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Fig. 1  Distribution of the intrusive rocks in the study area

1 = Early Permian medium-to fine-grained adamellite; 2 = Early Permian medium-grained muscovite syenogranite; 3 = Early Permian
graphic K-feldspar granite porphyry; 4 = Early Permian medium-grained biotite moyite; 5 = Early Permian fine—grained graphic moyite;

6 = Early Permian medium-grained syenogranite; 7 = Early Permian fine{ medium-) grained syenogranite; 8 = Early Permian medium-
grained biotite adamellite; 9 = Early Permian fine—grained porphyritic biotite adamellite; 10 = Early Permian medium—grained biotite
granodiorite; 11 = Early Permian fine-grained biotite granodiorite; 12 = Early Permian quartz monzodiorite; 13 = Late Carboniferous
biotite granodioritic porphyry; 14 = Late Carboniferous mylonitized amphibole adamellite; 15 = Late Carboniferous altered fine-grained
bojite; 16 = Late Carboniferous medium— to fine-grained biotite graphic granite; 17 = Late Carboniferous medium-grained biotite
adamellite; 18 = Late Carboniferous fine-grained biotite adamellite; 19 = Late Carboniferous fine-grained biotite granodiorite; 20 = Late

Carboniferous quartz diorite; 21 = Late Carboniferous diorite; 22 = fault; 23 = mylonite belt
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Table 1 Types and contents of accessory minerals in grey fine-grained bojite
s (& Shihet, X ENME)
s B i 5 & _ — ——— ——— ——
B A1 N s ek KA Bk w
Ciwv RZ3299 I 5,41 A I 47.3 X X 121.5 P
2
Table 2 Crystal forms of zircon from grey fine-grained bojite
5 A AE . :
s 5 E=ki i A
¢ ! i s | W& | K (mm) 0 e
Kemufmm | ) . o o [[ T ]|
Cah v RZ3299 {. T i#E 0.1~0.85, 221585101 K o
W 1 o
F L
) (HiK100(5)
3
Table 3 Isotopic ages for grey fine-grained bojite
(pel/g) ( Ma)
Pb U 206 Pb/238 U 207 Pb/235 U 207 Pb/206 Pb 206 Pb/238 U 207 Pb/235 U 207 Pb/ZOﬁ Pb

1 16 222 0.0491 0.3583 0.0529 309 311 326

2 8 102 0.0489 0.3623 0.0537 308 314 360

3 12 165 0.0492 0. 3486 0.0514 309 304 261

4 8 122 0.0489 0.3572 0.0530 308 310 329

5 8 106 0.0495 0.3485 0.0511 311 304 245

6 11 139 0.0503 0.3571 0.0515 316 310 262

7 13 194 0.0489 0.3404 0.0496 313 298 176

8 8 97 0.0485 0.3481 0.0521 305 303 289

9 7 103 0.0499 0.3525 0.0513 314 307 252

10 5 73 0.0479 0.3531 0.0534 302 307 347

11 4 61 0.0493 0.3632 0.0534 310 315 346

12 8 106 0.0493 0.3484 0.0513 310 304 254

13 4 51 0.0492 0.3597 0.0530 310 312 328

14 7 81 0.0500 0.3620 0.0525 315 314 307

15 3 45 0.0493 0.3398 0.0500 310 297 196

16 4 52 0.0487 0.3554 0.0529 306 309 326

17 4 56 0.0490 0.3560 0.0527 308 309 315

18 11 182 0.0484 0.3629 0.0544 305 314 388

19 10 124 0.0480 0.3593 0.0543 302 312 383

20 12 167 0.0491 0.3497 0.0517 309 304 270

o XRF4500
2~3%; Teflon

Finnigan MAT
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ICP-MS 0.5 x (1997) ° .
10” 5% o
4
U-Pb TW3299 U-Pb
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2 .05 1. lo
2 2.120  206Ph/238U (Mean) 309 +2Ma
R 95%; MSWD =0. 5 =0.96
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oo e'd U-b
01 03 033 N::w - Li: 37 (&1 o4l
2 U-b

