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Late Neoarchean crustal anatexis in the southern Jilin Province: Evidence from
metamorphic quartz diorite and associated leucogranite

LIU Jian-hui
(Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China; Key Laboratory of Deep-Earth
Dynamics of Ministry of Natural Resources, Beijing 100037, China)

Abstract: Anatexis is the main mechanism and key geological process of continental crustal differentiation, element
migration and enrichment and migmatization. The Archean basement exposed in the southern Jilin Province, in
which felsic leucosome and leucogranites are extensively distributed, widely experienced amphibolite-granulite faci-
es metamorphism and anatexis. The field geological characteristics, correlation and petrographic characteristics of
the Archean metamorphic quartz diorite and associated felsic leucosome and orthopyroxene (Opx)- and amphibole
(Amp) -bearing pegmatite granite occurred in Helong granite-greenstone terrane in the southern Jilin Province indi-
cate that the metamorphic quartz diorite underwent partial melting and in-situ segregation and accumulation of melt.

The integrated analyses of zircon cathodoluminescence (CL) images, in-situ U-Pb geochronology, trace elements
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and Hf isotope on the metamorphic quartz diorite and pegmatite granite show that they have the same types of mag-
matic and metamorphic recrystallized zircons, the latter is dominated by metamorphic recrystallized zircons, that the
metamorphic quartz diorite has magmatic crystallization age of 2 535 + 14 Ma, and that their magmatic zircons have
consistent Hf isotope composition. Their metamorphic recrystallized zircons yield consistent metamorphic ages of
2 495+22 Ma and 2 491+10 Ma, respectively, and have identical Hf isotope compositions, which are consistent
with that of magmatic zircons, Th and U contents and Th/U ratios, indicating that both metamorphic recrystallized
and magmatic zircons have initial crystalline zircons formed in the same magmatic source, and further demonstrating
that the metamorphic quartz diorite experienced metamorphic anatexis at ca. 2.5 Ga and that the Opx- and Amp-
bearing pegmatite granite derived from in-situ partial melting of the metamorphic quartz diorite, in combination of
the coeval strong and extensive magmatism and amphibolite-granulite facies metamorphism with counterclockwise
p-T path at the end of Neoarchean in the North China Craton as well as the southern Jilin Province, which may
reflect the thermal effect of mantle material upwelling on the continental crust during formation and stabilization of
the craton lithosphere.
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Fig. 1 Tectonic subdivision of the North China Craton (a, modified after Zhao et al. , 2005) and simplified
geological map of the research region and sampling location(b)
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Fig. 2 Photographs of outcrops, micrographs and their correlation of the metamorphic quartz diorite, leocusome
and leucogranite in the Archean basement of Helong region, southern Jilin Province
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a—the geological features and relationship of the metamorphic quartz diorite and Opx- and Amp-bearing leocu pegmatite granite; b, c—the geological

features and relationship of the metamorphic quartz diorite and felsic leocusome ; d—Opx- and Amp-bearing leocu pegmatite granite; e,f,g—micro
graphs of the metamorphic quartz diorite; h,i—micrographs of the Opx- and Amp-bearing leocu pegmatite granite; Qtz—quartz; Pl—plagioclase;
Kfs—K-feldspar; Amp—amphibole; Opx—orthopyroxene ; Bt—Dbiotite
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Fig. 3 The cathodoluminescence (CL) images with U-Pb ages and ¢Hf(#) values for different zircon domains from the

metamorphic quartz diorite sample (a) and leocu pegmatite granite sample (b)
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## Sun and McDonough, 1989) Th-U &3 M Th/U EE
Fig. 4 U-Pb Concordia diagrams, chondrite-normalized rare earth element( REE) patterns( normaolized data after Sun and

McDonough, 1989), Th and U contents and Th/U ratios diagrams of zircons from the metamorphic quartz diorite sample(a~f)

and leocu pegmatite granite sample(g~1)
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ARk 2 478+8 Ma(MSWD=7.4, n=20), 3¢
JSAEIY R 2 491210 Ma(MSWD=2. 8, |8 4g), 57
JEATHEIN S FHRE Al (1OLITL-1) 45 Hh A9 28 Joi 4 i —
, IFHIHARES A 5 R E S s A AR R T
AL ERRE B A7 s oA B 00 K C o il 2 A8 X ([
4h, 4i), VISEPIRES A IX U F1 Th & AR
Bl & Th/U fE (R T 0.2) (E 4j~41)

