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Timing of the Hangaoshan Group and Xiaoliangling Formation in the Liiliang
area, North China: Constraints from zircon U-Pb ages of volcanic rocks
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Abstract: Exposed in the Liiliang area, North China, the Hangaoshan Group is dominated by terrigenous clastic
deposits and bear an ideal candidate section for the stratotype of the lower Mesoproterozoic or upper Paleoproterozoic
sequence, especially for the boundary between them. The determination of formation age is of great significance for
understanding the Precambrian geological evolution of the North China Craton, such as emergence of the initial cover

sequence of the craton, assembling and breakup of the Nuna supercontinent. To date, there are still great contro-
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versies on the age, subdivision, correlation and geological implication of the Hangaoshan Group. In this study, zircon
U-Pb isotopes of the andesites from the Hangaoshan Group have been analyzed with SHRIMP technique, giving a
weighted mean *”Ph/*®Pb age of 1 769+9 Ma ( 2¢) . This is the first direct measurement of the zircon U-Pb age of
the Hangaoshan Group. In addition, weighted mean *’Pb/**Pb zircon ages of the volcanic rocks in three different
parts of the Xiaoliangling Formation of the same stratohorizon are 1 792+18 Ma, 1 773+19 Ma and 1 778+20 Ma, re-
spectively, which are consistent with the age of Hangaoshan Group within the error range. Therefore, the ages of the
Hangaoshan Group and Xiaoliangling Formation are determined at 1 769+9 Ma and 1 792 ~ 1 773 Ma, respectively.
In combination with previous research results, formation time of the Hangaoshan Group and Xiaoliangling Formation is
ca. 1780 Ma. As regards sedimentology, the section strata of the Hangaoshan Group in Liiliang Mts area are continu-
ous, and a horizon of andesite is stably and widly distributed in the region. So the horizon is an excellent regional
isochronous marker in the central and southern part of the North China Craton. Furthermore, rift deposits and volca-
nic rocks in this period occur in the western Yangtze Block, the northwestern Laurentia, northern Australia, the Sdo
Francisco, Congo and Siberian cratons, and all can be well correlated, showing the global distribution of intraconti-
nental rift sediments during initial breakup of Nuna supercontinent in the same period. We propose here that the
international Mesoproterozoic bottom boundary should be moved down, from 1.6 Ga to 1.8 Ga, and the Hangaoshan
section can be used as a new candidate stratigraphic type section of the international Mesoproterozoic bottom boundary.
Key words: Hangaoshan Group; Xiaoliangling Formation; volcanic rocks; SHRIMP; zircon U-Pb age; bottom
boundary of the Mesoproterozoic
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Fig. 1

Geological sketch map of the Liiliang area(a) , Hangaoshan(b)and Baijiatan(c) ( Geological Survey of Shanxi

Province, 2020)®
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Fig. 2 Stratotype sections of the Hangaoshan Group in Liujiagou, Lin County(a) and the Xiaoliangling Formation

in Baijiatan, Loufan County(b) of Shanxi Province
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Fig. 3 Sedimentary facies of Hangaoshan Group
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a—collapse breccia, the weathered gravel is emphasized ; b—debris flow; ¢—conglomerate in alluvial fans and braided river; d—overflow sandstone;

e—purplish shale in forefan lake facies; f—the diabase dyke intrudes into the lake facies purplish shale; g—andesite bedding between the bottom con-

glomerate and above shale; h—the Hangaoshan Group is unconformable on the muscovite schist metamorphic series of Hejiawan Formation of Jiehekou

Group

FEMES AR B B, A R 2 K AR - A
R, K22k 2, Kil—8h 100 ~150 pm, B
WACEE (B 6) s & E WL AR s34, BA
AR B LVRE (Williams, 1998)
2.2 INFIEARLE
ANPRUE L RE R LU P A8 R D T 2 J B 1 SN
ST (B 2b) o 2 /N 04 20 S AR R G E
], [ARMUR, BERRAERNESE S, JE 493
m, FfEfh 08B-12 SR F # 0 (PR R 1L 411X
3m &S, HEE (N37°56", E111°58") ;
HERAE AL 08B-11 SNedl s, 08B-10 I,
FEG 08B-12(Z 11155 ) B 5arta, HERRE5 ),