5.1
4,
Si0, (wt%) 49.62%
Al O, 17.34% or + ab
+an +wo + di +fa + mt o
A/CNK=0.74<1.1 Chappell ~ White( 1974) °
“1” ; (o) 3. 64
K20 < Na20 (A.R) 1.
46 NK/A 0.42<0.9 ‘. QAPF
( 3) TW3299
(9 )o (DI) 38.54. (SI)
34.77 ; ( FL)
35.45. (MF) 53.94
o Mg"  (0.42)
5.2
5.
(SREE) 152.52 x10°
(2Ce/2Y) 2.36 (La/Yb) N 4.64 1
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Fig.3 Q-A-P¥ diagram for the Late Carboniferous intrusive
rocks ( after Streckeisen 1973; Le Maitre 1989)

1 = medium-grained biotite adamellite; 2 = fine—grained biotite
adamellite; 3 = fine—grained biotite granodiorite; 4 = fine-grained
diorite; 5 =fine—grained quartz diorite; 6 = fine-grained bojite; 7
= amphibole adamellite; 8 = biotite granodioritic porphyry. Q =
quartz; A = alkaline feldspar; P = plagioclase; 1la = quartzolite;
1b = quartzwich granite; 2 = alkaline granite; 3a = granite
( syenogranite) ; 3b = adamellite; 4 = granodiorite; 5 = tonalite;
6* -6 = alkaline feldspar syenite; 7* 7 = syenite; 8* 8 =
monzonite; 9* 9 = monzodiorite and monzogabbro; 10* 10 =
diorite gabbro and anorthosite. QA line represents alkaline

