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Age and Nd-Hf isotopic characteristics of the Greenville monzogranite in the
Indian Head Range block, Newfoundland, Canada: New evidence for
block attributes and evolution

WANG Chao-yang, WANG Tao and ZHANG Ying-hui
(Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: The basement properties and crustal growth of the Humber belt of Newfoundland Island in the Appalachi-
an orogenic belt, Canada, have been the focus in recent years. In particular, the age composition and isotopic
characteristics of the Indian Head Range block in the southwestern part of Newfoundland are significant for dividing
and comparing the tectonic attributes of the regional basement. In this paper, the zircon U-Pb dating of the
monzogranite pluton in the Indian Head Range block shows that the pluton has a late Mesoproterozoic age (1 149 +

4 Ma), which provides new age evidence for the existence of the Greenville magmatic events in the block. The
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results of the Nd-Hf isotope study show that the éNd value of the monzogranite is —2. 3, the ¢Hf value varies from
+1.93 to +3.65, and the ¢, age ranges from 1. 84 to 1. 73 Ga. Combined with previous studies, the authors be-
lieve that three stages of granitic magmatic events of ~1.5 Ga, ~1.15 Ga, and ~1.0 Ga occurred in each block in
the Humber belt, which have similar Hf model ages, suggesting that they all originated from the reconstruction of
Paleoproterozoic juvenile crustal materials. The Greenville basement blocks in the Humber belt are all in-situ base-
ments, and have the same magmatic-tectonic evolution history with the eastern margin of the far end of Laurentian
continent. The results of this study provide new constraints on the affinity and crustal growth of the Greenwell base-
ment in the Humber belt, and provide a basis for the traceability and comparison of ancient micro-continents in the
Appalachian orogen.

Key words: Indian Head Range block; Appalachian orogenic belt; Grenvillian; Newfoundland Island; monzogran-
ite; zircon U-Pb dating; Nd-Hf isotope
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Je e G o th AN Rl AR P 28 22 1913 1L < I
PR R & B2 4k A 1K ( Dickin, 2004 ; Whitmeyer
and karlstrom, 2007) , — & ¥ F oo i QIR A A T7F
AU BT LR B2 38 1L P E S RS 1% B2 5 A1 (]
la; Rankin et al. , 1989; Tollo et al. , 2004) , X &k
LR A e A S I =R AL 55 =2 &[] 14 B 51 5C
BT SN (B 1a) , HHERTE— R VIR il
FETRZES, HRZIE5 TSR (1 190
~980 Ma) i A AT LA BRRL A AR Y S
JEEAE FH IR0 B L 2l 1y P e oy AR oy A=
PEA T K HE SCN 88 T B B 437 3230 3
LT R 2% B RS AR EUR B2 K5 - ( Rankin and Douglas,
1976) .,

PR 5 22 By T B L 3200 16 1Ly ) AR b
(B 1a) , SACRARTFHABMIX AR L, Z KR
J5 303 B SV 5 P A S BN AR TR A SR A T 5
e, LS AR AR OG0 3 LU FH A TR DR A7 A5 AR X
BEUF, RIS RV 1 1 A K el 7 I 1Ly
HPF A& o B4 AL I (van Staal et al., 1998,
2009; Hibbard et al. , 2006, 2007, 2010), 475 >=
Ve M AR R LIS % R Hh 8 i b %, R oo
AR A 1 O 0 7 P L7 32T 32 L 7
Humber 47 — F 9 M 38 e J2 b, Horp 40 45 L R
Long Range J:JiE (£ 8 500 km®) ARG #B Steel Moun-
tain FEJE (29 1 200 km®) & Indian Head Range F£JiE
(#980 km*) (¥ 1b.1c) ., HIABFFEIAY, JLERHaLR
0T 1080~980 Ma & 1 500 Ma (93 th Jj sz, i
52 XN iR, 125% T Pinwarian( 1.5 Ga) [
WP, Sz AR EUR A K B8 B &, It

— TN A Steel Mountain & i€ JL 5B 19 Corner Blook
Lake Hu2R o] BB &9 Humber 7 1 2% 22 KA E W 7=
A 1 S L I Mt ( Brem, 2007 ; Van Staal and Barr,
2012; Lin et al. , 2013) . JE4EE, FEAE R SHEAK
W R BT S A HR B BT S 4 E F T Corner Blook
Lake Hi He# il 22 % B, A N8 T A fE 108
(Hodgin et al. , 2021), 15 2Z #4B#Y Indian Head
Range HIHUFIRFHXT = | UG D a B IR LK iz
NABTEAE B W s 0 = N A e A R e B il e
JFE A AR 4 TE ( Allen, 2009; Hodgin et al. , 2021)
Hrf1, Hodgin 55 (2021) & H] LA-ICP-MS F1 TIMS %
G3ITEEAAR N IER AL R A MR S AR B 6 Bk rh kA
1 14327 Ma F11 136.30+0. 58 Ma %547 U-Pb 4F4#%
YT T 2%, b DORE B A MR R R I
T B JEL S Xof DXl R A 3 e 1 ) o A O
TR AAL 3 2 I S 1R A ATS e BE 22 A AR I i DA RR
T, AT EEMERA JE S 1% X AR AR T AL 1<) A R A B
R, P, ASCHERT AR RS b, X455 2 5 74
#F Humber 7 N Indian Head Range #it N 840
TARAEK AT T 8 A U-Pb K& Nd-Hf [Al0 Z 8752,
DUBITEARARAE St se AR KOJT IR A T 4155 24
UM AR IR T S PR £ LR A 2

