 89.1
41.30 0.01 0.04 9.86 0.14 48.79 0.69 0.01 0.03 100. 85 89.8
41.54 0.03 0.20 9.14 0.13 49.12 0.87 - 0.02 101. 04 90. 6
OlLel 40. 83 0.02 0.34 8.45 0.12 49.79 0.88 0.00 0.02 100. 45 91.3
41.49 0.01 0.05 7.88 0.11 49.61 0.85 0.00 0.02 100. 01 91.8
41.09 0.01 0.07 7.01 0.11 49.98 0.79 7] 0.02 99. 06 92.7
41.38 0.01 0. 05 6.70 0.10 51. 64 0.57 0. 00 0.01 100. 46 93.2
41.64 0.02 0.05 6.04 0.09 52.18 0.59 0.01 0.01 100. 64 93.9
41.50 - 0.04 5.63 0.09 52.18 0.70 0.01 0.01 100. 16 94.3
41.70 0.03 0.08 5.10 0.08 52.52 0.71 0.00 0.01 100. 23 94.8
41.80 0.01 0. 06 4.62 0.07 53.26 0.42 0.01 0.01 100. 25 95.4
41.75 0.02 0.18 4.30 0.07 53.11 0.38 0.01 0.01 99. 82 95.7
42.26 0.01 0.03 3.76 0.06 54.22 0.29 0.01 0.01 100. 64 96.3
41.92 0.02 0.08 3.69 0.06 53.80 0.31 - 0.01 99. 88 96.3
41.78 0.02 0.22 3.51 0.07 53.77 0.28 0.12 0.01 99.77 96.5
41.59 0.01 0.05 3.20 0. 06 53.65 0.32 - 0.01 98. 88 96.8
42.15 0.05 0.05 3.14 0. 06 54.24 0.29 - 0.01 99.98 96.9
41.91 0. 04 0. 06 2.66 0.05 54.51 0.33 0. 00 0. 00 99. 56 97.3
42.14 0.01 0.05 2.60 0. 05 54.50 0.34 0.01 0.01 99.70 97.4
42.01 0.01 0.03 2.57 0. 05 54.57 0.21 - 0.01 99. 46 97.4
¥ 42.15 - 0.02 2.25 0.05 54. 47 0.11 - 0.00 99. 04 97.7
ol 37.73 0.08 0. 05 27.97 0.46 34.11 0.43 0. 00 0.09 100. 92 68.5
37.36 0.07 0.04 27.65 0.44 33.64 0.42 - 0.10 99.73 68. 4
37.44 0. 06 0.04 27.29 0.45 33.99 0.40 - 0.11 99.78 68.9
37.62 0. 04 0.03 26.77 0.43 34.73 0.39 - 0.11 100. 13 69.8
37.62 0. 05 0. 05 25.78 0.40 35.21 0.36 0.01 0.13 99. 61 70.9
37.73 0.04 0.06 25.58 0.39 35.24 0.36 0.01 0.13 99.53 71.1
37.81 0.04 0.03 25.10 0.39 35.82 0.34 0.01 0.13 99. 66 71.8
37.87 0.02 0.03 24.22 0.37 36.47 0.34 0.01 0.13 99.45 72.9
38. 14 0.03 0.04 23.19 0.34 37.27 0.34 0.03 0.14 99.51 74.1
Ole2 38.47 0.02 0.04 22.07 0.32 38.31 0.36 0.02 0.12 99.72 75.6
38.77 0.01 0.04 19.55 0.27 40.07 0.41 0.01 0.12 99.25 78.5
39.09 0.03 0.07 17.57 0.24 41.47 0.50 0.02 0.10 99. 08 80.8
39.83 0.03 0.04 16. 18 0.22 43.57 0.53 0.03 0.08 100. 51 82.8
40.21 0.01 0.06 14.70 0.21 45.09 0.59 0.00 0.05 100. 92 84.5
40. 38 0.01 0.02 13.90 0.20 45.29 0.45 0.00 0.05 100. 31 85.3
40. 83 0. 00 0.02 12.52 0.17 46. 35 0.48 - 0.04 100. 41 86.8
40.72 0.02 0.04 12. 04 0.16 46. 67 0.54 0.01 0.03 100. 23 87.4
40. 47 0.02 0.07 11.47 0.16 47.23 0. 68 0.01 0.02 100. 14 88.0
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Continued Table 1
B Si0, TiO, AL 0, FeO MnO MgO Ca0 Cr, 0y NiO Total Fo
40.70 0.01 0.09 9.78 0.13 49.21 0.49 - 0.01 100. 42 90.0
40. 89 0.01 0.05 8.75 0.13 50.33 0.43 - 0.01 100. 59 91.1
41.18 0.01 0.02 8.06 0.12 50. 67 0.31 0.01 0.01 100. 38 91.8
41.18 0.02 0.02 7.55 0.11 51.19 0.27 0.00 0.01 100. 34 92.4
41.40 0. 00 0.02 7.21 0.11 51.51 0.20 0.01 0.01 100. 47 92.7
41.45 - 0.01 7.09 0. 10 51.67 0.16 - 0.01 100. 49 92.9
41.32 - 0.03 6.91 0.10 51.59 0.13 0.01 0.00 100. 10 93.0
Ole2 41.36 - 0.02 6.77 0.09 51.82 0.10 - 0.01 100. 17 93.2
41.53 0.01 0.02 6.75 0.09 51.90 0.08 - 0.01 100. 37 93.2
41.52 0. 00 0.02 6.60 0. 10 52.14 0.06 0.01 0. 00 100. 45 93.4
41.38 - 0.02 6.60 0.09 51.96 0.05 - 0.00 100. 10 93.4
41.43 - 0.01 6.49 0.09 51.91 0.06 0.01 0.00 100. 02 93.4
41.51 0.01 0.01 6.49 0.09 51.89 0.04 0.02 0.01 100. 06 93.4
41.49 0. 00 0.01 6.39 0.09 52.13 0.04 0.01 0. 00 100. 16 93.6
% 41. 56 0.00 0.01 5.94 0.08 52.05 0.04 0.00 0.00 99. 67 94.0
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Fig. 3 Compositional profile of olivine xenocrysts in Shenquansi basalt( data of olivine phenocrysts are from Chen Ling, 2019

