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Abstract Late Paleoproterozoic khondalites of the Upper Wulashan Subgroup are well developed in the Daqingshan area, central
segment of the Khondalite Belt, western North China Craton. Early Paleoproterozoic metasedimentary rocks, named as the Daqingshan
supracrustal rocks, have recently been identified from the Upper Wulashan “Subgroup”. They underwent strong metamorphism and
anatexis, resulting in formation of Early Paleoproterozoic garnet granite. Hademengou is a typical area where, both the garnet-biotite
gneisses (the Daqingshan supracrustal rocks) and garnet granite ( Hademengou garnet granite) extensively occur. From garnet-biotite
gneiss, through anatectic garnet-biotite gneiss, to garnet granite, garnet grains increases both in content and size, whereas biotite is
getting less, with leucosomes becoming more abundant. Garnetite in the garnet granite is mainly composed of gamet with biotite, quartz
and plagioclase inclusions and contains rounded to elliptical zircon grains commonly with core-mantle-rim or core-rim textures. Detrital
cores recorded an age of ~2.5Ga, whereas the metamorphic zircon domains recorded ages of ~2.45Ga and ~1.90Ga, respectively.
The zircon grains are similar in shape, texture and age to those from the garnet-biotite gneiss, anatectic garnet-biotite gneiss and garnet
granite, but with the metamorphic age of the late Paleoproterozoic ( ~ 1.90Ga). Similar to the garnet-biotite gneiss and anatectic
garnel-biotite gneiss, the garnet granite is high in Al, O, content and FeO'/MgO ratio and has a large variation in CaO content and
K,0/Na,O ratio, characterized by enrichment of light REE and large ion lithophile elements and depletion of Nb, Ta, P and Ti.
Combined with early studies, main conclusions can be drawn as follows. 1) Garnet in the leucosome and garnet granite is formed by
dehydration melting of biotite (Bt + Qz + Pl—Grt + Kfs + Melt) , instead of being crystallized from magma; 2) the garnetite was formed
as a result of the migration, differentiation and accumulation of garnet during the formation and evolution of garnet granite magma; 3)
the Hademengou garnet granite occurs in a somewhat large scale and appears as a magma body, but it still shows anatetic features; 4)
the composition variations of the garnet granite are mainly due to differences of the source region and local variations of residual
minerals (mainly garnet and zircon).
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Fig. 1

Geological map of the Hademengou area, Daqingshan (after Ma et al. , 2012)

Also shown are the locations of samples in this study. Samples with SHRIMP dating ( Wan et al. , 2009 ; Dong et al. , 2014 ; this study) are shown

in italics
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Fig.2  Photos showing relationships of different geological
bodies in Hademengou

(a) garnet granite intruding the granulite of the Sanggan Group;
(b) granulite-facies meta-basic dyke occurring between the granulite
of the Sanggan Group and the anatectic garnet-biotite gneiss of the
Daqingshan supracrustal rocks
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Fig.3 Hademengou geological section and photos showing local outcrops in the section

(a, b) geological section; (c) relationship between garnet-biotite gneiss (d, NM0808 ), anatectic garnet-biotite gneiss (e, NM0807 ) and garnet
granite (f, NMO809) , Dong et al. (2014) carried out zircon dating on the three samples
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Fig. 4  Photos showing how garnet-biotite gneiss becomes
garnet granite via anatexis in Hademengou

(a) garnet-biotite gneiss cut by red syenogranite veins of the Late
Paleoproterozoic, Hademengou; ( b ) garnet-bearing leucosomes
sporadically occurring in garnet-biotite gneiss, Wulanbulang; (c¢)
oriented garnet-bearing leucosomes in  garnet-biotite  gneiss,
Hademengou; ( d ) semi-oriented garnet-bearing leucosomes in
garnet-biotite gneiss, Hademengou; (e) non-oriented garnet-bearing
leucosomes in garnet-biotite gneiss, Hademengou; (f) garnet granite
blocks and veins in garnet-biotite gneiss, Pingfanggou; (g) garnet-
biotite gneiss occurring as residuals in garnet granite, Hademengou;
(h) Hademengou garnet granite showing relatively homogenous
features, Hademengou
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Fig.5 Photos showing how gametite is formed via garnet
accumulation in Hademengou

