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Discovery of HP-UHP garnet quartzite from Chongli County, North Hebei
Province, and its mineral chemistry and zircon SHRIMP U-Pb chronology

LIU Yao', NI Zhi-yao’, NIU Teng’, ZHOU Xin’, PAN Deng’ and TIAN Tao*
(1. China Railway Eryuan Engineering Group Co. Ltd., Chengdu 610000, China; 2. College of Earth Sciences, Chengdu University of
Technology, Chengdu 610059, China; 3. Geothermal and Geological Party, Bureau of Mineral Resource Exploration and Develop-
ment of Tibet, Lhasa 850000, China; 4. Shaanxi Academy of Environmental Sciences, Xi’an 710000, China)

Abstract: For the first time, the HP-UHP (high-pressure to ultrahigh-pressure) garnet quartzite has been discov-
ered from the Late Paleozoic Hongqiyingzi metamorphic supracrustal rock characterized by amphibolite facies parag-

neisses in Chongli County, North Hebei Province. The garnet quartzite occurs as separate tectonic lenses within garnet
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biotite plagioclase gneisses. It mainly consists of garnet and quartz, with a small amount of amphibole, plagioclase
and barite, and possesses accessory mineral assemblage of apatite, ilmenite and copper-iron sulfide. Garnets are
characterized by a high Grs+And value (23. 08% ~29. 38%) with the end-member components of Almg, ;0 ¢ &
G1S53 o8-8 45 PTP11 31-16.759PS1 252 45, belonging to almandine-pyrope-grossular garnet series. Compared with the HP
granulites of North China Craton and retrograded eclogite in Chicheng County, the garnets of studied samples are
richer in Grs+And and poorer in Prp than the former, and poorer in Prp than the latter. Apatite is fluorapatite with
the contents of fluorine from 1. 65% to 3.29%. Garnets surrounding the apatite inclusions often have radial decom-
pression expansion joints, which is interpreted as the result of retrogression of HP-UHP metamorphic rock. Barite
may be the result of decompression and dissolution of apatite during the exhumation of HP-UHP garnet quartzite,
which is accompanied by the formation of copper iron sulfide. Thermobarometric computation shows that the temper-
ature and pressure conditions for the formation of garnet quartzite are 667 ~710°C and 1. 189~1.279 GPa, respec-
tively, which are consistent with the pressure properties shown by mineralogical characteristics. Zircon SHRIMP
U-Pb isotopic dating obtains two different groups of ages which from detrital zircons and metamorphic zircons sepa-
rately. The former has higher value of Th/U from 0.23 to 3. 81, which indicates that typical of magmatic crystal-
lized zircon, ranging from 485. 5 to 304.9 Ma and mainly from 369. 8 to 348. 8 Ma with a weighied mean age of
359.4+3.8 Ma. The protolith of garnet quartzite may be the terrigenous clastic rock at the continental margin, and
the clastics chiefly from Late Paleozoic (~359 Ma) magmatic rocks. The latter has lower value of Th/U from 0. 05
to 0. 18, ranging from 277. 0 to 259.4 Ma, with a weighted average age of 268. 1+2.9 Ma, which is interpreted as
the peak metamorphic age of HP-UHP garnet quartzite, indicating that HP-UHP metamorphism occurred in the late
Paleozoic (~268 Ma), and may be related to the addition of some continental crust materials during the southward
subduction of the ancient Paleo-Asian oceanic crust.

Key words: HP-UHP metamorphism; late Paleozoic; garnet quartzite; Paleo-Asian Ocean; Chongli County,
North Hebei Province
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Fig. 1

Tectonic setting of the central part of the northern margin of the North China Craton(a) and areal geological map showing

location of the garnet quartzite and retrograded eclogite within Chicheng County and Chongli County(b) (according to Regional