1 DI 5 o b a5 R R A

AU S By L7 B2V 3 111 A 4 3K e SR ) 3 A 3
Wi 22— (Williams et al. , 1988) , Zi& ILAFICHE T
Flb A AR - A2 AR (515 ~ 275 Ma) B9 £ 10038 11 =R
P, — 2B 5 0 KPR e BT IT - A A5G 1)
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Fig. 1

Tectonic subdivision of the eastern North America (a, modified after Rankin and Douglas, 1976; Gower et al. , 1990;

Bartholomew and Lewis, 1992), Newfoundland Appalachian (b and ¢, modified after van Staal and Barr, 2012 and Hodgin
et al. , 2021) and regional geological map of Indian Head Range block (d, modified after Brem et al. , 2006)
BVBL—Baie Verte Brompton W47 ; CF—Cabot ¥7)Z; HRF—Humber River WiJZ; RIL—Red Indian 2854k
BVBL—Baie Verte Brompton Line; CF—Cabot Fault; HRF—Humber River Fault; RIL—Red Indian Line

WA S i A I T AL SE 578 KRG 5 X)L 4 R ki Y
PrE, BT B 75 JE W68 KBt (Wilson, 1966; van
Staal et al. , 1998, 2009; Nance et al. , 2008 ; Hibba-
rd et al. , 2010) o HI K155 2 By PG ) 2R K&k
43 R R 5548 KB Humber 771 Notre Dame WP LA K&
SEXIECA K BE Y Exploits P Gander F1 Avalon 7y ,
HH Notre Dame W75 Exploits MV 2 [A] LA Red In-
dian 854N, R T RVEHERI S (K 1b,
van Staal et al. , 1996; Fortey and Cocks, 2003 ; Har-
per et al. , 2009) ,

2175 2% B VSR AY Humber 7 32 % i vhoo (045

BRI B HC B I 1 e v ARG 9] - Bl 2 AR
ARV E R KL A 4H A ( Heaman et al. |, 2002) . Hif
HRAGHHC KB R A E Jw 1k, 5 & 5 8448
Bl B Rl % DA K i Bl 228 b %) B0 55 25 YD AH OG (Wil-
liams and Hiscott, 1987; Knight et al. , 1991; Wal-
dron et al. , 1998; Lavoie et al. , 2003) , Humber
PEHERIT Logan #4)1& £% 5 BT B2 47 32 51V #4) 1 Hij 2 3 A —
(I 1a, Hibbard et al. , 2006) , Z=+534 70 )&
BER S FNVT 2 AN 3% 2 0 4 5 A0 5 45 2 LY Baie
Verte Brompton Wi %474 ( BVBL) FrBR % (K 1c, van
Staal et al. , 1998; van der Velden et al. , 2004) , &
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TH RS AR BRI L, A N S AR AR R
T LU R O A R TR AR i R ECRT Rl 43 5 A8 T 1) AR
RSS2 1) A5 (K] 1e, Hatcher, 1984; Bar-
tholomew , 1984 ; Tollo et al. , 2004) , ‘I 1# Humber
River Wi 2 43 7 ( Williams, 1979; Cawood et al,
1994) , B L5 Steel Mountain )%, PLHALE )
Corner Brook Lake ¥ A183, J5# LA Indian Head
Range Hi3R Fll Long Range i3t Ry 3 (K 1c), H
Long Range Hubt 2l KU F A R s bR
BRI, K3 JfR e = s B 20 7 o Ak
P Bk T V) #) ( Williams, 1995; Heaman et al. |
2002), 1M Corner Brook Lake #fi £t % Indian Head
Range MBI A A A5 Z AL, 3228 HRRORL A AR A
ERINEA R IR I R B R e RHCE
DRI B RRE 4L A (18 1d, Williams and Cawood ,
1989; Cawood and van Gool, 1998; Allen, 2009)
ASCHFFE ) — K A8 54 A AR (K] 2a) £ F Indian
Head Range FEJRVPUILHES(E 1d), Long Gull #AR T .
VR T ol AN [ R T AL 3 1) TE A AE B
RAERK AR, PIE R W B R R OC R 1A

B HEFRNEE R B A 0T, 8RR
F 10 km?, ARNIEE E XA K E B N A
TR KB R B A R B A, Horp A A8 B B A AT UL
PR AR D2 R ER BRR A 5, ELAR IR 3 em
(B 2b) . i ARUTRUE AN A B 35 7616 5 0 Rk
HEIRZ b, AW B RHE S A
J R R BTG, HB R B T AL 3 1 A8 IR T
Y, wE s HAER A T W4 Z 18] (Cawood and Wil-
liams, 1988; Sung, 1992) ., AL K 1K K A HF i
(20NL15-1) 2k H 4155 % V4 F #B Humber i1 2% #h 3
W, Long Gull MR (I 1c.1d), 5 FiRETARIE
() IE R AL A AR A M SRR 1.2 km, A A KB
B, ELRERRAG 3 . 25 A B B £ 1k IR 5 - A
grfn,, BrpdukokResHe (18 2b) , EET MG N
RHEC A (30% ~35%) VB A (15% ~ 25%) | A1 3
(30%~35%) BB (10%) , BT YA 8 B K
A R Kb, RHRARETE 2~4 mm, KT
RO FRARLEAE 1~4 mm; SRR EAE 2
~4 mm; BABEEPER/AD, BN R
BHERATWZE (K 2¢.2d) .

