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Geochronology, geochemistry and tectonic setting of the Late Paleozoic-Early
Mesozoic magmatism in the northern margin of the North China Block:
A preliminary review
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Abstract: Tectonic evolution of northern North China Block (NCB) and its relation with the Central Asia Oro-
genic Belt (CAOB) during the Late Paleozoic to Early Mesozoic period have aroused considerable interest among
carth scientists in recently years. A summary of the recently obtained zircon U-Pb or ** Ar-*'Ar ages of the Late
Paleozoic-Early Mesozoic magmatic rocks in the northern margin of NCB indicates that at least three stages of
magmatism including Devonian (400~360 Ma), late Early Carboniferous to Middle Permian (330 ~265 Ma)
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and latest Permian to Triassic (250~200 Ma) occurred during the Late Paleozoic to Early Mesozoic period. The
main components of the Devonian magmatism are syenite and monzonite, together with some other rocks such as
monzodiorite, alkaline granite, rhyolite and mafic-ultramafic rocks. These rocks exhibit high alkali content
(K,O+ Na,O) and have alkaline to high K calc-alkaline, metaluminous or weak peraluminous geochemical fea-
tures. Rocks from the late Early Carboniferous-Middle Permian intrusive suite are composed mainly of diorite,
quartz diorite, granodiorite and granite, with some gabbro and tonalite. The late Early Carboniferous-Middle
Permian magmatic rocks have variable SiO, content and calc-alkaline to high K calc-alkaline, metaluminous or
weak peraluminous geochemical features. Some of the late emplaced magmatic rocks (latest Early Permian-Mid-
dle Permian) display shoshonitic or alkaline geochemical compositions, indicating a trend of transition from calc-
alkaline to shoshonitic or alkaline series during magmatic evolution. The latest Permian magmatic rocks consist
mainly of monzogranite, K-feldspar granite, syenite, monzonite, mafic-ultramafic rocks and some intermediate-
felsic volcanic rocks. They are characterized by high content of SiO,, K,O and alkali (K,O+ Na,O) and display
geochemical signatures ranging from highly fractionated I-type to A-type. Magmatic evolution exhibits a transi-
tion trend from high K calc-alkaline series in the early stage to the coexistence of alkaline and high K calc-alka-
line series during the late stage. Compared with the Devonian and late Early Carboniferous to Middle Permian
rocks, the latest Permian to Triassic magmatic rocks show much more extensive distribution. The wide distribu-
tion of the Late Paleozoic to Early Mesozoic magmatic rocks indicates a very complex tectonomagmatic history of
the northern margin of the NCB during the Late Paleozoic to Early Mesozoic period. The Devonian rocks are
probably related to post-collisional extension alter the arc-continental collision between the Early Paleozoic
Bainaimiao arc belt and the northern margin of the North China Craton during the latest Silurian to earliest De-
vonian period. The late Early Carboniferous to Middle Permian intrusive rocks are interpreted as subduction-
related magmatic rocks emplaced in an Andean-style continental margin arc during the southward subduction of
the Paleo-Asian oceanic plate beneath the NCB. The formation of large quantities of latest Permian to Triassic
magmatic rocks might have resulted from post-collisional/post-orogenic lithospheric extension after final collision
and suturing of the Mongolian arc terranes with the NCB.

Key words: magmatism phases; Late Paleozoic-Early Mesozoic; North China Block; continental margin; zircon

U-Pb dating; Xing-Meng Orogenic Belt (Central Asian Orogenic Belt)
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1

margin of NCB

39 Al‘-40 Ar

Table 1 Summary of zircon U-Pb or ¥ Ar-**Ar ages of the Late Paleozoic-Early Mesozoic magmatic rocks in the northern