Geological Surveying Team of Hebei Bureau of Geology and Mineral Resources, 1990)
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Fig. 2 Field distribution of the garnet quartzite within Hongqiyingzi metamorphic supracrustal rock
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Fig. 3 Macroscopic and microcosmic characteristics of the garnet quartzite
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a—garnet quartzite specimen; b—garnet quartzite mainly composed of garnet( Grt) , quart (Qtz) , and a small amount of ilmenite (Ilm) , has a typi-

cal granular metamorphic structure, sample number 12100506, single polarized ; c—the fluorapatite (Ap) inclusions in garnet, and the garnet which

include the fluorapatite have typical radial expansion cracks, showing the characteristics of retrograde metamorphism, Cu-Fe sulfide exists in the rock,

sample number 12100506, single polarized; d—garnet particle and location of composition profile, sample number 12100506, BSE image ; e—miner-

als such as amphibolite ( Amp) , garnet, quariz and ilmenite of garnet within garnet quartzite, sample number 14031405, single polarized ; f—barite

(Brt) produced separately and in hornblende fractures, sample number 12100506, BSE image
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MgO & AR b 34 ) 55 2 A Fz , 2 30 R 0 o4 Wt A
AR, B fh ks $e i B B R BN J CaO % 4
(Enami and Banno, 2000) ., FeO HIFRHFARAEA A
{EAZER S m A (18 4b) o 38k, o Il A2 1R % v
AR A A3 T S s A R A URL ) R 5B MgO

a Alm+Sps

SHLEE R MG T s
ot O o_ilak

N Nao

Grs+And Prp

BT, MgO i (I 4b) , X 5 EALR A
WAK—FE, AWORERE 2D T AR A 2
e FE PR R L 3 A DA A A 2B AR Joi A (5 R
45, 2004)  SAAL TR M TR S s i RETCA &2
Je R AN IR 7 P i

i SHLERIEE R 12100506 . A AL P T (N e al, 2006)
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Fig.4 Mineral composition polt (a) and compositional profile (b) of garnet within garnet quartzite

2.2 WEIRA

WA I A AR, 2 495, T,
RIS =N RN TEASE A=A asub AR I
RN Y S N2 IRAN R TN TE AR N 2 7 e
(B A BURLI DI T 2 R PATIE O, e b i
AT EBA 3 PSR . O fEAAH T A Bk
D W BRI A, SR A AR A2
HA [l Gl I A Uk B4 T S bR ek i ik 24 4 (
3¢); @ FEA PR I Y BB B, 85 K
A1 JE B P Ay O /0 DL RS 8 B ik 545 5 D 4y
A AE A AR A TORE 5 A B UL 22 8], 5 898 A 5 fil
1) 1 R A TOURE B A S R 24 EL TS AR 24

B IR AT BT H A 1 o3 A A B L3R 2, Wl K
AR B2 Rl CaO K PO, &5
53.02% ~56. 30% Fll 42. 06% ~ 44. 07% ., H AN, i&A
—ER F(1. 65% ~3. 29% ) 1E 45, J& JUE K A0 (36
2), AR PR K AT ) F R AR R
1% ( Kapustin, 1987 ; Spear and Pyle, 2002) , S24L#
e B KA F S R T KRR AR
(CCSD) FEALMMES th B AT F 58 (1. 32% ~
2.54% ; BRIRTAE, 2006) , HobRE i 14031401 S hE
fh 14031408 HFUBE KA F & it fesn, 400k 2. 87%
~3.29%H1 2. 99% , Hzir a8 = T AU 2 HH O = R AR