(a) garnet granite showing a variation in garnet content,
Pingfanggou; (b) garnet locally concentrating in garnet granite,
Pingfanggou; (c) garnetite in garnet granite, Pingfanggou; (d)
garnetite in garnet granite, Pingfanggou; (e) garnet-bearing quartz
block in garnet granite, Hademengou; ( f) garnitite containing
quartz-rich band (NM1301) in garnet granite, Hademengou
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x1 BEVIEBEERERAEGE(NMI301)EH SHRIMP U-Ph i
Table 1 SHRIMP U-Pb data for zircons zircon from garnetite (NM1301) in Hademengou garnet granite

U Th Opp* 27pp* *7Ph *ph - err ZZZPI’ ?IZ Fh Disc.
SN0 06y (xi0-) U (qoney T *% mgs % myg t% o Age(ll\J/Ia) Ag;<l§fa> ()
LIM 656 54 0.08 246 0.1524 0.40 9.132 1.0 0.4345 0.96 0.92 2326 =19 2373 7
2.1IM 1006 16 0.02 395  0.1580 0.37 9.970 1.0 0.4574 0.96 0.93 2428 =+19 2434 6
3.1D 155 133 0.8 63 0.1658 0.64 10.84 1.3 0.4741 1.1 0.87 2502 23 2516 =11
3.2M 1158 43 0.04 464  0.1565 0.39 10.05 1.0 0.4657 0.94 0.92 2465 =19 2418 =7 -2
41D 139 8  0.66 50  0.1467 0.64 8.470 1.3 0.4188 1.2 0.87 2255 =22 2308 =1l
5.IM 1729 31002 694  0.1617 0.17 10.42 0.93 0.4674 0.91 0.98 2472 =19 2474 =3
6. 1M 1233 26 0.02 368  0.1167 0.26 5598 1.0 0.3478 0.97 0.97 1924 =16 1907 =5 -1
6.2M 1553 28 0.02 427 0.1153 0.25 5.092 0.95 0.3203 0.92 0.96 1791 =14 1885 +5 5
7.1D 177 96 0.56 70  0.1616 0.95 10.27 1.5 0.4612 1.1 0.76 2445 =22 2472 =16
8.IM 1928 16 0.0l 778  0.1627 0.16 10.54 0.92 0.4700 0.91 0.98 2483 19 2484 +3 0
9.1IM 1512 54 0.04 598 0.1556 0.21 9.874 0.95 0.4602 0.92 0.97 2441 19 2408 x4 -1
10.1M 1653 38 002 664  0.1597 0.18 10.30 0.93 0.4677 0.92 0.98 2473 19 2453 =3 -1
1L IM 448 23 0.05 186  0.1613 0.50 10.75 1.2 0.4835 1.1 0.92 2542 =24 2469 =8 -3
12.1M 2173 32002 69  0.1296 0.30 6.660 0.96 0.3727 0.91 0.95 2042 =16 2093 =5 2
13.1IM 403 32 008 156 0.1623 0.61 10.11 1.2 0.4517 0.99 0.85 2403 =20 2480 =10 3
14.1M 1210 11001 376  0.1276 0.30 6.368 0.99 0.3619 0.94 0.95 1991 16 2065 =5 4
I5. 1M 1692 21 0.0l 685  0.1610 0.64 10.47 1.1 0.4715 0.92 0.82 2490 =19 2466 =11 -1
16. 1M 1051 159 0.16 388  0.1537 0.31 9.090 1.2 0.4292 1.1 0.96 2302 =22 2387 x5
16.2M 1470 16 0.01 548  0.1563 0.22 9.352 0.95 0.4341 0.92 0.97 2324 =18 2416 =+ 4
17.1M 1183 32003 308  0.1170 0.35 4.890 0.99 0.3030 0.92 0.94 1706 =14 1912 =6 11
17.2M 875 13002 327  0.1357 0.38 8.133 1.0 0.4347 0.95 0.93 2327 =19 2173 =7 -7
18.1M 2082 368 0.18 761 0.1507 0.19 8.847 0.93 0.4257 0.91 0.98 2286 =18 2354 =3 3
19.1M 1478 53 0.04 580  0.1587 0.20 10.00 0.95 0.4570 0.92 0.98 2426 =19 2442 =3 1
20.1M 1905 23 0.0 798  0.1569 0.21 10.55 0.98 0.4876 0.95 0.98 2560 20 2423 x4 -6
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Fig.7 Concordia diagram of SHRIMP U-Pb data of zircon

