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Whole-rock geochemistry and geochronology of meta-basic rocks from the
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Abstract: In this study, the whole-rock geochemistry and zircon U-Pb ages are reported for the meta-basic rocks of
the Li’eryu Formation of the South Liaohe Group from the cobalt exploration area in Kuandian. These data provide a
significant insight into the tectonic background, as well as the source of cobalt. Geochemical features of the meta-
basic rocks in boreholes show that they are orthorhombic amphibolite, and have similar rare-earth elements (REEs)
patterns, with slightly negative Eu anomalies. REEs and trace elements compositions have affinity to those of
E-MORB. Based on the mineral compositional analyses and p-¢ estimates using conventional geothermobarometers,
the clinopyroxene-bearing amphibolite (ZK2-1) records p-¢ conditions of p=0.82~1.00 GPa and t= 712~751°C,
which probably constrained the peak high amphibolites-facies stage. The metamorphic p-¢ conditions of (clinopyrox-
ene-bearing) amphibolite (ZK1-1 and ZK3-1) are p= 0.42~0. 81 GPa, t= 688~759°C and p=0.59~0. 85 GPa,
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t=703~739°C, respectively, which represent the conditions of the retrograde stage. The metamorphic zircon from
the meta-basic rocks yield the SHRIMP U-Pb ages of 1 857~1 850 Ma. The integrated study of geochemistry and
zircon U-Pb dating reveals that their protoliths of the meta-basic rocks are mid-Paleoproterozoic tholeiitic basalt and
formed in an extended tectonic environment. Their protoliths underwent significant crustal assimilation imply that
the scale of the mid-Paleoproterozoic oceanic basin may be limited. By comparing the geochemical characteristics of
meta-basic rocks in the North and South Liaohe groups, it is believed that meta-basic rocks in the Kuandian area are
not the main source of cobalt mineralization. The material sources of cobalt mineralization still needs further research.
Key words: meta-basic rocks; Kuandian area; Li’eryu Group; Paleoproterozoic; metamorphic events; cobalt min-
eralization
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Fig. 1 Regional geological map of the Liao-Ji belt (a, modified after Li et al. , 2005) and the Kuandian area (b, modified

after Liaoning Province Seventh Geological Brigade Co. , Ltd. , 2023)® which showing the distribution of Liaohe Group and

drilling locations
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Fig. 2 Microtexture photographs of meta-basic rock in the Kuandian area (a, b, d= crossed-polarized light, CPL;
¢, e= plane-polarized light, PPL; f= reflected light)
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Table 1 Major elements data of meta-basic rocks in Kuandian area

FESh Si0, TiO, Al O, Fe203T MnO MgO Ca0 Na, O K,0 P,04 LOI FeO K,0+Na,0 FeOT/MgO
ZK1-1 49.32  0.92 15.42 11.55 0.19 6.65 11.70 2.83 0.69 0.07 0.48 9.05 3.52 1.56
ZK1-2 48.20 0.86 13.98 11.30 0.18 8.55 12. 60 1.87 0.68 0. 06 0.97 8.96 2.55 1.19
7ZK2-1 48.58 0.86 14.34  11.20 0.18 7.96 12.10 2.06 0. 86 0.07 1.28 9.03 2.92 1.27
7ZK3-1 43.19 0.69 11.89  9.20 0.17 7.04 11.65 1.36 1.21 0.04 12.4 6.31 2.57 1.18
7ZK4-1 31.50 0.23 7.80 45.28 0.04 4.27 1.41 2.38 1.37 0.07 4.73 15.90 3.75 9.54
2 ZAWMRTEEERETERE w,/107
Table 2 Trace elements data of meta-basic rocks in Kuandian area
FEG Li Be Sc A" Cr Co Ni Cu 7Zn Ga Rb Sr Y Pb Zr Hf Nb Sn Ba La
ZK1-1 5.70 0.74 36.8 280 40.0 43.9 22.3 30.5 77.0 18.4 11.7 218 17.5 2.90 65.0 1.90 3.50 1.00 98.9 6.90
ZK1-2 9.30 0.44 38.1 296 600 45.3 71.9 40.1 79.0 16.1 21.8 213 16.0 2.80 53.0 1.60 2.90 1.00 98.6 6. 10
ZK2-1 14.4 0.57 41.3 314 410 47.9 52.9 40.1 78.0 16.2 39.2 246 16.7 3.60 60.0 1.70 3.20 0.90 110 6. 60
7ZK3-1 47.6 0.62 30.9 225 340 36.8 44.2 29.7 90.0 14.8 76.4 390 12.7 8.50 43.0 1.30 2.30 1.00 267 4.30
7ZK4-1 2.90 1.26 9.50 60.0 50.0 88.8 231 314 11.0 13.2 112 21.1 10.9 1.90 111 2.90 6.00 9.00 207 45. 80
e Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb TLu Ta TI Th U SREE EwEu® (La/Yb)y
ZK1-1  16.4 2.29 10.2 2.66 0.90 3.04 0.51 3.10 0.63 1.80 0.26 1.71 0.25 0.20 0.08 1.07 0.37 50.65 0.97 2.89
ZK1-2  15.2 2.02 9.30 2.34 0.79 2.89 0.46 2.90 0.58 1.63 0.23 1.39 0.21 0.20 0.13 0.69 0.29 46.04 0.93 3.15
7ZK2-1 15.6 2.19 9.90 2.68 0.92 2.99 0.51 3.14 0.62 1.86 0.27 1.58 0.25 0.20 0.19 0.93 0.27 49.11 0.99 3.00
7ZK3-1 10.8 1.53 7.30 2.03 0.65 2.16 0.35 2.26 0.47 1.43 0.19 1.24 0.18 0.10 0.43 0.74 0.18 34.89 0.95 2.49
7ZK4-1 78.0 7.54 25.1 3.47 0.68 2.38 0.34 1.85 0.38 1.06 0.16 1.04 0.16 0.40 0.19 8.27 0.92 167.96 0.72 31.59
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Fig. 3 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace earth element patterns spidergram of
meta-basic rocks from the Kuandian area (b) (data of chondrite, primitive mantle, N-MORB, E-MORB and OIB are after
Sun and McDonough, 1989)
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KAHHLL 100 ~ 150 pm S FE, WA LEG B, K
HoTE A RIS R A ECE KR A, DA BA
W—-h 4544 (I 6d ) 8 TRAFIE T PR % 20445 (€l 6b) .