AR, B BT YR A A (1%),
AL A 7 A AR AN AL, R T WA A
BB, B EEARK A (30% ~ 38%) | B I T
(45%) JiffAr (10%) FEERA™ (1% ~2% ) A4k
(2 5%, W5 M5 fdAn 586 A% ) (ES), nf
DR (PR FIRHE A 1] =2 1 ] 4R 58 21
g5k, BiaamiREN EE e, BRAR-EAR,
KIEZH 1~2, Kil—#k 100~ 180 pm, B A
HEMG SR e A R F B A ACIR A, SRR
S HIERE (B 6)

FEih 08B-10 (% 1l A ) HBRIRE5 1, AR
i, ok, FE AR G BB B R



200 H oA 0 W o & Fak

Kl 4 /NP B ANE K IR
Fig. 4 Representative field photographs of Xiaoliangling Formation
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a—the unconformity boundary between Cambrian Huoshan sandstone and Xiaoliangling Formation; b—Dbasalt-andesite; c—dacite; d—congolmetrate
and pebbly sandstone in edge beach; e—soft sediment deformation structures triggered by the paleo-earthquakes; f—2.2 Ga Baijiatan granite gneiss

of Liiliang Group
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Fig. 5 Microphotographs showing petrographic features of volcanic rocks from Hangaoshan Group and Xiaoliangling
Formation in the Liiliang area
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a—andesite of Hangaoshan Group (08H-03) ; b—andesite of Xiaoliangling Formation(08B-10) ; c—dacite of Xiaoliangling Formation(08B-11) ;
d—andesite of Xiaoliangling Formation(08B-12) ; Bt—biotite; Pl—plagioclase; Qtz—quartz
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Fig. 7 SHRIMP U-Pb concordia diagrams of zircons in volcanic rocks from Hangaoshan Group and Xiaoliangling Formation
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Btk bl WUBOIR ZaARA S, SR DL AR 3
IR Z (LIPS H e 7= Jm, 1989) . ATARAESE
INHREH R N T KR 2 =72 2B 5L (Zhao et
al. , 2002, 2004; B KF-5, 2015) , EEHHFIEHR
T AL IR AT YA AR 22 40 A S DURR LA R ek A2
RS R EATA T THE R GRG0 5
(FRFEMAE, 2008) o BB -TR08 = LA ERE A4
SRR RO, ABIE AER, & T E PR E
ZRo wR R E TG,

151 b iz ] ki N 2445400 46 DORRIN AN ok
Al e b e B R TR 36 )2 LU IR I, 4%+ Hb v
P RZLIEE (= B RLL 1L X)) IHR & ) TR 2H LA
WEDURUN b AR5 7T BE A )3 i B kA
P, HARHC A N A B8 4 U-Ph IR 5 AR — 3
LRI 1A AR 1722219 Ma FIITJE 1 71124 Ma (1)
W2 K1 A ( Zhao and Zhou, 2011; #H414%, 2012)
BRGE KL I BT R RECh 1 722 Ma, =
T 2R 1 St DR A R 0 1] 2 38 g 08 1) 3 22 2 L,
AT o B R A6 5 e b B Bk I CE TURRUF 91 0 8
RN RE IS S RURLAD S 4 75 FETURRAR RURE S i 0 2
()RR AR RHAE 22— B P AR A SRR s
HAC T bR b A8 AR IVRE T SR BE M e B A1
U-Pb 4E#% 4 1 742 13 Ma (Zhao et ol. , 2010) ,iH
LU N EREEIK A 134T U-Pb 4RI 1 74414 Ma
(BKTTHEAE, 2017) , RUIRLLILHE 2R )R A 42 4
TP R SR T 1 750 Ma 4511
2 (Zhao et al. , 2010; Bk H4E, 2019; Lu et al. ,
2020) ,