BT Lu-Hf [ R B 45 R Bon, BT RA N
A9 Lu/THE B (48 KF 4 /NF 0.001), G—
T HE/ TTHE (E A eHE(e) fH, 3 I7E 0. 281 393 ~
0.281262 Z [l +7. 13 ~ +2. 36 Z 6] (F¥1H
+4.41) (£ 2; K 5d, 5e), PR E 7 i g B L 4RE
W% 1, (HE,) 7E 3 029~2 614 Ma Z [A] 7254k, SF-31H R
2 821 Ma(F£2, [ 5f), M /R T 5728 A 95
KRR ISR B A 1f AR (£ 25 B S) .

5 hg
5.1 TRRBIERARIE

T R DXOR T R IRE  22  1 A DA AR 2 RR
R AR 0 S AR T, A S TR A A FH A 3 i

FU, PR b o BE AR P I AR A S A A
Z T AR IERSE s, BB RIS MN
BRLERE, —LBEE A1) CL MR WoR BT R IR i A 2K
S5 IR A Bt B (B 3) , EATIR U-Pb 1
RN HZ R e aEE, FECERNFE SRR
HAARALR  FETE R 85 A7 U-Pb 4F % LA SO [ 72
) Pb % %, A SCHF 5T 1 48 i A7 € N K5 R i
(19LJ11-1) B B Z AT L 2, — 202 A
AL SRS G IR IR A (B 3a) , 55—
P FRZE g 34 &) EL AT il 0 AR 5 o 4 O B A REAE 1
A, EANEE T BUE K A AR T s (& 3a), 3k
BEAN R 57 4 AF B A o, B A HE R 2R S ss

AR U 2 S A 5 RS A B G — 1) HE [
NZEHRM (K Sa, Sh; F2), FRIHZFES PREK
B AR o A A A BT BT Rl — 2 R X Y
WILRES ShES A, DT T 5 W78 B FA A iy el
WEUR L &, A RE A U-Ph IR RIEZ T A
[FIAEBEIE SN, *Pb/ 2 Ph A 7E 2 541 ~2 489 Ma 2
2R (2R 1), Han i inkBer- 44080 2 5196
Ma(MSWD=3.4, n=24), ifi F32 AR N 2 535+
14 Ma(MSWD=1.6, & 4a), i, ¥ 38 S4E R
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FifR TR Ry 728 IO A B TN D B A R B T Ay 5 T A
JoFE 25 A AT P Ph/ 2 Ph AR IS FE 2 506 ~2 436 Ma
Z AR, RS AT BN TN AR BE A S 2 R
(Bl 4a; £ 1), EMEARER Th/U HE (>0, 1),
B 5 505 A 2 B A e DX o I3 A A AL
F IR B A ih £ S HE [F 47 R B (K 4b ~ 4f, &
5), FRUIHAR U ER 25 5 nT e k2 A0 AR TV FH I 4
SRS ] P ) R RO SR (Vavea et al., 1999;
Whitehouse and Kamber, 2002; Harley and Kelly,
2007 ; Harley et al. , 2007 ) , HINECE R4 R 2 476
+7 Ma(MSWD=5.3, n=20), b3 EAER T 2 495+
22 Ma(MSWD=2.4, Kl 4a) , 2EFH W H A2 SAFR 2
495422 Ma(MSWD=2. 4, & 4a) fift & 078 5 5 45 iy
RIS RO AR R A AR AL (19L)11-2) RER 7 Ry 728
R SE AT, B IR IR (0 0 B 0 R
i JEL A IO T RS A T L L (B 3b) , FE R B Al
Z T HER IR et o, H S AN KA A
B Ph/ 2 Ph AR /3 A AE 2 480 ~2 451 Ma ZJA],
ARTORE 2 R, 20 AR R B 45 B A
1927 Ph/ 2 Ph AEITE 2 525~2 459 Ma Z a5 4k (55
1), A28 B A S N AR b i 78 T S A A
— M, BAER Th/U1(3¥>0.1), GaKa%
ARIER) s A B DX ERAT PR A s HE AR T 50 22 L 43 1 £ 2
Hf [R5 4005 (18 4h~ 41, B 5), FAHZED T
BT RN o IR R SR R A AR 2 o, L
FOEIJAENE 2 478 £8 Ma(MSWD =7.4, n=20),
AR 2 491410 Ma(MSWD=2. 8, & 4g),
Ja BRI A A A AR AR A I A A
IR R AL R A AR T A A S A A T
FERZ W NG — 1) F A2 S AE Y 2 49522 Ma
(MSWD=2.4) 12 491+10 Ma(MSWD=2.8), 1]
WF5T X AR R RIEVE ) R AE BRI 29 ~2.5 Ga, 5
T i DX LA R AR o 3 e b DX A A R AR T
RIEENAEI —30( Zhao et al. , 1999, 2005; Guo et
al. , 2016, 2017, 2018; Yu et al. , 2021),
5.2 ARRKEERMFRBIERRRBIH