WEA T REBERA R F 3 (29 3%; XU, 2007)
TR K AT B A M2 R R R T BT A 2 T
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PR IR U R ik 224 5% | W] B SR K A 19 F S A
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WS A 5 2 1E 40% ~45% 2 0], Jo {65
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x2 BEEPBRKAUERSWEFRIEDMER w,/ %
Table 2 Representative microprobe mineral analyses of apatites in garnet quartzite
5 12100506 14031401 14031403 14031404 14031406 14031407 14031408
M 1 1 2 1 1 1 2 1
Si0, 0.00 0.00 0.12 0.00 0.00 0.24 0.00 0.05 0.04 0.00 0.10
FeO 0.34 0.29 0.04 0.15 0.26 0.22 0.08 0.10 0.39 0.09 0.10
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.00
MgO 0.00 0.00 0.02 0.03 0.00 0.02 0.00 0.00 0.03 0.00 0.03
CaO 56.30 55.57 54.94 54.10 54.19 55.15 55.42 55.04 54.87 53.02 55.68
Na, O 0.00 0. 00 0. 00 0.00 0.00 0. 00 0.00 0.00 0.00 0.00 0.00
K,0 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
P,04 42.06 42.82 42.71 42.82 44.07 42.53 42.44 42.63 43.57 43.21 42.55
F 1.65 2.31 3.29 2.87 1.87 2.44 2.69 2.41 2.03 2.42 2.99
Total 100. 37 100. 99 101. 12 99.99 100. 39 100. 60 100. 63 100. 23 100. 96 98.77 101. 45
Ca 4.837 4.750 4.723 4. 675 4.597 4.733 4.773 4.737 4. 657 395 4.771
2.856 2.892 2.901 2.924 2.954 2.884 2. 888 2.899 2.922 2.959 2. 881
Mg 0. 000 0. 000 0.002 0. 004 0. 000 0. 002 0. 000 0. 000 0. 004 0. 000 0. 004
Fe®* 0.023 0.019 0. 003 0.010 0.017 0.015 0. 005 0.007 0.026 0. 006 0. 007
Si 0. 000 0. 000 0.010 0. 000 0. 000 0.019 0. 000 0. 004 0. 003 0. 000 0. 008
K 0.002 0. 000 0. 000 0.002 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
x3 RBREPHNAUEBIBEFIRIINER w,/ %
Table 3 Representative microprobe mineral analyses of amphiboles in garnet quartzite
j==3 12100506 14031404 14031405 14031406 14031409
. 14031407 14031408
RS 1 2 3 4 1 2 1 2 1 1 2
Si0, 43.67  43.46  44.17 43.28 43.61 42.94 42.48 42.91 43.51 42.75 43.61 43.16 43.57 44.44
TiO, 1.65 1.99 1.72 2.59 2.11 1.88 0.98 2.09 1.92 1.76 1. 60 1.34 1.55 1.51
Al, Oy 11.43 11. 81 11.53 11.47 11.49 12.85 12. 87 12.25 11.85 12. 66 11.66  13.30 11.92 11.05
FeO 18.19  18.35 17.52 18.01 16.39 17.67 18. 81 17. 62 17.32  16.80 18.36  17.28 17.42 17.40
MnO 0.09 0.09 0.05 0.06 0.14 0.06 0.12 0.12 0.11 0.06 0.00 0.09 0.07 0.14
MgO 8.40 8.57 9.09 8.36 9.84 8.52 8.52 8.35 8. 68 9.03 7.95 8.26 8.71 9.09
CaO 11.23 11.28 11.16 11.14  11.01 10. 87 11.04  11.09 10.96 11.14 11.52 11.18 11. 14 10.98
Na, O 1.59 1.39 1.47 1.56 1.59 1.35 1. 40 1.26 1.55 1.67 1.25 1.41 1.56 1.38
K,0 1.26 1.28 1.20 1.44 1.35 1.32 1.05 1.48 1.36 1.38 1.06 1.21 1.35 1.18
Total 97.51 98.22 97.91 97.91 97.53 97.46 97.27 97.17 97.26 97.25 97.01 97.23 97.29 97.17
Si 6.587 6.485 6.575 6.517 6.500 6.415 6.354 6.472 6.545 6.421 6.611 6.474 6.557  6.655
Ti 0.187 0.223 0.193 0.293 0.237 0.211 0.110 0.237 0.217 0.199 0.182 0.151 0.175 0.170
Al 2.031 2.076  2.021 2.034  2.017 2.261 2.268 2.176  2..099 2.240 2.082 2.349 2.112 1.949
Fe®* 0.083 0.246 0.225 0.015 0.278 0.364 0.658 0.169 0.132 0.183 0.016 0.166 0.116 0.252
Fe** 2,211 2.043 1.956  2.253 1.765 1.844 1.695 2.054 2.047 1.927  2.312  2.001 2.076 1.928
Mn 0.011 0.011 0.006 0.008 0.018 0.008 0.015 0.015 0.014 0.008 0.000 0.011 0.009 0.018
Mg 1.889  1.906  2.017 1.877 2.186 1.898 1.900 1.877 1.946  2.022 1.797 1.847 1.954  2.029
Ca 1.815 1. 803 1.780 1.797 1.758 1.740  1.769 1.792 1.766  1.793 1.871 1.797 1.796 1.762
Na 0.465 0.403 0.424 0.456 0.460 0.391 0.406 0.369 0.452 0.486 0.368 0.410 0.455 0.400
K 0.242  0.244 0.228 0.277 0.257 0.252 0.200 0.285 0.261 0.264 0.205 0.232 0.259 0.225
Xea 0.720 0.736  0.732 0.710 0.710 0.730 0.745 0.733 0.712 0.705 0.766 0.737 0.716  0.738
Nay 0.185 0.197 0.220 0.203 0.242 0.260 0.231 0.208 0.234 0.207 0.129 0.203 0.204 0.238
(NatK), 0.522 0.449 0.432 0.529 0.474 0.383 0.376 0.445 0.479 0.544 0.444 0.438 0.511 0.388
Mg ™ 0.461 0.483 0.508 0.455 0.553 0.507 0.529 0.478 0.487 0.512 0.437 0.480 0.485 0.513
=M