MAERMEFR , Nuna #KFETE 1 800 Ma JE
J&, XA TR A 1Y 55 2 B TURVRREXT A
A4 L, M\ Nuna 8RB 248 <R 1 £ B2 20 7,
A FEARBE I ~ 1. 80 Ga ELFFURTE BLHEA HH 24
AL A 244 Z M FE 254 (Payne et al. , 2009; Bk
JCHEAF, 2019) , AR 43 ity B E AR e 7 o B
BON R AEIT ()47 B (Rogers and Santosh, 2002;
Zhao et al. , 2002; Zhang et al. , 2012 ; Pisarevsky et
al. , 2014; Pehrsson et al. , 2016) , 54 Fii P8 ma 58
Y32 [ P R 0 Mojave 44 B9 Vishnu JTFLZ Hb = %
W RS R B T T S 2, DA 1. 79 ~
1.74 Ga ( Holland et al., 2018) S VE AL EP Y
Wernecke-Hornby Bay-Athabasca 7 L JiC 355 FH 7 it AH
DURR A TR 8 5 2 B, DURRUT 81 DRSS LA Ak ot e
J& R gk R T BUBOR Y ] E B AR A, i

ST B IE S RESE, 45 Hb UTAR 1208 B T 3 AH |
W TEAEHEAE (Kerans et al. , 1981), Zh M ff
JEAE /R AR IGVIAZAE 1 750~ 1 740 Ma ( Rainbird et
al. , 2006, 2007 ; Rainbird and Davis, 2007 ; Furlan-
etto et al. , 2016; Verbaas et al. , 2018) . K F| .
JLES S HLE K H 1 790 ~ 1 740 Ma fY Leichhardt %
Hu, BEESR S BRED S, 10 b R H A JE B (cross-
and trough-bedding ) i¥ 47 Fe s A A b Y T i AH 22
RIS, T ZRAZ, Argylla ZHERPE K 1L
R 1 760 ~1 780 Ma (Jackson et al. , 2000;
Southgate et al. , 2000; Neumann et al. , 2006, 2009 ;
Betts and Giles, 2006; Betts et al. , 2008, 2016; Gib-
son et al., 2012, 2018, 2020; Withnall & Hutton,
2013) ., FEEEVEE I ZPHIRl (Sao Francisco) T4
P DA 36 3 22 PO SR 2 0TS 57 91 ] g AR iR
WSS o F, Hh B K E AR R 1 7753 ~
1 724+5 Ma (Turpin et al. , 1988 ; Danderfer et al. ,
2009, 2015: Lobato et al. , 2015) , $§78i% %3 i f &
AR B A 1. 77 Ga (Alkmim and Martins-Neto,
2012) , AFYHNIZR FEHLIE A Chela 12 600 m (Y
AR A SRR K IS DU Bk Fl /D SRR Eh
JJZULAL, Chela FE PRt —IRME KILEA 4R 6 1790
+17 Ma #8785 HUTRBL (Mccourt et al. , 2004) .
Hi b ] BAHAL Y 248 TURRTE 47 1 Bl R L 5748 Kk v
JEHES R A AL e 5% L PE 25 22 P IR (Sao
Francisco) Sg4i i 3EUH MR ve iz il K pu{a A 0 e dir
AT AT, /R RT3 H Columbia (Naun) i
R I ) s L ik 5 | FEC 4 ol P SR 4 AR ML )22 1) 4 BR i B
flFl Bt (A4, 2019), M 1.8~1.7 Ga #LHbIY
KREBH, %O BCA B ) HZEHh 5=F f & 7E Nuna
RS Bl B 46 2L I — R A 2 (BK
JLAERE, 2019)
5.3 NSWBEEARITERKFFERIRENX
AT AAT 1 A U B U B L e LR/ o 0y
HITE AL 0 1 780 Ma, F4hA BAT RI/NFILS
ZHFNAE HHE AR IR E (F7 55 K45, 1983, 2014; &
K-, 2004; #AMEE, 2007, 2008; Yang et al. ,
2019) , FEZARDUELIAE /)N 06 2H 0 A8 EL (4 1 Jl it
A1 780 Ma, HAFRE Y H 2  UEAFIRAIRIT
A FE PR =2 51 208 ooty SR FHFE IR E
1 600 Ma ( Gradstein et al. , 2004), 1 800~1 600 Ma
Y Statherian ( [H%5 %) by ooty A& THEB I — &,
PIsahril b AR IE, 1 600 ~1 400 Ma [ Calymmian
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(WZFR) RPN R, a1 S22
( Gradstein et al. , 2004; Van Kranendonk, 2012 ),
I e ST 9 [ P ) b el B 1650 Ma R JiE Bt
(FELL5E4E, 2013)  (H E PR )2 2 512080 Y 42 BRI
FER L b AR AR R 43 U SR AT 17. 8 {CAFAE
b/ H el AR A BRAE RS (Van Kranendonk , 2012;
Gradstein et al. , 2012) ., Van Kranendonk 5% (2008) .
Van Kranendonk (2012) 48 H 24 fif [ Fr = 25 b oo
AR Tt A FEBRAERS 1 600 Ma ANRE S LR
Nuna i P IE B 2 B F R 4E 08 (Ogg et al. |
2008) ., SZPR F, Gradstein 25 (2004) 4% 4 Al
Nuna 8 KR B 3 AR 25 AR S bt il AR
SRS, B 1 800 Ma, 2012 4R PR 2 5l 4
TR FAER B ER (The Geological Time Scale
2012, Gradstein et al. , 2012) , % Z LA ER S
PE AL, LA Nuna 88 Kl 898 580 R 5t 444
PR, EEARGRAL Y OUR i U B, 8 oT ol iR AR
fe RS m 1600 Ma FHLE] T 1 780 Ma ( Van
Kranendonk , 2012; 75 3C1#, 2014) , FeE AL oC
RT3 FAE L bR TAEh — R0 1 800
Ma, i [ Pr)Z 3] 7377 % A 1 600 Ma( F i,