KAER

500 pm ()

12 Indian Head Range it —KAERI A BN K (a b) BT IEF (e d)
Fig. 2 Representative photographs from the field (a, b)and microphotographs (¢, d) showing the petrographic features of the
monzogranite in the Indian Head Range block
PI—3H A Kis—# A Be—Ratk; Q—A%
Pl—plagioclase; Kfs—K-feldspar; Bt—Dbiotite; Q—quartz
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2.1 A U-Pb FEid R Hf FrE

ASCRE A 985 0 U-Pb 28 4F 76 v [ R 2 Be
Hi TR T A 400 AR DX 3 A S 3 = el R Ok
Sl okt — P SRR 5 4 B AR B3 A ( LA-ICPMS ) 58 B,
MR ES A Agilent 7900 7Y Ff B G 45 B 114 o 3%
I, et B AR R B ], R S
Hz, BOEHRBKEEA N 30 wm, BEEZE 2 J/cm’, it
AR LA E PRARAESS 1 91500 M A R kAT IRl 2%
FOMASIE, DL GI-1 MM E R, AR S 563 A v
FEM91500(1 061.5+3.2 Ma, 20) .GJ-1(604+3 Ma,
20) SRR TEA T & FE T BN S E — 2, R4
S 3 AT AL RV ECE AL By vk UL T AR (2019) , T
S5 8 I [ 2R LA FNAR I () 1R 22 39 7 20 KF, fH
PRI, LK R 91500 FREERYPh 5 548
REA A B U SRR, SEBC7Ph/ b 1122
FHXFEE A, #£ °Pb/?*U -4 5> Ph/*Ph 4 JE
AARFEBIEN T, %FT>1 000 Ma BAE S [FRE TR
PO Ph/ 25U AR F A A IR IR (R, 2015 ;
FEMEF, 2022)

BhiA HE [FALER S0 BOR B B e B Rk R A
B DT A0 ) 130 il 22 12 32 55 B8 ¥ T i ( LA-MC-
ICP-MS) 52 53k, e i3 i 74 554 Coherent
A PR Geolas HD, MC-ICP-MS #9524 Thermo
Fisher 2 7l 4 77 1Y Neptune Plus, S R R
He 1EA R BT, R0 BT A OEHMIL 2%
F| MC-ICP-MS ZHi5 Ar BA, WHIREG, #I0
AR 44 pm, TEANERBAE S5 R0 5 B 7 ]
ZWSCHk (Hu et al. , 2012) , 5087055 U-Pb @ 4E4)
B 8 O [ — 5 i B HE BT 30 s 7 58 3% A JE X6 1 1
—f, FEARYK I, B R S B B B T
Plesovice 91500 Al GJ-1 X 3 4™ Préh £ ife 5 52
FEb RIS 00T, Plesovice FHF #EATAMR R IE U —
HARA TR 25 J | 91500 1 GJ-1 7 %55 2 ke
Wy B R AL IE &, Plesovice (91500 F1 GJ-1 FZMHS
K& B (2SD) AT 0.000 020, R -5 HERA(E A 14
TERZEHEN—2, RHEPRE & Yb/HE [EHR
FE Temora 2 R W55 Yh/HE {E 8 A IR . VA
FRFEHEFA(EIE S % Zhang FIl Hu(2019) ,
2.2 &AENdREE

A2 Nd [R) 2 A BRI K A v L i 40 T

B A PR35 £\ 7R F 72 [E Thermo Fisher Scientific
3 HE] ) MC-ICP-MS 525, "“*Nd/ " Nd 8% F T35 Nd
By R MBI T+ (0.721 9, Lin et al. , 2016) . SEE
T FER IS Nd [R2 R FRFE (GSB 04-3258-2015 #l
AlfaNd ) Z [ 4 ARE G4 T 20 B o o0 A B0 d >k &
b IR A57 2 H 4l b B A 1so-Compass #1755 s Ak
( Zhang and Hu, 2019 ). GSB 04-3258-2015
BN/ Nd 4R 0. 512 440+6(2SD, n=
31) SHEFEE 0. 512 438 +6(2SD) 7F 15 2% 71 Bl ) —
2, FIAAAER AR PR RS I SR W% A T 08 2 3 A
kG BE Y Nd R ZR 50T, T 20 0 52 55 43 17 20 BR R
BHEAL PR L Li 45 (2017)