U-Pb

39 Ar-

Ma

DP-4 40°53’ 115°21° 390°6 SHRIMP 2001
HG-1 40°54° 115°37 3867 SHRIMP 2001
H-1 41°09° 117°43° 397+6 SHRIMP 2002
D055-1 41°12'09" 117°48'04” 390+5 SHRIMP Zhang ~ 2007b
D485 41°10.3’ 117°16.0° 394 +4 LA-ICP-MS Zhang ~ 2009b
D486 41°10.2' 117°15.9’ 3817 SHRIMP Zhang  2009b
D488 41°10. 17 117°16.2 387 +2 LA-ICP-MS Zhang ~ 2009b
D500 41°08.3’ 117°38.3" 395+ 11 SHRIMP Zhang  2009b
D496-1 41°09.3’ 117°43.0° 392+5 SHRIMP Zhang  2009b
06C205 — — 376 +3 LA-ICP-MS Liu 2010
07D014-1 42°34.2' 119°42.0° 364+2 LA-ICP-MS 2010
2006 MHS — — 387+4 SHRIMP Shi 2010
99YG25 40°38’ 110722’ 2906 SHRIMP Cope 2005
RP-16 41°00° 117°16 284+8 SHRIMP 2004
SD020-3 41°20'00” 117°46'40” 311+2 SHRIMP 2004
YZ702-12-3 42°28'46" 128°56'12" 285+9 LA-ICPMS Zhang 2004
DO018-1 41°16°10” 117°38°06" 32416 SHRIMP Zhang  2007a
D169-2 41°14'07" 117°26'43" 314+6 SHRIMP Zhang  2009a
HLB-G 41°03'54" 117°20'25" 302+4 SHRIMP Zhang  2007a
FP2 40°59'17" 116°59°01” 310+5 SHRIMP Zhang  2007a
HFH-1 40°58'10" 116°59°30” 304+8 SHRIMP Zhang  2009a
T3S-1 39°56'57" 115°55'30” 296 £ 4 SHRIMP Zhang  2007c
Ch9808146 40°58'34" 115°38'38” 273+1 Pb-Pb Zhang  2009¢
Ch9808160 41°02'03" 116°58°23" 274 %1 Pb-Pb Zhang ~ 2009c
Ch9808160 41°02°03" 116°58"23" 274£9 SHRIMP Zhang  2009¢
D315 41°52°57" 119°37°48" 304+2 LA-ICPMS Zhang ~ 2009a
04ZH79 40°27.0° 118°33.8’ 308 +4 SHRIMP Zhang 2007
04ZH77 40°27.1° 118°32.3 3066 SHRIMP Zhao 2007
04ZH80 40°27.9° 118°34.17 298+3 SHRIMP Zhao 2007
04ZH85 40°27.6' 118°33.4 304+3 SHRIMP Zhao 2007
04ZH82 40°28.3' 118°34.9° 303+6 SHRIMP Zhao 2007
04ZH83 40°28.7 118°35.3 301+2 SHRIMP Zhao 2007
05J05 40°59.595"  116°58.65° 280£6 SHRIMP 2007
05A06 40°53.355"  116°37.14’ 288£5 SHRIMP 2007
D490 41°03'57" 117°20°22" 297+1 LA-ICPMS Zhang  2009b
WZ08 41°39.58"  108°50.28’ 291+4 SHRIMP 2007
X3-3 41°10.0" 110°38.5 282£5 TIMS 2006
— 41°10.5’ 110°48.5’ 299+4 TIMS 2007
D252 41°02"54" 116°57°14" 276£2 LA-ICPMS Zhang  2009c
D464 40°57°29" 116°45°08” 283£2 LA-ICPMS Zhang  2009¢
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Continued Table 1-1