1986, 1999; FE¥A%E, 1992; Wang Hongzhen and Mo
Xuanxue, 1995; Wang Hongzhen et al. , 1997; Van
Kranendonk, 2012; F#FJLAE, 2014), 2021 4F, [
Prth )2 2= 51 25 1R 30 A 1Y [ ol JZ= AR A0SR, 08
1 600 Ma 1E K H ot B 1R FHAE IR (hitp 2/ www.
stratigraphy. org/1CSchart/ ChronostratChart2021-07. pdf) ,
AR A o (UR SR I BT 1800 Ma (E
FEILAR, 2014) o AR, FRIE N A9 b R 4E R AR E S
[ bRty ZAEAUERA — 2, Hib P A B RS
i ERYAE GBRF4E, 2015) .

B 3z Bl AL SORLIE 45 & RR IR R O8N AR
TR - A, 3 M T SR B Bz B4

SRR, Rt o el AR B )R B BT 18 42 4R
GBREAE, 2019) o BT I /NP 21
L RV A0 B A e BB AT BT [R]— 4 3 2R
S5, BAE TRl BRI iR, i R T iR
Ry A AN DU LR SR AT R AR DO, 2
Jei L, ARt v hr E R Y BB IS Y RE HRE
Jailiy, 7E BB s L RE /NP 21 015G 1
Skilve (K8), JFSRERE—F, BT AR~
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Fig. 8 Comparisons of Xiaoliangling Formation, Hangaoshan Group in Liiliang area and Xiong’er Group in West Henan Province
and the ages of their volcanic rocks (after Qiao Xiufu et al. , 2014)
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A A A BRATAR M2 AL 3 1 4 BR B 2 A Ih
FZH 5 (GSSP) JESE 1Y, 17 A FE 2 FR AT 8 A R
FRAKT AT W5 A Ay 42 BRAR M b2 4T % ( GSSA ) (Grad-
stein et al. , 2004 ) ,