Fe®* ZARYE BB T BACK 13(AHE Ca+Na+K) TG H]

Mg

o/ (Mg+Fe> ) ; X, =Ca/(Ca+Na+K) ,
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A1 Cay A1 Nay 53904 1. 740 ~ 1. 871 F1 0. 129 ~
0.260,Ca0 7% (10. 87% ~ 11. 52% ) ZEAbL AN K (3
3), )@ 55 A IN 7 (Leake et al., 1997), Hif,
(Na+K) , =0.5(0.511~0. 544) PEE Sy, H Si 5N
6.421~6.587, Mg/ ( Mg+Fe™ ) {H4 T 0. 455~0. 512
Z 1], Na, {H4 0. 185~0. 207, J& TR IN A s LA £
(Na+K) ,<0.5(0.376~0. 479) BYFE 5, H Si {HH
6.354~6. 655, Mg/ ( Mg+Fe™ ) {4+ T 0. 437 ~0. 553
Z [8],Na, {E4 0. 129~0. 260, J& T35 38 £ N A7 ok 4556
[NA1(Leake et al. , 1997; Enami and Banno, 2000) .
2.5 f®KA

A R ARH A B AN R, U 3% ~5% , o i,
Z 5P IR ARAER, D BOH A FPRLIR o 5840 RHE
A1 URE 1 AT R L R G2 AU 24 B R i 2% v Rl LA

NI = RS, Holr E2A K AT (An=
33.67~40.88) ,K,0 F &AL (0. 10% ~0.29%) , H
i Or Ui 53 2H 53R 0.57~1.58 (K 4)
2.6 ERA

WA i S AR, AR 1%, 65
B IR o, AT P RRAS ] 14 7= AR 78 A DA o R 1Y
fifp 3R 4 w4 v 2 JHIOIR S A0t (TR 3E) 5 SR
ARECHCAR I 3 (18] 3) o MG A A —
ERMF &5 (0. 14% ~ 0. 26%, % 4) , 3% 1] fig %
W A 4T 5 R A A R U e B R A
K(BRIRTAE, 2006, 2009) o FUHE K AT 8T il
AT I GAE b KRR AR (CCSD) i e -
FE AR M 5 b /)RR A TE (16 55, 20065 5 404,
2006) .,