Ma

D077-1 40°59'39"  116°58'28" 288 +2 LA-ICPMS Zhang ~ 2009c
D079-1 41°01'37" 117°06°17" 288 +4 LA-ICPMS Zhang 2009¢
D215-1 40°59°05"  117°33'30” 291+3 LA-ICPMS Zhang  2009c
NM54 — — 331£5 LA-ICPMS 2009
NM47 — — 302+2 LA-ICPMS 2009
PMVAOTY(Q2221 — — 282+3 LA-ICPMS 2008
7Q05-06 41°2033"  108°11'13" 277+3 SHRIMP 2009
— — — 273 LA-ICPMS 2009
— — — 274 LA-ICPMS 2009
— — — 272 SHRIMP 2009
Hq33 41°09'58”  115°05°20” 299+3 LA-ICPMS 2009
Z1.21C 40°59’ 115°39° 287+ 1 LA-ICPMS 2009
JB6037-1 — — 307+6 LA-ICPMS 2009
JB6024 — — 315+3 LA-ICPMS 2009
— — — 265+ 7 LA-ICPMS 2009
06B193 — — 268 +2 LA-ICPMS 2009
06B218 — — 272+2 LA-ICPMS 2009
06B195 — — 269+3 LA-ICPMS 2009
06B204 — — 281+3 LA-ICPMS 2009
06B201 — — NE 264 +4 LA-ICPMS 2009
06B161 — — SW 270+3 LA-ICPMS 2009
068241 — — 266+ 4 LA-ICPMS 2009
068242 — — 268 +5 LA-ICPMS 2009
06B180 — — 269 +5 LA-ICPMS 2009
06B129 — — 263 +4 LA-ICPMS 2009
06B211 A% — 268+ 3 LA-ICPMS 2009
06B221 RN — 270+3 LA-ICPMS 2009
06B177 B — NE 273£3 LA-ICPMS 2009
06B179 — — NE 265+2 LA-ICPMS 2009
06B289 — — 270+ 4 LA-ICPMS 2009
GST-19 — — 280+3 SHRIMP Chen 2009
NMO010-1 42°19'57" 118°29'38” 271+2 LA-ICPMS

D404-1 40°58'28"  115°40'02" 292+3 LA-ICPMS

07027-2 41°53'32"  113°26'23" 268 +2 LA-ICPMS

07189-1 41°38'26"  108°27'29" 276 +4 LA-ICPMS

07223-1 41°18’50"  108°36'01” 282+3 LA-ICPMS

PRC-22 42°00° 119°05° 253+3 TIMS Davis 2001
G77-1 40°50°03"  115°12'26" 236+2 SHRIMP Miao 2002
DSH-1 — — 223+2 SHRIMP 2003
SJ-1 — — 222+4 SHRIMP 2003
By98228 41°38’ 117°10° 250+ 4 TIMS 2003
By99087 41°40° 117°06 247+3 TIMS 2003
By98046 41°41’ 117°08’ 247+2 TIMS 2003
Y702-2 42°52°15"  128°30'32" 249 +4 LA-ICPMS Zhang 2004
YZ702-22-2 42°12°14"  128°49217 245+6 LA-ICPMS Zhang 2004
YZ02-25-2 42°10'57"  128°44'58" 245+3 LA-ICPMS Zhang 2004
YZ02-27-2 42°03'10"  128°49'32" 248 +2 LA-ICPMS Zhang 2004
— — — 247.3 TIMS 2004
BZHZ-4 — — 222+3 SHRIMP 2004
— — — 220+ 1 TIMS 2004
Nangoushang-1 40°55°43"  119°14'42" 230+3 SHRIMP 2005a
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1-2
Continued Table 1-2