& 9 HEFE BghAEdL LA 1 800~ 1 400 Ma L2

Wk EEAERMES Z A ERN (FF K%,
2014) , ADIAIAERSIE S, 1 800 Ma AT & LLEE /N
PIUA 20 | RE ELBE IR A (IR 75 R 4F, 1983,
2014; B K%, 2004; 14 5 M %, 2007; Yang et
al. , 2019) ; 1750 Ma(®&X K45, 2004) Ay e HRE T A
AERE BRI SR /NP 45 T LR TR A %
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Fig. 9 Chronostratigraphic time scale during 1 800~ 1 400 Ma in North China Craton (after Qiao Xiufu et al. , 2014)
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Ma S&Hedb s hvid L0 [ 45 5 24 0 (B E AR,
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HRE DU LB A ZN T S 2] A DT AR il s, i
RS B AR I - i B R 2 ) A W i ) i s
o, ATOAEES L & 552 DO,

WeHE ER I AT R AR R L L

LBk CHREA RER , Nuna #8 R 9 54 52 AT LA
YER et AR5 B, i ool AR 8 JF 4R LA Nuna
KB R U 2R AR, 1 800 Ma JifEdUIE p 3k
AR e hil , 552 T HRARES TR, X
FERYTE , b R ool AC RLDTRR R 3 i e ik
FLHGREEAE (LA SRR DU L BE /NS 2 A
W B R G, SEHONE LA REERE NPIA A
e oo AR A R A W (I F RE,
2014), 1 800 Ma W AT 4 A v oo i AR A9 IS AL AR 0%
r ] 2R I 20 B IR KR Y el IR B AR
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1 800 Ma 5 Nuna # KR & H MW &, 156 EER
W2 Z GRS . ASHIF ST A 4536 nT A3k i 5k 9 A
S | ] ARSI E i H 5 g R S T SE a4
I 2TT 5 AR AR I AR, B A] i et s
AL AR AR AR 2 SR

(1) DE 2 A e A U-Ph 4R34
1 769+9 Ma, FRE 7 3UE ILEFAIETICLIR 1 770 Ma,
/NI ZH L ) T T (BEFE R R B INHAL 3 m
ZiAT) AR 1 77820 Ma £5A U-Pb 4E i 7 b
HBIRIFAY S U-Ph 4 1 77319 Ma 551 792+18
Ma, FRE T/NPRISAH BB 1 792~1 773 Ma, 7£
DU LA TR L 5 B RS 1 7699 Ma 4RI A,
HESE T H S /NS 4 K s R

(2) RIEASCH I AERAIT TR S5 3, DU IR
FUNPIAZH S L8 T 1 800 Ma 25 H), HS5CH
W20 SEAEYI S . 1 800 Ma -2 Nuna #8 K Fili 19 BRI
9, DU LA/ U 21 A AR AR 2 4 Ao e ]
J& Nuna #8 K fiti 4 BRI 5 hil A6 5 19 B bR 35 )22,
EHATEERCAFR L R REZEM 2, NG
Pl X B 2l B b IX e LR N e
HEEFAE A — 1 B R =2, B R ER
WA 5 a4 L4

(3) DU FERHR AT 5T Al A 4 [ M 22 25 B3 2
B TP T i SR AR IS PR R 22 AR

it SAAF KA R 2008 F 3 A AR F
5 TR G L B A B4 L6 B R B AT, 2015 SF
6 A #= 2018 5 10 A 04 FF5h TAF A7 5] & 25 89
W, HXEG T, XKL RRET RAFE,
HASAFe G AR AT A S T A0 F A 5H 38 7 /R4F
MR E L, El—itd K AT A,

FVLI AT L e LT ¥ Fie,
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