from garnetite (NM1301) in Hademengou garnet granite
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WEAFTEAR K A2 4k (1885 ~2480Ma) , fift F 4y vty I oty A 5 391
M ST S8 IV T B I il o oty ety A0 00 A o 4 o 4
WA HTE 2354 ~2480Ma Z[A] (15 MBS ) , #8434
PR, 55ty oty A I 390 4% o/ R & i sl s AR B 6,
HEM AR FAF IS K2y 2. 45Ga, iy ooty (e A8 T 85 1 47 1%
KN 1.91Ga(6. IM) . — k|43 gy oo iy 1R T A A8 Jo s
AR IR K, T2PR b O IR G AR I8 sUAS 58 R E 4G A A AR IR
ToH R o

5 SRR EAT A RAE

W o RRE P AR A OB /] , SN L DREAR B A
RAEAE ROMBEHET Y FAEPWFEIIR S,
— PR AR O - O, KA, IR E , K& MR, d
A EAE I 75— Rl R ARG, A HLIN R Tk 2 ek
B H A/ H B A A HE AR (1 8a, b) o TRER(E
REBHERTESO-EEARD TSR WM
IR A AR AR R AR, SR AR AN HL DR R B A o 4R
BH . AR ARG R SR A SRR, # R
AT AR RS Letr o TR BRI HL3 b A7 4k
BB ATEOR T R B APRLRURHC A 5 A s 3R i
MR AR TSR (K 8, d) o R4 IER A H 4 1
A ORI SRR, A1 A A R A (T A LR < B (1

8e) , b (0 B B LSV AR (181 8E) , ¥ AR AR AN i W 47
Yy (ATREBRER W) , A Al AR Y (Wan et al. , 2009; Dong
et al. ,2014)

WAz RS BRI = s PR R A R e o, R
EEEED  BIRR OB R BN S, AR ATk
I A 1R LA A i (- YR A € R o RE T BB IR WL T R
PR BE, B 5376 R 55 9 AR A8 A 1) SO A OG5 A R A
R TR EE RS O AN A R AL R A BB R R E A, B
KA GBI, — 2o LT R K, — 2
A AT B AR R, AR ORHS A AR B AT, #r LABRE
mE e . A e FEE AR A R, 3 A D i 3
MEESRT Y, RO MBS #RIK(E 8g, h), 1
R AR BEAE O, A (L) ot 22 R 2 4, T BE D s
AR =)

6 ANFZEALS A HUER AL A FFAIE

A = R RS R = s O AR e i
77 E MEITRULM LIRS HRITETEA X %
eI G, I GE K BE N 2% ~ 8% , F + M B T & A
POEMS ICP-MS & , 53 HTE BEAF T 5% , 3446 [ 5 Hh o 55 3
W A 58 A