Ma
FWO04-332 40°54'39" 124°32'56" 231£1 LA-ICPMS 2005
FWO01-424 40°57'40” 124°16°08” 233+1 TIMS 2005
99-SAW-109 — — 216 +5 SHRIMP Wu 2004
P4-5 — — 217£3 SHRIMP Wu 2004
99CH23 Bt 40°45° 118°14° 241£1 IAr-OAr Cope 2007
N301 — — 235+2 SHRIMP Jiang 2007
X7] — — 220+5 SHRIMP 2007
D1081 40°06'27" 117°16°01” 205+2 SHRIMP 2007
D1066 40°05'15” 117°17°24” 208 £4 SHRIMP 2007
D1030-1 40°05'48" 117°14'28" 203 +5 SHRIMP 2007
D1087 41°05'24" 117°11°29” 206 £ 2 SHRIMP 2007
— — — 248+ 10 SHRIMP 2007
NGS — — 211£6 SHRIMP 2007
— — — 227+2 LA-ICPMS 2008
CHFG-2 41°10°28" 117°16°00" 254+3 SHRIMP Zhang 2009a
D315-1 41°52°57" 119°37'48” 241+2 LA-ICPMS Zhang ~ 2009a
D315-3 41°52'57" 119°37°49” 237+1 LA-ICPMS Zhang 2009a
Hq01 41°0940” 115°14"44” 250+ 11 LA-ICPMS 2009
Hq06 41°04'16" 115°11°48” 252+3 LA-ICPMS 2009
BYS8S — — 2182 SHRIMP 2009
Fk04-5 42°29'46" 123°29'32" 241+6 SHRIMP Zhang 2009
07215-1 41°20'44" 107°05"14” 239+1 LA-ICPMS
07251-1 41°37.78’ 117°11.82° 253+1 LA-ICPMS
08018-2 40°54.39’ 118°52.17 255+5 LA-ICPMS
08012-2 40°47.00°  118°12.04’ 247+4  LAICPMS
400 ~ 360 Ma — 2002 Zhang et al. 2009b
330~265 Ma — 250~200 Ma ®
3
— 1 364
1.1 2 Ma 2010
1.2 —
— 1
390 Ma 2001
390 =+ 5 Ma
Zhang et al. 2007b 311 £2 Ma 2004
TIMS U-Pb 390 Ma @ 324+ 6~314+6 Ma Zhang et al. 2007a
376 £ 3 Ma Liu et al. 2009a 315+ 3~307 £ 6 Ma
2010 387 +4 Ma Shi 2009 302+ 4 Ma Zhang et al. 2007a
et al. 2010 — 3105 Ma Zhang et al. 2007a
(1) . 2002. 1:5 K49E018011 .

(2] . 2003. 1:25 K49C003002 .
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291+ 3 Ma Zhang et al. 2009c 288 £ 4
Ma Zhang et al. 2009c 288 2 ~280*+6
Ma 2007 Zhang et al. 2009c

- 283 +2~274 +9 Ma Zhang et al.
2009¢ 288 £5 Ma 2007
- 299 +3
Ma 2009 287 £ 1~
273+1 Ma 2009 Zhang et al. 2009c
268 +2 Ma
- 282 +3 Ma 2008
299 £ 4 Ma
2007 - -
282+ 5 Ma 2006
331+ 5 Ma 2009
265+ 7 Ma 2009
- 281 £3~263+4 Ma
2009 - 291 £ 4 ~272
Ma 2007 2009
282+ 3 Ma 308 £4~298 +
3 Ma Zhao et al. 2007
304 +2 Ma Zhang et al. 2009a
271 +2 Ma 285
+9 Ma Zhang et al. 2004
330~-265 Ma
Zhang et al. 2006 2007
15
~18 km Zhang et al. 2006
Cope et al. 2005 Zhang et al.
2007¢
SHRIMP U-Pb
2002 2004 Ni et al. 2006

1.3 —

254 + 3 Ma Zhang
et al. 2009a 250 +4~247+3
Ma 2003 248 +
10 Ma 2007 223 +2
~222+3 Ma 2003 2004

- 208 £+ 4 ~203 £ 5 Ma
2007 - 2205 Ma
2007 250 £ 11 Ma
2009 252 +3 Ma
2009 236 =2 Ma
Miao et al. 2002 235+ 2
Ma Jiang et al. 2007 241+£2~
237+1 Ma Zhang et al. 2009a

253+3 Ma Davis et al. 2001
249 +4~245+6 Ma Zhang et al. 2004
- 216 =25 Ma Wu et al.