3 s

3.1 AT

AR SCEHL Indian Head Range J&JIE ALK A A
A AT T ES A CL BUECSRAETN U-Pb AEER IR DL S
£1 I Lu-HE R R A4, #8585 A FF 5 i 9]
W &IE(CL) R (B 3a) B, #iAZRFAHIE-A
TEHAR B IER, Fiie T 80~ 180 wm Z (0], HA
WIS A% 2548, T S KRR W s LB AR BT A
PRIRR R, AR5 R AR A5 A8 T A8 5 (AR 60 AR
SO S GBI EA TN s R e, KE
B 073 e KR (] 3a) , 454 HOM X A v 1)
Th/U {H>4 0.36~0. 70, R ARG HARES £
A U-Pb SEAFLER (£ 1 F 3b 3¢) B, 22 A
ST T ML LB, 2°Ph/ Pt U AR E A T
1 158~1 140 Ma Z[f], *Ph/?*U AL 2 4F #4114
71 149+4 Ma(MSWD=0.61), £IiZ KK A
W E KA T RE R E T 1 1494 Ma,
3.2 Nd-Hf EfiZE

AT AR AL B AR 20NL15-1 (1 Nd [R50
WA 55N . Sm/ Nd =0. 156 33, "“Nd/"“Nd =
0.512219, eNd(0)= -8.2, eNd(1)=~2.3, fo g =
-0.205 23, 1, =2. 46 Ga ,t,, =1.94 Ga (% Indian
Head Range ik — K AL < 2 45 fH AR IS t=1 149 Ma
D o A, ARSOET ATEALSE 24 5 Humber 5 P4
Hoo AR LR T R4S B9 Nd-Hf [R] & ( Owen et
al. , 1992; Dickin, 2004; Allen, 2009), {i JFI4H Al
SR AT T BT, DIIFER—RE X
DAL JE 1 b e T 5 R A A5 38 S fin 4 T AR, 11
45 R 7R Long Range HiHRINZY 1.5 Ga BYAERI T R
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Fig. 3 CL images (a), LA-ICP-MS zircon U-Pb concordia diagram (b) and the weighted average **Ph/**U ages (¢) for

zircons in the monzogranite of the Indian Head Range block

% 1 Indian Head Range #3R— K K& LA-ICP-MS U-Pb EEHHTER
Table 1 LA-ICP-MS zircon U-Pb dating data of the monzogranite in the Indian Head Range block

[R5 % Ho A AEHY/ Ma AN
206[’1)/238U 20 207Ph/235U 20 207Ph/206Pb 20 206Ph/238U 20 207Ph/235U 20 207Pb/206Pb 20 ]}f/%

K Th U Th/U

20NL15-1-01  70.9 141.9 0.50 0.1950 0.0029 2.1170 0.0560 0.0786 0.0024 1148 15 1150 18 1134 62 -1
20NL15-1-02  118.8  265.8 0.45 0.1955 0.0027 2.0980 0.0490 0.0779 0.0019 1151 15 1155 16 1126 50 -2
20NL15-1-03  130.4  298.5 0.44 0.1947 0.0025 2.1290 0.0430 0.0789 0.0017 1147 13 1155 15 1156 45 1

20NL15-1-04  57.7 84.6 0. 68 0.1936 0.0031 2.1100 0.0990 0.0811 0.0040 1140 17 1143 33 1140 100 0
20NL15-1-05  43.1 67.6 0.64 0.1969 0.0046 2.1640 0.0910 0.0785 0.0033 1158 25 1163 29 1123 86 -3
20NL15-1-06  42.0 60.0 0.70 0.1946 0.0034 2.0860 0.0810 0.0782 0.0035 1145 18 1138 28 1093 94 -5
20NL15-1-07  38.6 105.6 0.37 0.1969 0.0043 2.1650 0.0760 0.0787 0.0029 1158 23 1164 25 1152 79 -1
20NL15-1-08  25.2 52.3 0.48 0.1937 0.0031 2.0690 0.0750 0.0779 0.0030 1140 17 1129 25 1095 80 -4
20NL15-1-09 122.7  257.7 0.48 0.1959 0.0027 2.1200 0.0590 0.0779 0.0022 1153 15 1151 19 1126 56 -2
20NL15-1-10  47.1 114.1 0.41 0.1949 0.0033 2.116 0 0.0620 0.0790 0.0026 1147 18 1154 20 1156 65 1

20NL15-1-11  38.5 73.4 0.52 0.1946 0.0030 2.1230 0.0720 0.0787 0.0030 1146 16 1149 24 1132 76 -1
20NL15-1-12  23.6 58.4 0. 40 0.1940 0.0031 2.1850 0.0820 0.0821 0.0033 1142 17 1165 28 1190 82 4
20NL15-1-13  43.5 99.8 0.44 0.1943 0.0026 2.1510 0.0610 0.0794 0.0024 1144 14 1162 19 1167 59 2
20NL15-1-14  49.8 102.3 0.49 0.1962 0.0031 2.1400 0.0740 0.0792 0.0030 1154 16 1158 23 1136 76 -2
20NL15-1-15  59.6 110.1 0.54 0.1968 0.0030 2.1260 0.0630 0.0772 0.0024 1157 16 1155 20 1114 62 -4
20NL15-1-16  58.4 161.8 0.36 0.1940 0.0032 2.1100 0.0610 0.0782 0.0024 1142 17 1147 20 1 140 62 0
20NL15-1-17  59.4 113.1 0.53 0.1939 0.0028 2.0890 0.0580 0.0782 0.0023 1142 15 1139 19 1113 59 -3
20NL15-1-18  65.0 123.5 0.53 0.1966 0.0037 2.1230 0.0620 0.0776 0.0026 1156 20 1152 20 1121 65 -3
20NL15-1-19  73.5 165.0 0.45 0.1965 0.0035 2.2080 0.0670 0.0810 0.0026 1156 19 1179 20 1195 70 3