R4 BEREPRKO KKV RERAUERSWEFRUSTER w,/ %
Table 4 Representative microprobe mineral analyses of plagioclases, ilimenites and barites in garnet quartzite
VY] FHA Rk GifTre)
5 12100506 14031401 14031405 14031406 12100506 12100506
Si0, 58.38 58.63 58.58 59.72 0.00 0.03 0.00 0.06 0.89
Tio, 0.00 0.00 0.00 0.00 53.47 52.71 51.66 0.81 0.90
Al, O, 23.72 26.01 25.65 24.95 0.00 0.00 0.02 0.07 0.28
FeO 0. 00 0.08 0.08 0.05 44.73 45.83 45.69 0.12 0.77
MnO 0. 00 0. 00 0.00 0.00 0.35 0.45 0.23 0.00 0.08
MgO 0.00 0.00 0.00 0.00 0.41 0.22 0.21 0.08 0.20
CaO 8.09 7.82 7.37 6.83 0.00 0.00 0.00 0.00 0.05
Na, O 6.02 6. 88 7.36 7.31 0.00 0.08 0.00 0.03 0.25
K,0 0.14 0.24 0.15 0.19 0.02 0.02 0.00 0.07 0.07
F 0.26 0.14
BaO 62. 69 59. 66
S04 34.87 36.08
Total 96. 35 99. 66 99.19 99. 05 98.98 99. 34 97. 81 99. 00 99.37
Si 2.695 2.627 2.637 2.682 0. 000 0.001 0. 000 0.002 0.033
Ti 0. 000 0. 000 0. 000 0. 000 1.024 1. 006 1.002 0.023 0.025
Al 1.290 1.373 1.360 1.320 0. 000 0. 000 0.001 0.003 0.012
Fe?* 0. 000 0. 000 0. 000 0. 000 0.952 0.971 0.984 0. 004 0. 024
Mn 0. 000 0. 000 0. 000 0. 000 0.008 0.010 0. 005 0. 000 0.002
Mg 0. 000 0. 000 0. 000 0. 000 0.016 0.008 0.008 0. 005 0.011
Ca 0. 400 0.375 0.355 0.329 0. 000 0. 000 0. 000 0. 000 0.002
Na 0.539 0.598 0. 642 0.637 0. 000 0. 004 0. 000 0.002 0.018
K 0.008 0.014 0. 009 0.011 0.001 0.001 0. 000 0.003 0.003
F 0.031 0.016
Ba 0.933 0. 859
S 0.994 0.995
Or 0. 88 1.39 0.85 1. 12
Ab 56. 88 60. 57 63.83 65.21
An 42.24 38.04 35.32 33.67

Or Ab 22 An 235 RHC AT R A AT B KAy A KA 207
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2 Ju ok LR

2.7 AT BT

HERAR AL SR AR S v LRI 8 X
FEAE B B 28 T H oAy ke 2 v, Hor
HA AR BRAL P R FotR A8 2T €8, A 590 SR A UL 3R A R
IE s B A R, ANE W, 2 o F RBOEARIR,
B R AL ZE AR S A A AR R R 8 B A AR
TAREET (R4, W n PR S4Bk sk
TS U 4% 547 5 A R0 AR L R
BRIACY) LA R BB S U K A TR IR 2 o A rp R
il WU A B AEGR I (f, ) RS T JCR AT ]
HEATERT A I A 45 R (U5 2245, 2003 Ak IR
2005; MRAHSE, 2006; FRAESE, 2006; BRik T4,
2009) .

3 /R - TR A

AN AR T R 3 EaE A R Ak 27 1 40 1
B, AR SCR S TR & R 0 S R ARHS A2
AN A -FHS A (HbI-P1) #& EE 31 ( Holland and Blun-
dy, 1994) A1 - AN A -BHS - A9 (GH-
PQ) JE /11t (Dale et al. , 2000) M3t H FAE 8 = Ay
R AR B T A AT A (Grt) R )
TH(Wu, 2019 ) fil AR 2 55 A48 17 AR HT 00 BE A s )
Mk, AT A AN AR Fe' AR5 Holland F1
Blundy ( 1994) Dale %5 (2000) B 757 W8,
FUE TR TR S R | AR AR T FH A I B
JEF153 9124 667 ~710°C (HbI-P1) 0. 897 ~ 0. 947 GPa
(GHPQ) .1. 189~ 1. 279 GPa( Grt) , HL A5 45 5 il
15, iGARE AR EERANARMTAR

x5

A Bl S8 Tl K A OB %) TC SR R s B P 24 4% W K
i) BT ) Ay B U /> L TS S R 0 R i 44 | i A
F 5 2 A R SRR X AR AR e R T AR A SR R
B R 3 P U & 1) 1. 189 ~ 1. 279 GPa,,