granite; QP line represents oceanic-sland plagiogranite
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Table 4 Petrochemical compositions and relevant parameters for the Late Carboniferous intrusive rocks
I I e # T oo AL RS E R (%)
] % HABW Si0, | TiO; |ALO; [Fe,05| FeO | MnO | MgO| CaO |NaO | K,0 | P2Os | B #| ¢
Coyon | 251 1 R K B PMO003GS22 |72.39( 0.27 |13.72| 1.09 | 1.24 [0.055| 0.56 | 1.41 | 4.56 | 3.69 | 0.13 | 0.82 | 99.93
PM003GS9 |68.93| 0.48 [14.65 1.44 | 1.53|0.074| 1.4 | 2.5 | 4.12|3.76 | 0.12| 0.89 | 99.89
CoyB™ | MR E =R ER S| GS2397 |77.51) 0.1 [11.24] 0.64 | 0.51 |0.033[ 0.17 | 0.43 | 3.79 | 4.34 |0.028| 0.46 | 99.25
| Canoi fRNAE KA GS2050 [76.99| 0.14 |12.21] 0.48 | 0.7 |0.025| 0.32 | 1.04 | 3.58 | 4.02 [0.081| 0.92 | 100.5
f Cayd B° 4l 2 = B GS2308 [73.77] 0.21(12.79] 0.95| 0.78 [ 0.038| 0.51 | 1.23 | 4.23 | 3.97 |0.058| 0.94 | 99.48
w®| AR RSy PMO003GS14(73.43| 0.21 |13.33| 1.02 | 0.39|0.031| 0.34 | 1.07 | 4.36 | 4.22 |0.045| 0.77 | 99.22
] 60" AN KA GS3086 | 69.9| 0.39|14.63| 1.26 | 1.35|0.058| 0.94 | 2.03 [ 4.21 [ 3.36| 0.1 | 1.66 | 99.89
. PMOM@GS! |64.31] 0.69 |15.06 2.05 | 2.2 |0.042| 2.49 | 1.7 | 6.41| 1.11 [ 0.19| 3.18 | 99.43
Crd EUE AR o
PMO003GS29|64.98) 0.38 |17.04| 1.82| 1.03|0.062] 0.76 | 1.16| 8.4 | 2.86|0.19| 1.2 | 99.88
Cahv ki I RS GS3299 [49.62| 1.44(17.34| 2.27| 5.88 | 0.15| 6.96 | 8.94 | 3.4 [ 1.51 | 0.26| 2.17 | 99.94
o 5 EEGET Y (ER% EEBH
Q |An|Ab| O | C | Di |Hy| I | Mt | Ap| o |AR| DI | SI | FL | MF | A/CNK| NK/A | Mg"
PMO003GS22 [30.89| 3.82 |35.74{21.87| 1.41| 0 |2.49|0.51|1.55[0.31(2.32| 3.4 [88.92| 5.03 | 85.4 0.98 | 0.84 |0.45
PMO003GS9 [26.83] 9.96 |30.38[ 22.3| 1.06| 0 [4.79]|0.91|1.91|0.29|2.39| 2.7 [81.04{11.43]75.92[67.96 0.95 | 0.74 |0.62
GS2397 |42.97| 0 [25.72|25.69| 1.55| 0 |0.59]0.19]0.77)|0.07| 1.92 | 4.71 |96.64| 1.8 |94.98/87.12| 0.96 | 0.97 |0.37
GS2050 |37.99| 4.86 | 30.4 |23.84| 0.2 | 0 |1.51]0.27| 0.7 | 0.19| 1.7 | 3.35|92.38| 3.52 |87.96|78.67| 1.00 | 0.84 |0.45
GS2308 |31.150 4.25(36.32{123.81] 0 |1.32|1.43| 0.4 | 1.16|0.14| 2.19| 3.82(91.32| 4.89 |86.96{77.23| 0.95 | 0.88 |0.54
PMO003GS14|29.63| 4.41 [37.49|25.34| 0 | 0.56| 1.11 | 0.41|0.95)|0.11| 2.42| 3.95|92.44| 3.29 |88.91(80.57| 0.98 | 0.88 |0.61
GS3086 |27.01| 9.59 [36.27/20.22| 0.63 | 0 |3.62]0.75| 1.67| 0.24| 2.13 | 2.67 | 83.46| 8.45 |78.58/73.52| 1.02 | 0.73 |0.55