20NL15-1-20  38.7 92.6 0.42 0.1948 0.0029 2.1310 0.0670 0.0794 0.0027 1147 16 1153 21 1144 69 0
20NL15-1-21  78.8 136.3 0.58 0.1969 0.0026 2.1410 0.0570 0.0781 0.0022 1158 14 1157 18 1129 57 -3
20NL15-1-22  60.1 113.2 0.53 0.1970 0.0025 2.1490 0.0580 0.0786 0.0024 1158 14 1159 19 1132 62 -2
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2R eNd (HRECTLARI WA, 73500 T-2.5~+
2.3 Fl+3.2~+5.0 Z[E), H ¢, 57514 2.24~1.85 Ga
M11.78~1.63 Ga; MMZJ 1.0 Ga BIFERITUEARRY eNd 14
ATF-1.6~1.2 ZJa], t,y, £ 1.78~1.55 Ga ],

TERS AT U-Pb & A YA B, X il 45 2R v

PR A AR EE /N T 5% 190 s #R AT T AL Lu-HE
[FIAERoHr. orirai 2R (3% 2) o #Efn b eHE
fER+1.93~+3.65, /T 5 4 Hu b 5 BROR B 47 8 4L
LR ME], AR R AR AR I DML T g, 1H 23900
1.58~1.52 Ga f11.84 ~1.73 Ga,

% 2 Indian Head Range iR — KK ERHEA Lu-Hf JiRE R
Table 2 Zircon Lu-Hf data for the monzogranite in the Indian Head Range block

AR

B t/Ma %2 oyp/1TTHE - OLu/1HE TOHE/TTHE #20 Hf; eHi(1)  #lo  ipy/Ga xlo ipp/Ga  zlo
BE/ %
20NLI15-1-01 1 148 15 -1 0.019 682  0.000761  0.282 130 0.000008 0.28211 +2.13 0.29 1.57 0.01 1.83 0.0l
20NL15-1-02 1151 15 -2 0.018700 0.000761  0.282 171 0.000010 0.28215 +3.65 0.35 1.52 0.0l 1.73 0.0l
20NL15-1-03 1147 13 1 0.022 677 0.000876  0.282 148 0.000009 0.28213 +2.67 0.31 1.55 0.01 1.79 0.0l
20NL15-1-04 1 140 17 0 0.030 012 0.001 132 0.282 154 0.000009 0.28213 +2.51 0.33 1.55 0.01 1.80 0.0l
20NL15-1-05 1158 25 -3 0.020 592  0.000 808  0.282 152 0.000 008 0.282 13 +3.09 0.28 1.54 0.0l 1.77 0.0l
20NL15-1-06 1 145 18 -5 0.023503  0.000867 0.282 132 0.000009 0.28211 +2.05 0.31 ~ 1.57 0.0l 1.83 0.0l
20NL15-1-07 1158 23 -1 0.021422  0.000792  0.282 144 0.000009 0.28213 +2.84 0.32 1.55 0.01 1.79 0.0l
20NL15-1-08 1 140 17 -4 0.013184 0.000493  0.282125 0.000009 0.28211 +1.98 0.32 1.57 0.0l 1.83 0.0l
20NL15-1-09 1153 15 -2 0.023778 0.000882 0.282162 0.000011 0.28214 +3.28 0.37 1.53 0.0l 1.76 0.0l
20NLI5-1-10 1 147 18 1 0.018 801  0.000 690  0.282 124 0.000009 0.28211 +1.93 0.32 1.58 0.01 1.84 0.0l
20NL15-1-11 1 146 16 -1 0.020 709  0.000 738  0.282 166 0.000 010 0.282 15 +3.39 0.34 1.52 0.0l 1.75 0.0l
20NLI5-1-12 1 142 17 4 0.016 897  0.000 612  0.282 143 0.000009 0.282 13 +2.59 0.32 1.55 0.01 1.79 0.0l
20NLI5-1-13 1 144 14 2 0.018404  0.000 694  0.282 149  0.000009 0.28213 +2.75 0.30 1.54 0.01 1.79 0.0l
20NL15-1-14 1154 16 -2 0.018114 0.000681  0.282 143 0.000009 0.28213 +2.78 0.30 1.55 0.0l 1.79 0.0l
20NL15-1-15 1157 16 -4 0.026134 0.000949 0.282 145 0.000009 0.28213 +2.73 0.32 1.56 0.0l 1.80 0.0l
20NLI15-1-16 1 142 17 0 0.017973  0.000 655  0.282 132 0.000009 0.28212 +2.15 0.32 1.56 0.01 1.82 0.0l
20NL15-1-17 1142 15 -3 0.022 187 0.000 788 ~ 0.282 135 0.000009 0.28212 +2.15 0.31 1.57 0.01 1.82 0.0l
20NL15-1-18 1 156 20 -3 0.028 511  0.001 006 0.282 158 0.000010 0.282 14 +3.10 0.33 1.54 0.01 1.77 0.0l
20NL15-1-19 1156 19 3 0.021 071  0.000777  0.282 147 0.000009 0.28213 +2.90 0.32 1.55 0.01 1.79 0.0l
20NL15-1-20 1147 16 0 0.016 417 0.000 603  0.282 148 0.000 009 0.282 14 +2.88 0.31 1.54 0.01 1.78 0.0l
20NL15-1-21 1158 14 A3 0.027 761  0.000 982  0.282 169 0.000010 0.28215 +3.57 0.34 1.53 0.0l 1.74 0.0l
20NLI15-1-22 1158 14 -2 0.025319 0.000894 0.282 146 0.000009 0.28213 +2.81 0.31 1.56 0.0l 1.79 0.0l
1997 ; Heaman et al. , 2004) ; J&#& LLAE < iz A4