= Fr A Si0, (Al, O, Fl CaO & 43 51 61.41% ~
66.77% 15.24% ~17.95% F1 1. 42% ~3.79% , fH% 5 FeO"
(5.15% ~6.67% ) fik MgO (2.40% ~3.71% ), Na, O & &
(2.72% ~3.74% ) KF K,0 & (1.97% ~3.44% ) (F2),
Mt B (SREE) AR b A, 4 89.4 x107° ~314.2 x 107, 4%
fit e, (La/Yb) by 13.5 ~25. 6, % NM1005 EL.HH & 1F 46
S (Bw/Eu” =3.17) 4b, B R B B4 7% (Eu/Eu”
=0.75~1.32) (& 9a) . fEMEEITTEBKME I, Nb Ta P %
A ICRARXS T 45, B 5 St K Rb Ba & K& F R A TLH
(EI9b),

WIEH = R s 51 o B s 4 BURRE 2546, Si0, |
AL O, Fl CaO & & 43 Bl Ky 62.62% ~ 66.26% ,14.65% ~
17.63% F1 1. 14% ~1.74% , KX} FeO' (5.71% ~6.57% )
I MgO(2.41% ~2.63% ) ,{H Na, 0 1 K, 0 & A5k,
SR 2.43% ~4.47% 1 1.49% ~5.60% (2 2), Ftm
B (SREE) A8 {b A, Sk 148.7 x 107° ~427.1 x 10 ™%, NM0810
BREW LIREUYE, (La/Yh) (O 52.5, B — @R 5
H (Ew/Eu” =0.51) ; Foge WA E 5 52 3 A 1 40 B9 AR B AR X
55, (La/Yb) o 9.1 ~13.2, BBl B4 5 % (EwEu” =
0.82~0.94) ([ 9¢), 7EMEITHELEME L, &7 iR c#
Nb.Ta .P.Ti 5, K& F KA ILE St K. Rb.Ba & £ (A
9d) .

AATERK A SHTISE A M E BT R AR,
(AN Si0,, Si0, Al O, Fl CaO & 43 5K 64.95% ~
72.03% \13.66% ~17.71% il 1. 33% ~3.33% , fi%t 5 FeO"
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Bl AR URHS AT 5 A S IR TET 98 5 (o) AT AE R 8 , A AR A BURDHL R , B TR 6 8 5 B A WA S AR AR IR 75 ) i (B -TRAR
B RTEN NS () AR A LR A, AR O R A R EEER, BT (e ) Oala s AR OoR IR R & S, S oA mes
Py, T .+ ) A =) A BHRERIESS AR E R AR L . Bl-RR 2 BE; G- A7 s PLARHR AT 5 Qa1 38 Mi-RURHS A7 s OM- i W4

Fig.8 Petrographic photographs of rocks in Hademengou

(a, b) garet-biotite gneiss, garnet with inclusions of quartz, plagioclase and biotite which shows two different forms, Hademengou; (c, d) anatectic

garnet-biotite gneiss, biotite surrounding garnet and fine-grained microcline coexisting with quartz, Hademengou; (e) garnet granite, coarse-grained

garnet containing dark brown biotite, Hademengou; (f) garnet granite, dark brown biotite showing harbour shape, Hademengou; (g, h) garnetite,
coarse-grained garnet with high content and a small amount of quartz and metal mineral, Hademengou. ( + ) and ( — ) mean cross and plane polarized

light, respectively. Bt-biotite; Grt-garnet; Pl-plagioclase; Qz-quartz; Mi-microcline; OM-opaque mineral

(3.71% ~6.84% ) fit MgO (1.56% ~2.16% ) ,Na, 0 il K,0  ~37.8 f10.99 ~2.71;fii NM1006 I NM1019 5 4 # 1

SR RIN 2.34% ~4. 14% F10.84% ~5.16% (#£2). B  (La/Yb)H 1.6 ~5.2 NM1019 H.B] B 1F 453 (Ew/Eu” =
+EE(SREE) 5 75.4 x107° ~240. 1 x 10 ™°, = ANEEAL TR 5.73) (Bl 9e) . FEMEEITTRKMIE L, "% ICE Nb Ta P

R GRTMA AL, (La/Yb) (Fl Ew/Eu ™ 435008 12.9 Ti S, KBS 740K St K Rb Ba &4 (K 9f) .
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Fig. 9

chondrite-normalized REE patterns (a, c¢ and e) and MORB-normalized trace element diagrams (b, d and f) of rocks in