for comparison)
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e T B 75 P8 B 2 2 5 SR Fe-Mig
5 e i, MR B B SR A S R

5.1 BREHEEBEAKRIE

ANTRI SRR 40 it A B R 1y o ) RUBE A7 AR
BV E SRR I 5] 258, A SCHIEE A RIS A1 4l
PERRAZ IR Fo (L & T W] — % A TP A1 368 A
i) Fo (B, REIEANZAIRRYHHE . SR, X LEH]
R 95 A AZ AR Y Fo (B & T — B R 41 1Y
Fo {H(88~93; Plechov et al. , 2018) , R E 5L
% I SN A R R B T HE

AT 95 T OLel R%EFHY Fo (EL T 97, 4
2K | A] B FR A AR & BE M A (extremely magnesian
olivine, Fo>96; Plechov et al. , 2018) ., &= BEMAE
ATERBRIE N0 KA Th A ol , RECHLUT
JURP RN . O B A (black olivine) , #F WF k1l
BUA N 1 52 AL A A TP, Fo {E 5 i AT 3k 99. 8
( Sigurdsson and Brown, 1970; Carmichael et al. ,
1996; Garcia et al. , 2000; Blondes et al. , 2012 Del
Moro et al. , 2013) ; @ K EH T EILRBEEKY T 188
B A AT, Fo (EfmE ik 97.5(Xu el al.
2009; Huang et al. , 2014; Yang et al. , 2015; Xiong
et al. , 2015; Plechov et al. , 2018) ; @ K& TR
RIS - RERRER K LA T, Fo (E R E ATk 99.5
(Treiman and Essene, 1984; Fulignati et al. , 2000;
Panina et al. , 2003 ; Guzmics et al. , 2011; Plechov et
al. , 2017) ; @ K& TWRA8RBURHEE T, Fo
{8 #5 /= 7 3K 99. 8 ( Zharikov, 1970; Wenzel et al.
2002; Di Rocco et al. , 20123 Nekrylov et al. , 2021) ;
® K& TR LA T, Fo {H R =l ik
97. 8(Ishimaru and Arai, 2011; Zhang et al. , 2017)