4 g Ho, B2 BV AR R 7 1L O 9 5 0 (Heaman e

4.1 ZAZ =13 Humber HiREREGFFERFEREE
WF5E X 4125 2% 15 V5 %8 Humber 7 525 46 4 0T 2
A FE 5 A FE AN B9 Long Range , Indian Head
Lange bt DA K2 Y3554 #¥) Corner Brook Lake Hii:R
RAEZIEEA IS AT S, 832 BT
BRI, HAEMCAD S I T 405 22 B N
A AQHE LA A W 55 A X S (van Staal et al.
2007, 2009; Van Staal and Barr, 2012), Hij AG#E i
XFAtHE Long Range PNAE < BT B e 28 164 T Y T4 AR
FRAETE, OB A% 22 B U HE Humber 47 518 19 &
AR AT LIRS 1 530~1 466 Ma F1 1 032
~985 Ma Wi, FiI# R RS 2 0] LS <8 X Hi A 41 2
FUEEAL 52 1) Pinwarian A 4 (1 510~ 1 450 Ma)
AHIRHR ( Tucker and Gower, 1994; Wasteneys et al. |

al. , 2002) . MiEEPHY Corner Brook Lake Hii3R kA
ML TF 1 549~1 510 Ma( Currie et al. , 1992; Ca-
wood et al. , 1996; Lin et al. , 2013) , [RIREAH{LIAYAR
1 & BRAENR UL 1Y Indian Head Range HiBILH A E
BEAR A BRA 1 (Allen, 2009)  fEAFERRYZ, 7E In-
dian Head Range Hidk I B AN A 55 9 F fi i 240
WA B A AR IR W (H LAZY 1. 15 Ga BT, B2
29 1.50 Ga UEMHE, A 27 A0 5L XUAL Y #4185
Yrnl R TR o3 WUV IR 7, O 4 B 2 Je o Y3
(R BT U (Allen, 2009) , EAFR, Bl K B
Z SR U-Pb A RAE A B LR, X
BN R BF SIS T —E R, B0, Hodgin
% (2021) 7£ Indian Head Range Mt F1 Corner Blook
Lake Hb 3 N AE i) 25 kORI IE b 8 v 43 0 4645 T
1 136.30+0. 58 Ma Fl1 1 138.39+0. 98 Ma %5 A1
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TIMS 4E#%, B RATHE 7R A A R M R AAAEM R HE MR 0 35 R R R i, S AT T
MRBUR A 0 F 4 B9 I ( Brem, 2007; Van Staal — HA AR X BR il AT BAFE A BAT B 4 A 38 7 1
and Barr, 2012; Lin et al. , 2013) , {Hizdbse S H, ACEFES R BR, ZKARK S SRR T
APRTCHAEAR AR IR T B0 2 AR PR 2, 1 14924 Ma, $FHH T IXIRZY 1. 15 Ga M3 R 11
JUHJE Indian Head Range Mokt . BT AN ABEAERD  f74E, RIWFSEIX Indian Head Lange il FARAE 7
AT RIERAE K A RE (B1752) oM B, JOB BT ooty AU (29 1. 15 Ga) , ZMIBR A
AP S KRBT AR 2 2 1.0 Ga R R AN EEARSE SR Z AW a4t T
AF1.55~1.07 Ma By 2885 A W4 (Hodgin et al. , U5,
2021) o AL B A1 BN N S 5 R A2 A% AR R R ZE XA AT TR (K 4), ATLLE
AL ), X RE AR SCHE A AR BT Humber 47 N BEIE /D AEFEIEINI N 24 1. 50 Ga 1. 15
T W R B A — 3 R A CL MR Ga M2y 1.0 Ga 1 3 WA H 1, ILoh, WY
TR Z B A KT AR IR 2EZW K, Hik, fF Corner Brook Lake b 3R A1 4k 47 Y Indian Head
NZ MR AR AL b A ATy i Z RS A AR R 20T Range MIHUAEIEIE R AL, BTV HAT Pinwarian &
ARSCHEIH) Indian Head Lange #8k “AAERG T JEFAF KA bROBUR I B 55 98 — 4 3 ST R D R AL
OO Z KBNS, Rk EWRNEGAE  WTLIREUS IR Long Range MM AR XA i
K3y, 45 A AR A9 Th/U {H(0.36~0.70), A Pinware HURAHZ L,