Hademengou ( normalization values after Sun and McDonough, 1989)
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IR SR AR b A B I B 2207 0 R g 18
[TAHX R IFSE S RFCIRAE b4 A T2 i R4 41 1 S RS0
MRz R B E WA DRI iR AR B T R 56, B4 M A 4E
b A T ) B — PR L AR T B s R DR
=AM A AL 2 8] 22 B L S RO AR B AT
T /N Sk RUBE o nl Sz A R mey il i b (1 3) , 3R W4
TEURTET 138 5 PALE N IR A0 AR A0 A8 B o ELA S -~ D st 1
Jit, SRR B IR IX . BRI = 7 s P R R
—ESERE R X B IS B AR R R A (O A L, B
1S58 = A bR 22 )3 S SR A G R, 5 LS 2 TR
DA — 8, K280 00T M LU S HL AR 8 Sk TR0
HETEAT Oy D 3t Y S R M G T, L0 R TR o I L
155, BT IR X0 (00 BT o B TR A P A I, 3R (2

PRI A7 ORI ZS |, S A7 PP R B ( McKenzie, 19875
Sawyer, 2001) o IR ERFN A —E LHIE, BAER A
+IRARY)) IR R A B R, I R BUR I SRR Y Z 18] 15
B A S AR o X — 1 REAE BT AP AR 18 B T
B 5 kA (RIEZR 5 ,2008 ) o F I 1) b S 73St 9 P o R
AL RS S RS LU AN R ZEAR R Rk
TR AN LIs RN S . INUBRCE SRR EE,
T R 5 0, 5% B IR = P R e A A AR A
FER E AR I 2), A S R B ANURRIE . IS 78T A A
LB R A T T A BERRORC A Z B R IOHUIRES 7=
TRATREE A I M B RS AR

AR AP ORI LB D5 THRFAE , DA A1 A8 0 AE B e P
AR AT A A AR AR A REE Y, 5 Jiao et al.
(2013) X4 - U i DXty TG oy AU £ 1 0 o 9 IS R IR
Fello AR E B BORRIE BE— 25 SCORF T —INR. B
A REENR, B - B0 25K, A7 AR R A A
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®2 WBETIHRERMRUFAER(EEBTE w% ;BLMMETE: x107°)

Table 2 Geochemical composition of rocks in Hademengou (major element: wt% ; trace element; x10°°)