HFFE DX Ry A7 R 42 43 A 9 0 o v € 1k
TR EAE X A0 F SO S A RIEE =8, &
B2 SRR (S ) A A W R A Al A RSNk
ISR A . BPAMEE SR o, DRI AE B
S P AR 8 I 9% A A2 A PR S v 2 AN R Y]
Jok 55 59U 1 B AT B ARk, 95 G AR BT A g A
A ) T 0 R € A R] 23 A5 B9 25 IR M i, 4B 4

i AT HOAR B 8 5 R 0 A R B e A T, B
ARG A EBRFAE (18 2b) 5 Besh, —Se RV A
PRTEAR Bt A7 SN KA A RSB T 23 A1, RLE B A8
HLCIE 2¢) , BEB KSR ARG, 240454 K
B ki EE , NS A R FIA N A B S ES
T, I A5 W A2 B S DN BT Bl B2 s O
F (K 2a, 2d) . AT RS, B EOAZF 9N
Ka PR A A TN B = B A AR R AR 4 4R
NPT B ERAE I (] 2e~2g) , jk 2651
BRAH W) Z 8] 53 A A7 LV (RURHR A1) JRHR A M
AP EREROT Y (F 2g) , REREFARNKSE
TR R IR I EE ) IOt BB SN KA
(Fffm 19LI11-1) SR O S AL 75 (FF Al 19LI11-2)
HATHATR] )25 R 5 A FIE ot B 25 B A1 U-Pb AR %
FE (Kl 4a, 4g; £ 1); JFH, ks KA L ZE
FRE LSS, BT U Th B e &5 & Th/U
HASEE I 3 AT DAXT L (B 4) , JRHEATHEA
Gi—RE A HE W ALR AR (B 55 K 2), RIREA
il b A I A 7 A B TN A B O
U, ARAE AR B A S N 5 R T (A A SR (4K
<5 B A SRR AR ELOC R A A A R S B A
U-Pb 4FAQ2 i JC 2 S HE [R17 28 (98 4% L 43
BT, DRI 728 J5 A 3 PR v B o e e A e 5 v
TiEAT (AN ) BIR U AR AE B e U8 A A S AR
Y I TR A