v W #9015 Gafl ik =
Grenvillian ] : A =1
5 W £91.15 Ga¥Hg E
FORG it l-----‘
al Pinwarian 1] Flé
g
= E
\ S E
= S £
E,{ 3t ;*; iz |
h " 3
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T [ —
2r E
E
1

L 1 1
1000 1200 1400 1600 Pinware it Long Range  Comner Brook  Indian Head
i/ Ma {Labrador) Tk Lake Hit Rangehi b

Pl 4 Humber 7 BEIRHBERRE S AR08 53 A BT IE] (a) RIS AR KRB A A SR MR AE IS XS LRI [ b, 4 Heaman 55 (2004)
A Lin 45(2013) &0, HRRIMER TR K, BEAAFRLRST) ]
Fig. 4 Histogram showing age patterns of basement samples in the Humber zone (a) and geochronological summary and comparison
to adjacent margin of eastern Laurentia (b, modified after Heaman et al. , 2004 and Lin et al. , 2013; the cross represents granitic

magmatic event, and the slash represents metamorphic event)

4.2 AFZ=Z=RBERMB/RERNMTEEWL (8t e AR A Bz 22 A I6 i AR LA Bk R X

FEARIBR I LAl A AR IS E 2l ol —rh 0, AR T oy o S0 ) 49 A 380 55 48 O il 9 4 2 I
JUA AR AL, I B M AR md 7 B WA AR R R R, M R R Long Range itk Jf-5 @b e
s, ek T e AR OT I AR SF R R L A TU AR BRI, AC IR AR I b A 1 il
75344 (Hoffman, 1989 ; Rivers, 1997; Karlstrom et 4547 ( Dickin, 2004) . WRETHTIR, A SCE X 1T A
al., 2001) , FAGEAEXTAZE 2 5 PUEE Humber 4 A9 Nd AR Bl IE4T TEBTR, 45921 8R, F5
Long Range HbHe N AE i< A 41 1) Nd [6] 467 ZAF5E, X Humber 7 PN LK M B A 5 5T A 1) M 78 A K 1
AN Long Range MR T LA At ag oo dr AR 2R W el A8, oo R e D isas 32, He
JCiAUHTE TS, 20 0 S R RS AREUR A R S FeA R TRE T A BR (1] 5a) .
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Fig. 5 Whole rock eNd(¢)-t(a) and zircon eHf(t)-2(b) diagrams for the basement samples in the Humber zone

R 85 6 AR 5T R 0, Lu-Hf [F 47 2 HAA 8
1o 1) B PR, 5 S N R 2 AH L, 32 5 1A 2R A
VL A AR S s/, % JE 3] Humber Hy
PRI A 5 3 26 I3 T R A — £ DA 2 A 1 X35
A5 5 AE A ( Williams and Cawood, 1989; Cawood et
al. , 1996) , #5471 Lu-Hf [A 4 X T-28 i i wlF 5% X
BTG 2% 1 5 D7 5 10 A B AT B A 0 48 s AR H
Indian Head Range 2&JiK 24 1 500 Ma #1295 1 150 Ma
HA R A I Long Range FEJFE N2 1 000 Ma 197
TRIX 3 W25 K B HE {505 A +5. 00 ~ +9. 36,
+1.93~+3. 65 fl-0. 63 ~+4. 83 (K 5b, AL K%
Allen, 2009) , FARIGAF 77 45 Mg 5 BRR A i fb
gz i), AN AL CAE S ¢, THAT 0 1.90 ~1. 64
Ga(“F-HME HJ 1.79 Ga) \1.84~1.73 Ga(FHIH K
1.81 Ga) 1 1.81~1.74 Ga(F-¥I{E N 1.77 Ga) [ 1]
PEASC T Allen (2009) HATIFHE ], H eHf (HYS
Humber $ G088 UURUA Tl A5 1% HE R4 2 {8 1) 3
fhiasAH—3% (& 5b, Allen, 2009) . 254 HARLHY
AEA A R IE DA S DI B AME e R, FRATIAH
2113524 1% Humber 47 N 3 B 48 b i 2008 S 420k B
T oo CH A YT, 435248 Pinwarian 1 11
HALI K Grenvillian 1 1124 H A9 Shawinigan (1
190~1 140) A1 Ottanwan (1 090~ 1 020 Ma) i¥315¢
P FE,
4.3 XiEENX

TCH AR ARG 1 AT R 4 3R A% R B IR R
A FE R AR B A TR B B ) ( Torsvik, 1996; Scotese,
2009) , ot fR-rhoTd AR, b3 57 R Rk AR