ZK1-1; XHZFES 16 Pi4s A #3847 T SHRIMP
U-Pb EAE (3£ 5) ,16 DI PBE T 4 ANt
(%5 M5 R 1.2.5 F14) B A, Ha 12 4
D34 53 A AR TN BT (] Ta) o A3 AL
TR A T HE R 2 O 52 R 1 40 B0IK PR (0 34 )
AWK, EATH Th &5k 68x107°~266x107°, U &
I 258%x107° ~3 399%x 10°°, Th/U {H 4K N
0.04~0.09 ( B& ZK1-1-13 2} 0. 13) ,*"Ph/*™Pb i
AT 1 857.026.2 Ma~1 842, 2+4. 4 Ma ZJa], MIALF
PRI A 1 849.842.6 Ma(MSWD= 0.70, n= 12),

ZK1-2; AZAEsL T 16 s A 3 T 4F 16 N
B PBR T N ZK1-2-12 Ab, Higx 15 A F
WL BT (B 7b) . BT Th &8 66x107° ~431
x107°, U &80 E o 909x10° ~2 484x10°°, Th/U {&
R 0. 07 ~0. 18,2"Ph/*®Ph 4E #3251 T 1 849. 2+
4.1 Ma~1 859.3+4.8 Ma Z[0] (£ 5) , IIACEAER
91 853.5+2.6 Ma(MSWD=0.54, n= 15),

ZK3-1; XFIZFES 16 g A 31T T A4 24
R (FK5),16 DML PER T ZK3-1-3 B AN A,
HA 15 ARSI 0 A R R BT (& 7e) o BT
A AN S X AT AR & G 5 K A s K R
BRI A4S A LXK, EATAY Th & 52x107° ~ 469 x
10°°, 5FE 5 ZK1-1 1 ZK1-2 #H I, U & B34k, N
168 X 10°° ~ 992 x 10°°, Th/U fH % &5, A 0. 20 ~
0.55,*"Pb/* Pb 4R ALk 1 842.4+7.2 Ma~
1 86216 Ma Z[A], IIALF-X4F044 1 853. 6+4.3 Ma
(MSWD= 0.57, n= 15).

ZK4-1; XFIZFES T 20 Mk A g1 7 AR AR 24 I
(£ 5), Bk 5 N ZK4-1-04 . ZK4-1-08 , ZK4-1-09
7ZK4-1-11 ZK4-15 ZK4-1-16 F1 ZK4-1-17 (5 7 AIH
B HAY 13 AR Th F 58 44x107°~221x10°°,
U SRR A 356%x10°° ~897x10°°, Th/U {H 4K N
0.12~0.27,”"Pb/*Pb 4E AL 4L T 1 847.9+6.5 Ma
~1868+10 Ma Z[H], INALF- ¥ 4F- 1% Fy 1 857. 4+
3.9 Ma(MSWD = 0.70, n= 13), %4k, M &
ZK4-1-04 F1 ZK4-1-09 53 Hr 16 55 A 2% 5K (Bl 6d) , Al
RE R 4R AERAZ
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a (Na+K),=0.5 b Na+K),<0.5
1.0 . RN — e
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ik PRAEAAT| I i
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£ INA FRHE A 4325 i (a B b 35 Leake et al. , 1997; ¢ 3% Deer et al. , 1963)