4  FE4 U-Pb A0

R T A Bk 2 Fh T 0 48 B 97 T T RE
AT 5 B H AR MR 55 A PR 7 58 0, 8 S
i TR A AR S P K U T R SRS
R VR R B R 43 A A UKL, R EEH R AT
Phati, 1EPk i OB R ELAR M 1 B Uk
5805 Temora (FRIFEFE ) A 2 H A28 25 mm (1)
WER NG AR5 R L vl -2 B O I o
& T ERDE S SHE BB & 56 IR LUEAE
WEFT T . ke B 47 i SHRIMP U-Pb 43 #1276t
B TR oty SHRIMP 1T PR I 58 75 58 i
(9, TEZR BN 52 S B AP 0T 2 UL Williams (1998)
P B H] SL13 (572 Ma, 238x107°°) & TEM (417
Ma) {FAFRFES A T8 A7 U Th & 1 KA IE
FE S T, B 4343 224N 55 O A2 AR FE (TEM) 1
U, AT TIASCES A MR B T By v 1
YN ZE (%) U Th 1 Ph 5 35 Ry [l — I s 22 5 IR 4%
M AGSF- 2 (8, IR0 Ak B (AR R B 45 ol LU AT i
15 & 1 SQUID1. 03d( Ludwig, 2001) Al ISOPLOT
2. 94h ( Ludwig, 1999) 2 ¥, 4F @& 8 4, k H
Steiger & Jager(1977) #EXERI AR E R, X FAFRRE /)N
T 1 000 Ma A9 85 A7 0k, U-Pb [A] {0 3 4F % {H
J5H206Pb/238U ﬁzﬁ%\ﬁﬁo

BEESHTWEETHTEER

Table 5 Results of mineral thermomanometer in garnet quartzite

. UKL % EY AR g R E S
’ Si0, Ti0,  ALO;  FeO MnO MgO Ca0 Na,0  K,0 Hbl-Pl/°C GHPQ/GPa Grt/GPa

Grt  38.68 0.06 20.90 27.30 0.87 3.20 8.77 0.00 0.00

12100506  PI  58.38 0.00 23.72 0.00 0.00 0.00 8.09 6.02 0.14 710 0.904 1.279
Hbl  43.65 1.99 11.56  18.02  0.07 8.61 11.20 1.50 1.30
Grt  38.51 0.07 21.18 26.67 1.07 3.19 8.96 0.00 0.00

14031405 Pl 58.58 0.00 25.65 0.08 0.00 0.00 7.37 7.36 0.15 675 0.897 1.222
Hbl  42.70 1.54 12.56  18.22 0.12 8. 44 11.07 1.33 1.27
Grt  38.31 0.05 21.44 27.03 0.93 3.28 8. 66 0.00 0.00

14031406 Pl 59.72  0.00 24.95 0.05 0.00 0.00 6.83 7.31 0.19 667 0.947 1. 189
Hbl 43.13 1.84 12.26 17.06 0.09 8.86 11.05 1.6l 1.37

Grt Hbl PLAIMAER AR BN BHCAT, Gri-Hbl M i - I AR LT, GHPQ A A1 — A N —RH AT~ 3R 03T, G A A

KAt
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FHTARI I 2 R AR 9 A (FES 12100506 ) 2K H 5%
LB AT PE (115°1125. 9'E, 41°0'28. 6"N; [&]
2¢) , AU LT RAFLL A, - ARDRDIR AR 254
POkt & , 20 W AR A (402% ) T
(40x%) , WAL EMRKA (42%) AN A (6
+%) KR A (12%) WK (4% ) S Bk
ALY (5+%) 55,

B SHRIMP U-Pb 4F &0 5 23845 29 A~ i
a2 6) . MES AR I & SRS (K 5a) K
B, A PRI [R]RR 8)  A 0RE, — A B B A 15 )
AT ST Th/U {2 0.23~3. 81 (¥ KT 0.2),
HAT W A% W55, 8 A R B A, S A
WOk AL AR AR T 15 NI g A AR IR B EE . N E T
[P0 Ph/ >0 U A 14 B H ok 7, Ak 3R, Ol 485.5 ~
304.9 Ma, FEEFLE 369. 8 ~348. 8 Ma Z[H] (9 /4~
DALY L9 AN A A BT Y AE 3% 2 359. 4+3. 8 Ma
(Bl 5¢) o XA R 55 o5 0B A8 M 06 (R 22
JAEHE (29 355 Ma, fLIBSE, 20115 #IHi5F, 2013)
FEAR—F, XA 5 7R oy ST Y T R v i U et A )
1o | R e R BT A 78 A AR IV R 5 T B0