(=T NMO0606 NMO0808 NM0908 NM1005 NM1028 NM1030 NMO0807
B R I I 5 R
Rbelim ol i EERER gy ki il W T
s sk N40°41'32", N40°41'38", N40°44'14", N40°43'8", N40°42'34", N40°41'52", N40°41'38",
E109°38"29" E109°3828" E109°48'19" E109°38'17" E109°4320" E109°43'15" E109°38"28"
Si0, 61.41 63.02 62.36 63. 83 66.77 64.57 66. 19
TiO, 1.01 0.82 0.71 1.01 0.62 0.71 0.42
Al, Oy 17.52 16. 81 17.95 15.30 15.24 15. 87 15. 67
Fe, 0, 2.26 0.79 0.43 1.74 0.75 1.45 0.26
FeO 4.39 4.94 5.14 5.10 4.47 3.99 6.34
FeO" 6.42 5.65 5.53 6.67 5.15 5.30 6.57
MnO 0.09 0.07 0.10 0. 09 0.07 0.10 0. 10
MgO 2.91 3.71 2.82 3.17 2.40 2.58 2.41
CaO 3.19 2.81 3.79 2.94 1.42 2.21 1.17
Na, O 3.60 3.74 3.34 2.72 3.03 3.42 2.55
K,O 1.97 2.19 2.03 2.50 3.44 2.68 4.08
P, 05 0.14 0.20 0.20 0.03 0.07 0.12 0. 08
H,0* 1. 44 0. 88 1.24 1. 00 0.90 1.44 0.42
CO, 0.25 0.34 0. 60 0.78 0. 60
Total 100. 18 99. 98 100. 45 100. 03 99. 96 99.74 99. 69
Cr 364 197 173 170 154 149 197
Ni 46 63
Sc 17 15 12 16 15 15 16
Rb 58 98 60 134 113 91 95
Ba 724 424 662 1005 984 871 1389
Sr 556 450 866 369 356 322 388
Nb 12.20 12. 00 11. 50 10. 00 8.41 12.30 4.16
Ta 0.85 0.72 0. 68 0.41 0.23 0. 69 0.17
Hf 6.52 5.94 5.40 8.62 4. 60 5.67 7.69
Zr 245 231 172 287 153 207 317
Y 18 19 17 8 17 19 28
Th 8.22 10. 6 15.7 2.97 7.18 9.59 5.55
U 0.59 1. 41 2.26 0.54 0. 65 2.08 0. 87
La 56.70 47.30 66. 80 23.00 40. 50 62. 10 35.00
Ce 107.0 105.0 140. 0 40. 00 79.30 104. 0 67. 40
Pr 12.20 11. 40 16. 10 3.99 8. 60 12. 50 6. 88
Nd 41.90 43.10 62. 60 13.40 30. 40 43.40 24.40
Sm 6.34 7.59 10. 40 1.79 4.76 6.34 4.34
Eu 2.60 1.65 2.19 1.71 1.68 1. 80 1.38
Gd 5.62 5.52 6. 65 1.45 3.65 4.72 4.68
Th 0. 64 0.76 0.79 0.20 0.59 0.72 0. 80
Dy 3.31 3.70 3.83 1.15 3.11 3.24 4.86
Ho 0.63 0. 65 0. 68 0.28 0. 60 0. 63 0.93
Er 1.96 1.85 1.90 0.92 1. 69 1. 84 2.61
Tm 0.28 0.26 0.27 0.15 0.23 0.25 0.37
Yb 1.95 1.70 1.72 1.12 1.36 1. 64 2.52
Lu 0.31 0.28 0.25 0.20 0.22 0.26 0.39
SREE 241. 4 230.8 314.2 89.36 176.7 243. 4 156. 6
(La/Yb) y 19. 15 18.33 25.58 13.53 19. 62 24.94 9.15