WA BT, Fe 3B Fe' | Fe' 1R
MEFFAE THINE A7 d s tP TR PRI 3R A ) RGOS
AEA B EL Fo ﬁ(Blondes et al. , 2012; Del
Moro et al. , 2013) , T2 ALAT B9 5 2 M) A fig
e MHIOHAT A b 2B, X R A7 KB
RPN SFE Y 5, TR ERER K
BN BB A ( Moseley, 1984 ; Banfield et
al. , 1990; Deer et al. , 1992; Ashworth and Cham-
bers, 2000; Blondes et al. , 2012; Plechov ei al. ,
2018) o R, A YHIE ST B RO A7 4 95 S b ORI
RE TR W50, HIAS 45 & 5 d & A i
7/

W0 5 A i RO A (58 AT BE AR A Y Fo {E
(Huang et al. , 2014) , SR, X SEH & SR A
— AR, BT N0 S R AR, —
BT 0.5%, Fem il ikY) 1. 4% (B 4; Xu et al.
2009; Yang et al., 2015; Xiong et al. , 2015; Ple-
chov et al. , 2018) , SR, AU (0 AOHE A 4T 9
AR R B AR NiO SR AR, R 0~0.01%, S5i%
TG BT o

U BRIRE AR G I R P, Al i i
MR R B IR IR L M RE PR Eh v 0%, i Al BB 7= 4k
W& BE MO £ ( Treiman and Essene, 1984; Rosatelli
et al. , 2000; Wenzel et al., 2002; Soblev et al.
2009, 2015; Guzmics et al. , 2011; Plechov et al. ,
2017) , R Rl 26 i in A 23 fff e AR 15 T S 44k
LA BE e 11K, MO [ 7 A o ) SO o 23
AU WAL RS . D 3 Fe,Sio,(BRMIMEAT) +0,
=\ FCSO4<E§§!§§@L) +3 S5i0,; @ 4 F625i04(%§ﬁ&*ﬂ'€
1) +S,=2 Fe,0,(REEEH") +2 FeS(HEHE ) +
4 Si0,, MIMEFRHFR AR BB AT Fo (ETH (Treiman
and Essene, 1984) , SR, #8500k R = H WIS A1
MnO & EAEH &, @1 1%, £E2ET 2% (K 4;
Treiman and Essene, 1984; Guzmics et al. , 2011),
HIATMRGERAST; 55— FR 0 Hioss 4 W s
HAK CaO . MnO  NiO [JH#1E ( Rosatelli et al. , 20005
Yao et al. , 2021) , SRIMESEHIBE£1 4 7 A A0 B
WRIRER RS WA, IR AEM IR X A
FEARMELH

PR e s ORI TP B & BRI 40 LT
AT NIO Fll Cr, 04, HEATE CaO F1 MnO 7221k
FEEIARSE, 43318 0.01% ~0. 26 F1 0. 02% ~0. 53%
(Nekrylov et al. , 2021) , JUEH TR R A ol kE
Jor R B v o BRI A7 1) 105 A U 5 RO RO
A AR AZ S R 43 AR ARl ( Wenzel et al. , 2002;
Di Rocco et al. , 2012; Nekrylov et al. , 2021) , {H /&
FIEFIWEE XA DL B Ak R #h DU M2, i HLIX.
PR R T 28 R R 4 T 2 SR TE TR, k= 00 oo )2
(ETIRREEE, 1996) , TREBULAN 234 A H 58 O Ik R £6
HZ, Pz R IR AR - A AT fE

e BEMOS 41 7] & T Bl S AR i RS
P T LS A A A A RS A [
A b so o s 1A KFEIZRRIZY 120 km ARA