2004 - 217+ 3 Ma
Wu et al. 2004
239 £ 1 Ma
250~200 Ma
2000 2001 U-Pb
2004
2005 2008 2009
227
+2 Ma 2008 231
+1 Ma 2005 233£1
Ma 2005
- 218+2 Ma
2009 220 £ 1
Ma 2004
230 ~210 Ma
Peng et al. 2008
234 £2~224 + 4
Ma Wu et al. 2007a Peng et al. 2008

2005
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Peng et
al. 2008
SHRIMP U-Pb 230+ 3 Ma
2005a —
Cope et al. 2007 2007
LA-ICP-MS U-Pb 250 Ma 1
Cope 2003 Cope et al. 2007
2007
1
2
2.1
A
Kzo + NaZO -
Eu Eu Jiang 2005

Zhang et al. 2007b Wan et al. 2009 Zhang et

al. 2009b Eu
Shi et al. 2010
Jiang 2005
Zhang et al. 2007b
2007
2010
Sr-Nd Hf

2003 Jiang 2005 Zhang et al. 2007b Wan

et al. 2009 Zhang et al. 2009b Shi et al.
2010
2 3 -
87Sr 86Qp ~0.705
eNd ¢ -6.3~—-1.5 eHf ¢ -6.5
~5.5 Zhang et al. 2009b
87Sr 808y 0.708 ~0.711
eNd ¢ —-20 Wan et al. 2009
Nd 2.0—-2.8 Ga
87Qr 860Gy 0.705 eNd ¢
-13.2—-6.2 eHf ¢ -11.8~-5.8
Jiang 2005 Zhang
et al. 2007b
2.2 —
1
A
SiO,
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2007
2008 Zhang
et al. 2007a 2009a 2009c
Sr-Nd Hf Liu ez
al. 2006 2007 Zhang et al. 2009a
2009b 2009c¢ 2009 2009
2 3
87 Sr 86 Sr
0.705~0.710 eNd ¢ -17.1—~-9.3
e Hf ¢ —38.3~—-7.4
87Sr 86Sr 0.705~0.706
eNd ¢ -10.9~-9.3 eHf ¢ -17.0~
-9.1
eNd ¢
-11.5~-9.9 Nd 1.82 ~
1.64 Ga 87Qr 865y 0.704 6~0.704
8 176Hf 177Hf
eHf ¢ -8.7~1.2
Zhang et al. 2009a
2.3 —
A I S
Kzo + NaZO [ A

A NK - A CNK

A CNK>1.1 Sylvester 1998
— Sr-Nd
Hf
2000 2004 2004
2005b 2007 2007 Jiang et
al. 2007 Zhang et al. 2009a 2009
2 3
7Sy oSy ~0.707 eNd ¢ -18.1
~—=12.3  eHf ¢ -23.3~-9.9
Jiang et al.
2007 2009
Zhang et al. 2009a
2009 eNd ¢ -10.6~
—-8.8 eHf ¢ -14.9~-06.7 Hf
Nd
2000
2004 2004 2005b
eNd ¢ -9.9~-4.3
2000
2004 2004 2005b
eNd ¢ —
87g, 806G,
0.704 5~0.708 1 eNd ¢
-4.7~0.5 eHf ¢ -2.9~ —-1.7
1996 2007
2008 —
- Sr-Nd-Hf Zhang et
al. 2009b
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- eNd ¢ -0.2—4.3
0.8~2.0 Ga Wu et
al. 2004
3
3.1
2003 2003
2003 Jian et al. 2008 2008
U-Pb
2003 2003 Jian et al. 2008
2008
~ 475 Ma ~
420 Ma
% 2009
1991
2003 -
1996
1991 —
1996 2005 Chen and Boucot
2007 -
3.2 —

Ducea 2001 Lackey et al. 2005

Wilson 1989

2007

1999

1999
SHRIMP U-Pb
Hf
eHf ¢

176 111 177 1f
al. 2006

Zhang et al. 2006

2001

Zhang et al. 2007c

Zhang et al .

2007¢

1995

Lu-Hf
176 Hf 177 Hf

eHf ¢

Yang et
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