Euw/Eu” 1.32 0.75 0.76 3.17 1.2 0.97 0.94
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Continued Table 2
S NMO0810 NMO0905 NM0401 NMO0809 NM1006 NM1015 NM1019
e VRHR 2 DI 2 G
PRI IAC PEPEIE PATE[TIAPE 10km  RTETT] M]3 METE] I FRADLIE PG5 N
s N40°41'37", N40°41'17", N40°42'30", N40°41'38", N40°43'08", N40°42'34", N40°42'17",
E109°38'29" E£109°30'30" E109°38'34" E109°38'28" £109°38'17" E109°39'40” E109°40'56"
Si0, 62. 62 66. 26 64.95 72.03 70. 67 68. 43 66. 80
TiO, 0. 80 0.36 0. 37 0. 08 0. 06 0.38 1. 00
Al, O, 17. 63 14. 65 17.71 13. 81 13. 66 15.30 14. 90
Fe, 05 0. 08 1.08 0. 80 0.55 0. 88 0.73 1. 14
FeO 5.64 4.78 3.61 5.57 6. 05 3.05 3.32
FeO" 5.71 5.75 4.33 6. 07 6. 84 3.71 4.35
MnO 0.05 0. 08 0.04 0.12 0.17 0. 06 0.05
MgO 2.63 2.53 1.89 1.96 2.07 1. 56 2.16
Ca0 1. 14 1.74 3.33 1. 84 2.13 1.33 1.70
Na, O 2.43 4. 47 4.14 2.92 2.34 2.70 3.01
K,0 5.60 1.49 2.09 0. 84 1.33 5.16 4.21
P, 05 0. 05 0. 06 0.05 0. 06 0.04 0.09 0. 05
H,0* 1.20 1.48 0.74 0. 44 0. 14 0. 60 1. 10
CO, 0.43 0.09 0.09 0.34 0.09
Total 99. 87 99. 41 99. 81 100. 22 99. 63 99.73 99.53
Cr 174 194 126 146 125 79 145
Ni 52
Sc 17 11 10 12 34 11 11
Rb 141 31 67 13 34 122 128
Ba 927 248 556 192 417 1527 1099
Sr 396 380 533 291 244 429 332
Nb 13.90 5.68 4.79 0.48 0. 89 4.84 7.11
Ta 0.56 0.23 0.23 0. 08 0.11 0.24 0.18
Hf 7.47 4.82 3.65 7.18 23.00 5. 68 4.78
Zr 271 165 133 271 695 179 152
Y 17 18 26 20 83 15 17
Th 27.00 7.47 4.05 1. 46 4.28 17.30 1.24
U 1.47 0.76 0.28 0.49 1.30 1. 10 0.43
La 90. 10 34. 40 61.90 24. 80 37. 60 59. 10 20. 30
Ce 204.0 62. 30 97. 80 47. 60 66. 10 101.0 30. 70
Pr 21. 60 7.24 9.54 4.77 6.55 13. 00 2.82
Nd 80. 60 26. 50 29.90 16. 30 21. 40 46. 30 8.85
Sm 13. 00 4.48 3.83 2.99 4.23 7.34 1.18
Eu 1.77 1. 14 3.27 1.09 1.54 2.05 2.19
Gd 7.55 3.88 3.50 3.85 7.03 4.48 1. 15
Th 0.97 0.59 0.71 0.74 1.89 0. 65 0.22
Dy 3.88 3.47 4.68 4.47 15. 30 2.88 1.87
Ho 0.62 0.67 0.90 0.73 3.97 0.53 0.56
Er 1.55 1.85 2. 15 1.74 13. 50 1.39 2.21
Tm 0.18 0.25 0.30 0.22 2.21 0.16 0.36
Yb 1.13 1.72 1.58 1.27 15. 50 1.03 2.59
Lu 0.19 0.25 0.24 0.22 2.50 0.16 0.38
SREE 427. 1 148.7 220.3 110. 8 199.3 240. 1 75.38
(La/Yb) 52.52 13.17 25.81 12. 86 1. 60 37.80 5.16
Euw/Eu” 0.51 0.82 2.71 0.99 0.87 1.02 5.73
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RER A 85 A At oot AR R B A1, SR s R e R
TR 2 RS R 0 FE b e R B B A R IE e 2R L (R
Fi4%, 2012; Wan et al. , 2009; Dong et al. , 2014) , {E 4
ARELRP EHOREAORO AT BT RE RS
2 IR R/ NS 1) A0 48 A A6 1 o P Rk s o i 2
B8 TCE P AT 5 RAEACM AR A i 8T T8 41
WA AE A TP TR BT A B A R A B, S S IR A A
G54 5 AE, {2 Th/U FE AR ARAR ( < 0.1, Wan et al.,
2009) o XK A IS AR R ER]—E MBA BEIE AR %
EH AL B, TR TR A A A R E T RS A B TR
ER B RHE, 5 IEFRIERA S P e KB O TER K
Do ARAAR 2 b SRR 2 e JRR LA AR A AE B ik
HR AR S s A B 2.1 ~2.4Ga 4RI, Dong et al. (2014)
I EANTERZ T b ool RO AZ BV S e . AT
FEHAG 1. 91Ga B RS A AE 1, 20 3CFp T IX—IA

M = A SR = a TR R O e A,
RHA AR AT 2 R PERE WP BE I O TR G AR
RO RS PR AR o BT A, BRI SRR, A
WA RGO RSB AR DL A A2
BB AR R KA SR L o IR AR S T
PE TR AR B A o BESE I AR BE] TiX— M. f1
WA E TR A SRR, ZHIEN T RT 15%,
FR TR A A LR SRR A A6 B A R B IR
B P A SRR A I A B R AR AR R A A
(UK, T HAE IR S5 5% B (MRS ) 7 BOTR & WO RA B o