PMO002GS1 |15.68 7.47(56.37| 6.82| 0.7 | 0 [8.43|1.36|2.71|0.46|2.65|2.63|78.82|/17.46/81.56(63.06| 1.02 | 0.78 |0.67
PM003GS29| 2.71 | 0.35[72.05/17.13] 0 | 3.4 | 1| |0.73]2.19|0.45| 5.77| 4.24|91.88| 5.11 |90.66/78.95| 0.89 | 0.99 |0.57
GS329%9  |29.63| 4.41 (37.49(25.34] 0 [0.56| 1.11 | 0.41)0.95|0.11 | 3.64 | 1.46 |38.54/34.77|35.45(53.94| 0.74 | 042 |0.68
5
Table 5 REE contents and relevant parameters for the Late Carboniferous intrusive rocks
"l ks U AT 5 Tl b
& La|Ce| Pr{Nd|Sm|Eu |[Gd | Tb | Dy |Ho | Er [Tm| Yb| Lu | Y
O Moz BE{E B (4 Ko BT 4 | PMO03XT22 |29.7| 55 |6.18/20.2]2.96/0.83|2.33|0.37(2.02{0.41[1.09| 0.2 |1.29| 0.2 |9.77
M AEREM M KB S| PM0O03XT9 [21.2|141.6|4.46]15.6| 2.7 |0.66] 2.1 [0.38(2.22|0.46| 1.3 |0.24|1.68|0.28(10.6
Cyf" MHEHNEZBERE XT2397 [40.1/62.3|9.76|34.3| 6.7 |0.21|5.57|1.08]6.17|1.21|3.32| 0.6 |3.73|0.59|34.5
C:no R K XT2050 [17.4|36.2|3.51|11.4]1.93|0.46{1.54|0.28| 1.64|0.33|0.94|0.16| 1.1 |0.16|9.04
'ﬁf XT2111  [22.2| 36 [3.85/11.8]1.82/0.53[1.57|0.26|1.38|0.28/0.79|0.14| 1.04|0.17|7.26
{i Caydf’ | B < BEIER IS XT2308 | 28 |36.7|4.63|15.2/2.32/0.66| 2 |0.33|1.86|0.38/1.06| 0.2 | 1.33|0.24|9.72
z PMOO03XT14 [25.1[38.6/5.47|18.5|3.14| 0.6 |2.45|0.44|2.46|0.51| 1.5 |0.28(1.86|0.29(10.4
Ciéo R e Ry XT3086 [21.4|50.5/5.07|19.4|3.65|1.05({3.03]0.59| 3.5 |0.72|1.86/|0.34|2.15|0.34|17.8
PMO02XT1 |15.9/36.4/5.07/21.3|4.81|1.26|/4.31|0.89|5.51]1.15(3.15|0.56| 3.5 |0.55(27.7
C2d Ak NS
PMO003 XT29 |56.4| 103 | 14 |52.3]9.62|1.77(7.55|1.38| 7.82|1.55/4.17/0.71| 4.4 | 0.66(37.3
Cathv 00 A (R R XT3299 |[18.5/43.8(6.73]|29.6|6.55|1.89(5.19]0.96|5.51|1.11|2.77|0.43|2.69|0.39|26.4
. (B
TREE T Ce XY LCe/LY 8§ Eu (La/Y® N | (La/Sm) N | (Gd/Yb) N
PMO03XT2-2 132.55 114.9 17.68 6.50 0.93 15.53 5.75 1.53
PMO03XT9 105.48 86.22 19.26 4.48 0.82 8.51 4.50 1.06
XT2397 210.14 153.4 56.77 2.70 0.1 7.25 3.43 1.26
XT2050 86.09 70.9 15.19 4.67 0.79 10.67 5.17 1.18
XT2111 89.09 76.2 12.89 5.91 0.94 14.38 7.00 1.28
XT2308 104.63 87.51 17.12 5.11 0.92 14.2 6.92 1.27
PMO03XT14 111.6 91.41 20.19 4.53 0.64 9.1 4.58 1.11
XT3086 131.4 101.1 30.33 3.33 0.94 6.71 3.36 1.19
PMO02XT] 132.06 84.74 47.32 1.79 0.83 3.06 1.90 1.04
PMO03XT29 302.63 237.1 65.54 3.62 0.61 8.64 3.36 1.45
XT3299 152.52 107.1 45.45 2.36 0.96 4.64 1.62 1.63
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Fig. 4  Chondrite-normalized REE distribution patterns for the