Fig. 5 Diagrams for amphibole and plagioclase classification (a, b after Leake et al. , 1997; c after Deer et al. , 1963)

4 HHE
4.1 TEEENTRERRTREESME

GIPNCSBERTIE L tH i AP i el i ||
—DUBUE RUEAT T AARAIE ST H TR B 1
2.05~1.95 Ga(Luo et al. , 2004, 2008; X K5,
2015; X F4E4%, 2017, Wang et al. , 2017a, 2020,
Liu et al. , 2018) ,ZAZ IR ACIRE (£ 1.95~1. 85 Ga( 2=
WA 2003, Luo et al. , 2004, 2008; Li and Zhao,
2007 ; XIAEASE, 2015; Wang et al. , 2017a) , il it
X AL M 3 Y g A (4 22 R L R T RE AR L
) AR DL HEAT A2 B IS, 45 3] 5 J0 3 WAt
(EWHE JCID TR T LU ) — B £ p-t 1
0, LG 3 AR H Hh — R RRORL A A BT IR
1 870~1 840 Ma(Liu F L et al. , 2019) ; LV FiRRHKL
PRI KR A I 9 X B A5 B T B B TR A st
51 1 870~1 865 Ma F1 1 843 ~1 835 Ma, 53 %
XoF I T 00 e T s B AR A AR 45 i 235 TR % B AR ( Lia
F Letal., 2019) , TiA7 &I A 14 5 5 B A R 22
FiH AR B B A AR (TAILEE, 2007; HAH
%, 2012; Meng et al. , 2014; Yuan et al. , 2015;
Wang et al. , 2016; X|F-4£%5E ) 2017; Xu et al.
2018b; BRI, 2020) o B AR R LTI
AYFEVE S rh b A B B A AT AR AR AR R A, A5 B
~2.12 Ga/ ~2.13 Ga &5 fMAFHE (Wang et al. , 2016;
Xu et al., 2018b) Hl ~ 1. 88 Ga [ 7% i 4E #2 ( Xu
et al. , 2018b) , 7 57 1L ] Ff AR LR v AR
., RPEAESE(2017) dedt =R T M X A A AHE A TN

AT AR AR FH B ARAR A B A AR B e A
2.17~2.06 Ga, 2 BT CPRETE 1. 92~1. 83 Ga Z [H];
B A5 (2020) XF 55 ) 1 X LR I8 20 A8 TR v 3
P I 2 AT ARAR A ST, B R AR R
T 2. 17~2.03 Ga, RH A N A s 19 228 B ik 4G T LA
3 1.87~1.86 Ga,1.85~1.84 Ga Hl 1.79~1.78
Ga =B, 7340 1 FFES L 5% T 1. 29 Ga BY72
JTAFAY o A S8 X T fa) b IX 4 (AR B PR AR
Wi &% 41 ¥E 47 SHRIMP U-Pb & 4, 4 %l &
F7Ph/ X Ph 4EHE K 1 849.8+2.6 Ma 1 853.5+2.6
Ma .1 853.6+4.3 Ma 1 1 857.4+3.9 Ma, %W 4 14
FEahidsk TAER —BUNZE B4R R H 1. 86~ 1. 85 Ga,
WAL, T ) b DX AR B 5 2 5 a0 R T ek A5 (2020) 1)
IR A R, il sk 1 ool AR L 3 1 O (R B B
A AGAL AT B AR S T i B A B AT S R A o8 4 —
B AR A SR R AEAE 1. 29 Ga BFE LL 48 KRl 2
[ R R DT % S i s ) T

A TR H ATk 27 1o I 4 21 R
FINA —-FBHS A IR 3T (Holland and Blundy, 1994)
I INA - #BH A — A 9K 7131 ( Bhadra and Bhatta-
charya, 2007) 75 B RHS 1 [N A 19 728 Bt il e 25 4 WL
& 8, FE&Y ZK1-1 ZK1-2 ZK2-1 Fil ZK3-1 i iR
JEZA53 9K p=0.42~0. 81 GPa Fll 1=688~759°C |
p=0.27~0.54 GPa Fl = 621 ~ 696°C .p = 0. 82 ~
1.00 GPa il t=712~751°C .p=0.59~0. 85 GPa
t=703~739°C , 4 {FHE 545 2 A9 B A 7E—
2558 RSN ZK1-2 R ARHE AT B An {EURD B4R, T £
INATHY Ca 75 S AHXTEC R, 5 35005 21 A0 15 B AR G AR
(#53 H1<650°C ) AN, A INA -RHCA -A ik
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Fig. 6 Representative cathodoluminescence (CI) images and age data of zircon from meta-basic rocks in the Kuandian area

(the spots and ages are also shown)
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