528 oAU W o &K 55 41 4
1.4 1.2
]
L ]
12 1ot -
1.0} - ®
o 0.8
= osf &
= a S o06f
Z 06f 5, =pd <
;' . .;l =
T RO o 04t
0.4 e e e L% .
] " e e
[] ;0 L +* Q'.‘g 0.2
| R e R o' _
L]
) — —#ne — -- Qé;.o"}\’o‘,‘i&:;— . (
90 92 94 96 98 100 90 92
v(Fo)/%
25
+ * “
20k b v i i B B . £
R et
£ 15} R
=
s * o BRI
= |0F e e .
. @ BNy A R IR R
R A
o & BB ERRRL SE-TEE L g
05+ . X e
L] 1 ily
ed o 0 e ", o RRIARAL I P R HE
ey iy AR L |
y @) §yue nniw’_-m ARFARERW LT PEROREN
90 92 94 96 98 100 o
x(Fo)/% @ HURTEZEE (A0

B4 plt SF ol A BORE A it a0 5 AN TR 44 3 PR BT T i Aa 13 i X 1
Fig. 4 Compositions of olivine xenocrysts in Shenquansi basalt, compared with olivine from various tectonic environments
AEb v 1 AR A RS 5 B Lin et al. (2010, 2011) , Tang et al. (2007, 2014) , Zhao et al. (2015) , Hu et al. (2019) ; Bl A%
P55 H Sobolev et al. (2007) ; & B 1 80E #ET A A BHES| H Mondal ef al. (2006) , Yang et al. (2015) , Xiong et al. (2015) , Plechov et
al. (2018) ; # E AL AYHINE A1 50551 A Carmichael et al. (1996) , Garcia et al. (2000) , Cortés et al. (2006) , Blondes et al. (2012) , Del Moro et
al. (2013) , Ejima et al. (2017) ; Py FA 80k R BAZAE S| A Di Roceo et al. (2012), Plechov et al. (2018) , Nekrylov et al. (2021) ; f%
iR A B R R EL — A R L K 1L A K45 51 A Treiman and Essene (1984) , Rosatelli et al. (2000), Wenzel et al. (2002), Panina et al. (2003) ,
Guzmics et al. (2011), Yao et al. (2021) ; BRERELAL I HEDS MM A EAEE] A Gervasoni et al. (2017), He et al. (2020) , JE1 152X HME M
AR EIET | H Zhang et al. (2017)
data for mantle peridotite xenoliths in the North China Craton are from Liu et al. (2010, 2011), Tang et al. (2007, 2014), Zhao et al. (2015) and
Hu et al. (2019) ; data for komatiites are from Sobolev et al. (2007) ; data for chromitites and chromite-rich rocks are from Mondal et al. (2006) ,
(2015), Xiong et al. (2015) and Plechov et al. (2018) ; data for oxidized olivines are from Carmichael et al. (1996), Garcia et al.
(2000), Cortés et al. (2006), Blondes et al. (2012), Del Moro et al. (2013) and Ejima et al. (2017) ; data for magnesian skarns and silicate

Yang et al.
marbles are from Di Rocco et al. (2012), Plechov et al. (2018) and Nekrylov et al. (2021) ; data for carbonitites and carbonate-silicate rocks are
from Treiman and Essene (1984), Rosatelli et al. (2000), Wenzel et al. (2002) , Panina et al. (2003), Guzmics et al. (2011) and Yao et al.
(2021) ; data for carbonate metasomatic mantle xenoliths are from Gervasoni et al. (2017) and He et al. (2020) ; data for Longmengou metasomatic

mantle peridotite xenoliths are from Zhang et al. (2017)