PO R D B A A AT S T R A D 2 v

R K il 320 2 ) ik WA e, DR X 32 2 SR ey A AR
(MR ZE) 2SI A T I 28 (AR B 2 T
485.5 Ma) HUHEJE AR, o5 —FP ok 228 o il IR 6 4, 4
FER R i o 078 o 1 A i OB AR B8 B RS A
(Z AR, TOERAT , 550 J0kE N 35 0 PR BE A
We/b 5 10 5k B B S B 0 5, H Th/U E AU,
0.05~0. 18, *Pb/?*U HW BRI/, S 277.0
~259.4 Ma( 14 AN A5 | 14 AN 5 B IIACE B4R 0%
h268.1+2.9 Ma( I8 5b) , ZAME N AR 55 1 R
v A e s = e R B (e R~ v e R e
TE ) B, AT BE -5 by S I 7 1 ol A= AR i 3 (b
A ) 1 EE AN op AR A G, Ak, R ER
TR J B 412 Ph/ U AR IS B 1 /MBS 304. 9 Ma
(A5 18. 1) B R A A B ER A S R F
304.9 Ma, B9 A IR -8 BT BRI 7E 340. 9 ~268. 1
Ma Z[f] .

5 he
MR B T 24 DL e G KT IR A

AL IR T BN LAE AT 05 R R
B, BRI 5 AL 2 B kA 7 £

IR ARG 5 0 B LA | S —Ab v — A e 72 o 7
Ho, B R RIS T AR E N,

PR 1) S 4L i s — o o AR 0 () i Bk AR A
RS — A, AL T 1 S-S5 AL— AR — - SR B i 1)
Jeinl, HLEsWidar R (B 1b) . PiE B PRl AR
— ¥ RN A ) 1 37 B A 0 AT TE M AR AR
A TRRFE A WG R T i S-S AL — AR I - SR W Aty
A A B R e B R R AR T (e IR AR AR
) BPTIRIEIE AR RO T 1 B R
JFr T B AN,

SEAL R R e R 9 5 i IR A AR A
b, P B — e, Sl -8 m R s
3T AR G ) R A R L1 AR T S e m 2 B
BT A AR (v et ) | e (AR AR IR
Y4 268 Ma, i A KRl il 2 DR A Bl U 6 2 5 ok
AR AR 5 TGV ) R A 1 = AR T R e
Z i BT A A (R et ) | (AR
AR 247 355 Ma (LB, 20115 #IATSE, 2013)
B A S RS B P PR L A AL
1o = 1 R AR A 5 AR IR AR A LT IR T A
[ P o P e e v AR T 2, I 22 oy S W 22 UK
sk TEDRAE R4, Hor ) R SR AR AR A BT
AN IRF e I I ] e A2 0 5 (2 355 Ma) | KIS DAVE
SRR IR 3, R A e AR BT AR FH AR A
SEAL R e — 8 5 AR e T s O o T DA
A A (£ 268 Ma) , LA Fifi i1 25 (%) ki 2% 1R S 7
T — I & A AR o s, H & A= v i — e e e A8 T
VERT BB ARRT AR, S5l o — B e TR AR 0 1Y)
B A W5 7 iy S D A e 2 A B 220, 76 S W e e
DR b A rp T REA Bl S B A AL

SEAL e R~ e H A 0 U (728 O AF % BT W R
)24 268 Ma 728 Jfi — 14 3t A1 | A6 3L B OR AT 40 R
AR T 5 3 30 Bl 0 3 T E 5 (R A R R AE B o
fIEE AT U-Ph 4E I3 N 24 269 Ma; M 75%5,2018)
I, BEACARAL BRARSE MY 24 268 Ma 753K 78 by i
AR AR RN 1% 5 oy S D R A i Ak A O, L R T
DN 1 B A0 P s B AT Z2 A0 2 B B R R

6 %5ie
(1) 37 % B 22 i TR — 4 o PR AR 2 o

BB T P A AR LS T TR 7 (1 1
SRR ) Z 0 B B i A T LU
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