TERS R R EAETERY S IR BL T, T B A 3 iy 2 i h
Sil + Bt + Qz + PI—>Grt + Kfs + Melt( Patifio Douce and Johnston,
1991) SR, FEMSFET TV HL IR, VP20 = B IR PRI =
R TR AERY e, HEW BE AT BE Y S22 < Bt + Qz +
Pl—Grt + Kfs + Melt ( Vielzeuf and Montel, 1994) , {H75 71 &
IR , ANTE b IR MR — TR A A P 2o R 0 LA O3 A 0 A R I,
E—LGAE R = e Mo ALK A ek a S8R,
LRI, 2 W UR AV F AN 300 36 AL 1 S B o A mT RE S
Kok,

ARAAIER H S B RRE TR 2 7 CE i b ek
P UBURFAE B 1 2548), 55 AL O, 35 BEFT FeO'/MgO L1,
CaO LA K, 0/Na, O HUAEAF (ERCR B AL, B S 5040 AR
B TRAICER, 71 Nb Ta P A Ti, 3B T EA 1Y BN E
MIAKRIC R . 5 CBE) = R R R L, A A A K s Sio,
Frtd, Nb Ta Ti o5l SR, A AL a A S
LR R R AR B W R R AR AR (R 2 8]
9e, f) . CaO LA K,0/Na, O AL AT REAEAR KRR I
SRR AR G, IR A RIR G I F R R
Wl A AR 5 R Wea A R A, T A A
MO EEER L, a0 M DA HICRE 5
Dlo A NM1006 55 41 75 ik (Zr &) RO & B,
Loy R A, 1 FOR A A NMI019 SR AR A1 5 i
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A s EE bR A AT, L SRR, AR
AREAAAE 85 R E A L Fod . AR AR A AT e
KA 7 BOMERR [ AR o (LG A7, R R = B B
A5 ) B TSI ER Al 27 4 ROR 12 A PEAR KRR JEE
W eI R, RIS R REAK. XY
SRLA SRS i o0 5 | S M BR A 2 A A R 2 A ) AL D]
B fE—2eg2 sk b, — M B s R a B
B, — W O e R A R A RS R . X0 R
H AR AL A 2 S AL VR A R AN ) U DX
AR TRIE S AL TR A — R TR FE 7R 5 OG0

8 &g

(D) ERTE IS TE TR L X, K = Fr R e A A= ) iR T
R OMB TR, B0 A AL R A TR R B —FR T LT
TP E <t IR EL PEp iA=L M VR EY (R EEPnar e r S
R AR AR R RS SRR AR

(2) A AER S = ROCE FITRIERR = AR 1
ERAC-2 R AR RAR 2R 0, SR R MRS 12k A1 00
2, 5 Nb \Ta P A Tic A4 A0 46 RS B 1 2B IE7EAR
RS s i A gl o

(3) At e o A A 2k A% - - A5 4,
JEES A1 4F W~ 2.5Ga, AE RS A1 4F I O ~ 2.45Ga Al
~1.90Ga,

(4) R G819 A4 A0 A B e BAT — 8 SR L
B AFTER = 7 s F T A R BIF FURRLS Gk, BA S
FEATVEATIN AL 275 THRHIE R I AN LR 9 35 2R A
i HA RO U AR B e BRI

Bugt  FEAEE AT AR SR T | A IR B
A7 85 A BB R G REAE 5 ot T 0 R0 @ OR B SHRIMP {25 1F
WITAE, 85 AkrdE lan Williams 1 Lance Black $2fit; 5753
TR AR B AR SR AT 5L MR A AT 5L RSP AR T A AT
HHE 8 PO B0 5 R N 2 T B4R T R SR E ORI
TEM— IR T
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