Late Carboniferous bojite diorite quartz diorite and granodiorite

5.3
\ 6. 5 . .
6
( 1976)
K Ba.Sr.Rb Fig. 5 Trace element spidergram for the Late Carboniferous
: Th : bojite diorite quartz diorite and granodiorite
6
Table 6 Trace element contents and relevant parameters for the Late Carboniferous intrusive rocks
— TESE (X109
5 Ao N (e BHAHW FE 5 - -
Rb Sr Ba Nb Ta Zr Hf Th v Cr Co Ni
| PMO03DG2-2 | 111] 168 [855] 12.7 | 1.7 | 203 | 5.7 | 121 | 258 | 1.3 | 2.7 | 1.3
Caydm B aBE N KBS
PMO03DGY |125| 138 [878| 13.7 | 2.7 | 195 | 4.5 | 11.6 | 253 | 6.1 | 3.0 | 1.1
P AR 2 R
Cry 8™ el ,_H Lfﬂ[% * DG2397 218| 24.2 [307| 23.5 1.2 156 | 4.0 | 19.8 | 222 1.9 2.3 3.2
1ER &
Conod |AEMEfLMMAERE_ICE| DG2050 |98.6] 119 |851( 9.8 13 | 872 | 1.5 | 119 | 17.0 | 41 | 23 | 1.3
e A DG2111 118 154 (895 11.7 | 2.1 | 90.5 | 1.2 | 124 | 289 | 5.5 | 2.5 | 1.3
WAt Coyap' | Ak ZRIER KRS DG2308 152| 159 [780| 9.9 1.3 | 141 | 42 | 13.1 | 260 2.6 | 45 | 1.3
PMO03DGI14 | 138| 112 |624| 159 | 2.2 | 189 | 33 | 13.0 | 376 | 23 | 3.6 | 3.0
C26 o B TR EE IR = DG3086 107| 197 [663] 13.2 | 1.5 | 260 | 7.9 | 10.6 | 36.6 | 52 | 5.4 | 5.6
. " PM002DG1 [28.2] 132 |121| 7.8 17 | 235 | 66 | 4.5 | 110 | 75.8 | 27.1 | 52.8
C2d ElRTAR R =T
PMO003GS29 [89.2] 299 |760| 18.8 | 2.8 | 324 | 10.1 | 12.7 | 434 | 1.0 | 56 | 7.5
Catf v 1 %% 17 (N B R DG3299  [37.0] 410 [243] 107 | 1.2 | 115 | 1.5 | 7.4 | 176 | 93.4 | 27.2 | 19.7
KB CEEE (B, 1976) 78 | 480 |[390| 19 1.6 | 130 | 1.5 | 5.8 | 103 | 140 | 25 89
- i o JLE AR (X100 EHESH
L s HARBW F : e
Se| K Ti P K* | Nb* | Se* | P* | Zr* | Ti* | K/Rb |Rb/Sr
- .. | PMO03DG2-2 | 2.5| 30619 (1619 344 | 3.14 | 0.20 | 0.32 | 0.22 | 3.55 | 0.25 | 275.8| 0.66
Cayém B e R N KRS
PMO03DGY | 2.9| 312002878 318 | 2.81 | 0.23 | 0.34 | 0.26 | 3.72 | 0.46 | 250.2| 0.90
o |RABRMELR iR
C.yB 1 _f‘ DG2397 3.3|36013(599| 74 | 3.56 | 0.30 | 0.03 | 0.04 | 1.79 | 0.04 | 165.5| 8.99
£
Canodp |BEEREILMMNAH Y DG2050 1.7 33357(839| 215 | 5.08 | 0.16 | 0.36 | 0.35 | 2.37 | 0.19 | 338.3| 0.83
A DG2111 2.2 33606 | 839| 162 | 3.50 | 0.18 | 0.46 | 0.28 | 2.81 | 0.20 | 284.1| 0.77
FA| Coy8f" | AR BRI DG2308 3.2 32943 (1259 154 | 3.94 | 0.15 | 0.43 | 0.13 | 3.73 | 0.24 | 216.7| 0.95
PMO03DG14 | 3.1 | 35017{1259) 119 | 3.37 | 0.23 | 0.28 | 0.11 | 4.11 | 0.17 | 254.5] 1.23
260" 411 R AT [R] He DG3086 3.3|27881(2338 265 | 3.57 | 0.24 | 0.40 | 0.14 | 4.26 | 0.26 | 260.6| 0.54
e PMO02DG1 [15.1] 9211 (4137 503 | 1.24 | 0.34 | 0.32 | 0.29 | 2.61 | 0.33 | 326.6| 0.21
Caé ik N s
PMO03GS29 | 7.6 | 237322278 503 1.37 | 0.28 | 0.27 | 0.15 | 2.17 | 0.10 | 266.1| 0.30
Cayp v &R A S DG3299 10.9] 12530 |8633] 689 | 1.93 | 0.36 | 0.76 | 0.56 | 0.94 | 0.56 | 338.6| 0.09
Kt b e o 3 E (BB, 1976) 18 | 17000 |6400( 1200
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Fig.7 R1-R2 diagram for the Late Carboniferous intrusive rocks