AL TG s KB & R, fEeRan 1
Labradorian(1 680 ~1 660 Ma) . Pinwarian ( 1 500 ~
1 450 Ma) # Elzevirian (1 240 ~1 220 Ma) (1) 3 #]1&
I, 500 i AH DG Y 85 a6 1 SIAE B L I8 BICRT
UG TURRE AE B) 57 e 0, IR 1 57 18 KEL Y
SEPREA K (Rivers, 1997 ; Whitmeyer and Karlstrom,
2007 ; Hynes and Rivers, 2010) , #H5C A4 A= 444 A
FFAE I P4 P A — EAE AR 3 7 % 4 Bl ( Condie,
2013; Roberts et al. , 2013) . FiiJ5 B9AS AROBLR 3 L
YEF (1 085~985 Ma) 455 1 33 B 540 b 5 i 1 5¢
AR KIS ], JFAE S 2 e KRG PR
PO L NS PO (oWl BN E - SRS DN iRl R 2
18 Bl — B 2 F 5 3 — B2, Al 11 BE A A AR RUR
BN LT AT KA 3 AR T | b S 4 A R
ARFAEH (1 190~1 140 Ma A9 Shawinigan # .1 090 ~
1 020 Ma i) Ottawan HF1 1 010 ~980 Ma ¥ Rigolet
M ; Rivers, 1997; Gower and Krogh, 2002; Keppie et
al. , 2003; J& 445, 2008; Loewy et al. , 2015)
BEJS , RIS IR AN 2R S 2T 2 e W K il
FRARAA 120 R AR BT L i B2 0 L kP Bt o ol T
TR SEI AT IR, JF LUR B RN & R 0 R AE
(van Staal and Barr, 2012) ,

TR A5 2% 5 ] B2 7 32 WP 3 117 Humber 7
WZER LT T rh ool AR AR R T2 s I 8 F B HG
A T AR M I — R Bl 42 57 48 K Rl A A -1 B
NGUURUZ T, HEL I b P 0 47 08 41 0 [l 67 2% R
TESE B TR PR 7R 5 7S R T At 5 20 ) 3 o ) O B
HI A, IR ER 7 R BT R] 43 S i F A i
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W, AT O R E R, AT LA P BB AR I 1A
MR 1548 A R ( Gower and Krogh, 2002) , J&
Y Py R DR AN A3 (IS N RE S
TH R a2 S5 5548 IR i ] 1) ~F- 5% 4 R 1) ( Bond et
al. , 1984 Cawood et al. , 2001) , F©1F P f5 7E 38 4
BN 5746 KBl WY E] 28 5 1 4 0] °F- # ( Hatcher, 2002;
Hatcher et al., 2007; Brem, 2007; Lin et al.,
2013) , AR A K455 % 5 Humber 7 N Indian
Head Range ik — K 4K & 2 (185 A1 U-Pb ARG 4F
FAREN], HARIERUT 1 14924 Ma, il NAF
TEAS AR R I3 IR TR A IESE . 45810 A
WFFE AR, Ui 7E Humber 7 7 35 225 JiS Hb B Py K747
FHNERAE 12 47AE Shawinigan W53 1G5, X5
FHE IR BN SR vy |2 AEAE ) Shawinigan B 75 3K
1% sl AH— 2 ( Karabinos et al. , 2008) , ZW A H14
BN R INE 25 H P & S A 19 72 4 ( Gower and
Krogh, 2002; Cawood and Pisarevsky, 2017) , Nd-Hf
A RESR T, BNAERBIRA 1.5 Ga 29 1. 15
Ga . Z 1.0 Ga 1 3 WA BAT ALY Rl 3% 1
s, RUTENERIE Tt oo (O8 A4 Hi e 9
Bi, R REE IR SOE AR . A SRS
A 2R 7 T s 1IN R A A A ik i — 2K
PE, #E—2PESE RS T Humber 47 N A& PR EUZR
SENEHES Homber River W2 HAT 1 20 70 A 19 ¢
fiE F3 A IR AR, BT 57 48 Bt S AR
PRI G A — BN S - E K D, KA FETEN
SRS B AR FE K . Humber 7 P36 BT (4R AR 2%
AR A AT K ) 67 2R B Sy ] 2 o 320 325 s N
B R IR R A TR

IR SCHE A X N KA1 95 24 &) Humber 7 P4 B 35
Indian Head Range $AK 1) — K AL #1985 41 U-Pb
AEAR 2R Nd-HE [FI7 Z 05T, W14 0 A0 R LS 45
.

(1) ZRKAE B A5 A Ph/ > U AR 24 4F 1§
{HA 1 149+4 Ma, fCRIZEREALAFR, Pk
HAEFEAS MR R LA S AR TR i . 456
XIRAECABESE , AN Humber # A H 2 1.5 Ga 4
1. 15 Ga 129 1.0 Ga I¥ 3 7K A 2 FAF,

(2) Z KA A2 eNd (1) H(-2.3) Filgh:
1 eHf(¢)fH(+1.93 ~+3.65) 7~ , Humber 7 N Hi

R T et RO A e W B, 73l Z4d Pinwar-
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