AEARTE T T VA RO M 2 rh A i, X S A
(Fo fHf ik 97. 8) W B K CaO ( <0. 48%) Ik
NiO( <0. 08% , KZALTFHEMBR) I MnO(<0. 52%)
FIHFAE (Zhang et al. , 2017) , ARG H AR A1 fil
B o 5 ZAHFT . Zhang 55 (2017) AR, X
SERIRE R ARER T Dy R A S B I
PR AT HT Mg, RS A B Fo (AR NiO % 2 1 4%

ﬁ%ﬂ@%F%*ﬁ%Mg%ﬁHﬁ%%%ﬁ@@
Y, R ARGEA hy 2 v e LA R B Y ol T
AR L AR B 4 Rl e AR B (Xu et al., 2010a,
2010b) , UL, AR YRAIF ST Hh 0 RS 1 i 485 0 7 12 R
HuE A
5.2 ARFHEFER

BRems T 141, BT Fe-Mg JTCRRIY BH A
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ZUREE JE IR (5200 ( Costa and Chakraborty ,
2004 ; Dohemen et al. , 2007; Chakraborty, 2010) , X
TFAHREE , A SCRHBEFS (2019 ) a1 o 41 BE & - 1A
ST TRAS R AR SR A R R FIR B kIX
SEHONE AT 3 A 0 A IR 290 1 200°C
XHF ST, ARSCR FHFRES (2019 ) 38 1o B A1 B iy
— R ST H R R IR S e IR K Y SR
F-EIZY0 700 MPa, % Hs I (AT AR [ M X4 F-
Py e 7 (SR TR EE29°h 40 km; He et al.
2014; Zhang et al. , 2016) , X FHEIRE, #RF X
B PR A B Fe™/Fe™ (K24 0.2~0. 6
(FR¥, 2019), MRYE HL R A1 A IR 3T ( Cortés e
al. , 2006) 754G H P SF 2R BTUA IR Y AR -
Y2570 QFM+2 (QFM A £ & — BRI A7 - B Bk 4R
WREGER]) |, ZAEW T R LLAEZY 100 km 4B 1Y
DUAIUHTAE R E R AR R FE (QFM+2. 775 5K
RMISE, 1994) o feZ, WA IHIE M Fe-Mg JLRY
FICESF ] ) RE A2 48038 528 DIPRA ( DIffusion PRocess A-
nalysis ) #X{f:( Girona and Costa, 2013) 73}, Olel Ay
PHO [E] 131 d, OLe2 M4 BLAF IR A 263 d ([
5). HNETSCRTIR, PRBUEORE AR S AR B T A A
FEL i, Xu 45 (2005) AR 478 2 50 i L o0 3R AE
Sr-Nd [FI37 Z2 4k 0 K [R] P B 20 7 5 X TR B 2

0°

Fo

1807

2707 90°

il i £
180°

K 65 ke, A 2B AR X R I b 2 B
KAHEH 75 km, FZE it 80 km(Xu et al. , 2005)
T A b L R T S S0 0) T 3G B, R[] Ay e g 8
255 40~70 km( Guo et al. , 2016) , R, 5% 75 64
PEZCR A 1 5 DR BE AR AT BB T 55 A1 Pl b e 1) Jc IR
Ab (~70 km) , B AT HBS F 45 A 7R A K TR iE
PR . (B PR S AR it 1 O, R NS 4 7 e
A B g e R AL (70 km) B iR AL (40 km ) AR,
WAL LAAS 5 7 34 1 TR 15 LR 0. 001 8 ~
0.006 2 m/s( M4 T 152~534 m/d), SHAMEE
FITME % 3 A 3K > 0. 001 m/s (734 b T R
—3((# 1; Sparks and Walker, 1977; Wanamaker
et al. , 1990; Harangi et al. , 2013; Hayes et al. ,
2018) .
5.3 ERHKIZRS

T TR SRS A el A 0 B EL A ALY Fo {H
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Fig. 5 Crystal plane equal angle projections, Fo profiles and Fe-Mg diffusion modelling results of the Shenquansi olivine xenocrysts
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Fig. 6 Schematic model of the magma plumbing system

beneath Shenquansi volcano, and the forming process of

the complex zonations of the olivine xenocysts
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