1 = medium-grained biotite adamellite; 2 = fine—grained biotite

( Presnall et al 2002) ’
30km

adamellite; 3 = fine—grained biotite granodiorite; 4 = fine-grained
quartz diorite; 5 = fine—grained diorite; 6 = biotite granodioritic

porphyry; 7 = amphibole adamellite; 8 = fine-grained bojite
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Table 7 Crystallization temperatures of quartz and plagioclase from the Late Carboniferous intrusive rocks

i 44 5 "% FfE5 A7 9 5 R JECT) FEASHRECT
) S ——————— PM003GS2-2 985.77 1048.55
Ciyén BB b A B
PMO03GS9 974.56 1073.90
CyB™ PR = B L B AE RS GS2397 1050.31 988.03
[ Canoy B EANGR KR GS2050 1049.97 1018.60
1 GS2308 1010.98 1027.15
; 1768 1K 28 5 B 1 1
" PMO03GS14 992.32 1027.65
L Cié0" o o A7 (N I GS3086 987.31 1077.18
s ; PMO02GSI 953.15 1114.83
C2é 4 A
PMO0O03GS29 816.51 1066.28
Caipy HiRE A R I GS3299 928.01 1205.76
HE/3 (3) 928C
1206°C;
10km
(4)
: 1:5
( L49E020015) . ( 149E020016) .
( 149E021015) ( LA9E021016) .
Th Ta ( L49E022015)
8 Hf /3-Th-Ta ( Wood D A. 1979) °
WPAB - E-MORB - N-MORB -
LAT - CAB - o
7
Fig. 8 Hf/3-Th-Ta discrimination diagram for tectonic
interpretation ( after Wood D A 1979)
WPAB = within-plate basalt; E-MORB = enrichment-type mid- j .
oceanic ridge basalt; N-MORB = depletion-type mid-oceanic 1998 87(2) :1-23.
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Age dating geochemistry and petrogenesis of the Arenshaobu gabbro
masses in the Wurinitu region northern Inner Mongolia

HE Hong-yun JU Wen—=xin Baoyinwuliji
( Inner Mongolia Institute of Geological Survey Hohhot 010020 Inner Mongolia China)

Abstract: The present paper deals in detail with the major element trace element and rare earth element
characteristics of the Arenshaobu gabbro masses in the Wurinitu region northern Inner Mongolia with the stress on
the petrogenesis origins of the primitive magmas and their geological implications. The Arenshaobu gabbro masses
have SiO, contents of 49.62 % Al,O, contents of 17.34 % CaO contents of 8.94% TiO, contents of 1.44%
and P,0; contents of 0.26% . The gabbro masses are enriched in LILE and depleted in HFSE. The higher Mg#
values (0.28 — 0.68 with an average of 0. 52) suggest the origin of the mantle-derived primitive basaltic magmas
with lower degrees of crystallization and differentiation during the ascending processes of the magmas. The zircon U-
Pb ages are dated at 309 = 2 Ma indicating that the crystallization ages of Arenshaobu gabbro masses may be
dated back to the Late Cretaceous. The crystallization temperatures are measured at 928°C for quartz and 1206°C
for plagioclase. The depths for the magmatic colling and mineral cocrystallization are more than 10 km and the
crystallization of the Arenshaobu gabbro masses occurred in the deeper-seated magma chambers. The continental—
margin arc geochemical signatures of the Arenshaobu gabbro masses have mirrored that the subduction replacement
and enrichment in the mantle source areas might have taken place prior to the formation of the magmas.

Key words: petrogenesis; zircon U-Pb age dating; gabbro; Arenshaobu; northern Inner Mongolia