AR AT e N B R T A AR A A IR e A
ERER AR R, ERAENKETSS
TR W) R IN A RSB RO M
(K 2e~2g) , AR W) HIIR CAE B A 10 T2
WG KA BT CRAETY)) Ao Je Do
FHSAT (18 20, 2i) , FEREEHIE BUAY 8 B v (1A
FARCOAL B e 2034 AR s M 3 v (0 2B A
20 ) , RO AL R AR PURME, 8T
B, S5E AL BTSN ACE SR AT Al AE B A T T
WyeH &, a7 HAR o J il i) T 0 Al s AR 4 78 Jo ks
P B LTINS B8 8 il S 36 S AH DG 5T ( Beard
and Lofgren, 1991; Wolf and Wyllie, 1994 ; Aranovich
et al. , 2014; Newton et al. , 2014) , TEAFENK A
AR o3 Hes Rl R P R S BE KA TN A 25 5 K W R
J KT AR B B A4, G0 20948 Rl B I, 7T B Dy < 2R
AN R A 8= BT A+
K, BFAMBBURFIERIT, AT 2B BT, 5k
VR X BER AR IR 45 &, B U e o (B AR R
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AL E KR SCA B (B 2b, 2¢), B IR TR ET
BT, ARk ST A A AR S A DR | SRR TR
ERGR O G 7, IFTESS R A B A %
TER W R D7 W5 A 5 065 R N T B A T A3 ( Brown,
2007, 2013; Clemens and Stevens, 2016; [& 2a,
2d) . At RLE AR AR 2 2.55~2.50 Ga M
(B 2805 1 HERI A B AR K 5T (TTG) A BYIE J A
FA DN AR = BRORL 5 AR AR AR D, RRR 5 R 722 B A
HA W ER p-T B, Bk vl g 5 i A K
124 F(Zhao et al. , 1999, 2005; BkooA:4, 2010) .
AR SCWFFE 0 B L IX Rty B I A 2T K AR
RETTT AN A - RREE AR AR VR, BB A
AR JEAE AT B p-T Bk (53R %, 19935 Ge
et al. , 2003) , ZEIAL < 7 B RIE VR TR LA IR €
PRIEAE R AT 12 0 (B SRS, 1996a, 1996b;
A5 1998; Guo et al. , 2016, 2017, 2018; Yu et
al. , 2021), B, FHr X H KERAKL 2.5 Ga
I R A AR R AE P IR A v hor i B i X —
FE, AIRE b Y) BURRAE R S5 R, B Kb AR
=t et AR I B A Sy 2 Al B 3 ) 3 A 4
A CEHE T ( Zhai and Santosh, 2011 ; Zhao and Zhai,
2013) , Kb o £ 30 AR TR He A i oA oy 4 0 A ik 28 g
T AW p-1 B iy 28 VR R TR AR (5
W2 1987 Zhao et al. , 1999, 2005; Zhai et al. ,
2005; F&#TH 4 2000, 2001, 2004; 1F 83 & %%,
2011; Dong et al. , 2017; Wang et al. , 2017 ; Jiang et
al. , 2021; Yu et al. , 2021), A g ML T AEAL TE i
T 2R AR B AR TR AR v i i AR v i ) B 1 3
(AN
6 5

(1) BPAN AR E R, A RN A &)
TR FTRIEE T, FLER AT Bl R N BRI
AR A +ASE = ROTEA+IIK A AR, JfE
A HIET YR A SISOV TE A IN A

(2) 7B JJi A7 3 R 5 4 08 o v AR R A
Al A B 7 A EF AN BT RRAE A ELOCR A AR SERRAE S
B U-Pb A0 Bl oo R I HE [ 28 19K 240 6
Eb A3, 2R BHAR B A B DA Hh A 0 o £ 1k &
RO M AL B A TR B A5 N KA Y b S
&R,

(3) AESRIRMEAE I & A BRI ~2.5 Ga, 5

T B ML X L R A T e DX R AR AR AR
RIS — 3, W RE S T e b g Fir i AR 5 bk
HUfe I8 il ke g e h 3 1 B e o e W b T G R
BN,

it AFIE R, 5AEBRFOREEK
BAFRFORATHBRASTHRRFZNHE LAHK
BIFRT AT, EF T REX, AEATE
S R B E AR A B S e R A AR o A
T W BB SGRIE, T RRAHF RS R RFR
SR ATMATR R A4 G HE Bl A £l K P 424 7 4
By, X WAL E T RIS BRI, Ak—If
FOR S i R

ORI LSRG F Fil, Bitii
S A AN F BT K LW AR 4 T8 SR Fe 35
F HFeeke PR FAEAENERLHRF
BRI F AR AT R BB AR S
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