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Abstract: There are numerous mafic rocks e.g., gabbro, diabase, basalt, pillow basalt, fumarolic— amygdaloidal basalt, in the
Dahongshan area, Suizhou City, northern Hubei Province. They are mainly in the form of block structurally mixed in a set of clastic
rock, characterized by mélange of exotic blocks and matrix strata, suggesting a typical orogenic belt. The mafic rocks from
Dahongshan area show the features of tholeiite series, and are geochemically enriched in incompatible elements such as Rb, Ba, K,
Th and U and depleted in high field strength elements such as Nb and Ta, similar to features of island arc basalts. Nevertheless, the
features of flat REE patterns (ZLREE/ZHREE=1.41—4.48, Lax/Ybx=0.76—4.79, Zr/Y=2.65—5.38 and Ti/V=29.19—54.97) are the
same as features of mid—ocean ridge basalt. Therefore, the geochemical signatures and regional geological characteristics show that
these mafic rocks should be part of MORB—like/ fore—arc basalts, formed along intra—ocean arc where the subduction—initiation
happened. Their parent magma was produced by the nascent depleted MORB mantle and interacted with the contribution of fluids
from the slab sinking plate with decompression melting. The basalts from Nanfengya and Lulinzhai yielded LA—ICP—MS U-Pb
zircon ages of (816.6+£7.6) Ma (MSWD=0.47) and (813.1+£4.8) Ma (MSWD=0.37) respectively, interpreted as their crystallization
age. Combined with the previous research results of gabbro in Yangjiapeng (947 Ma), pillow basalt in Changhe (824 Ma), and
diabase in Luling (820 Ma), it is held that mass mafic rocks were formed in Jinningian period (817—947 Ma) in the Dahongshan
area. They may be the products of multi—stage intra—ocean subduction. The discrimination of Jinningian ore—arc/ MORB—like
basalt in the Dahongshan suggests that it experienced a certain scale of ocean—ocean to ocean—continent subduction and orogeny
between Yangtze block and Tongbai—Dabie block in Jinningian period, and the two blocks might have been aggregated together in
late Qingbaikou period.

Key words: Dahongshan area; northern Hubei Province; Jinningian; geochemistry; zircons U—Pb dating; MORB—like basalt; intra—
ocean arc ; subduction orogeny ; geological survey engineering
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Fig.1 The geological sketch map of Dahongshan area
(Locations and results of zircons U-Pb dating in the map after Shi et al., 2007; Hu Zhengxiang et al., 2015a, 2017;
Liao Mingfang et al., 2016; Xu et al., 2016; Chen Chao et al., 2017a, b, 2018)
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Fig.2 Field photos of the subduction accretionary complex and mafic rocks in Dahongshan
a—Synclinal overturned fold developed in the sandstone in Changhe; b—M¢lange in Nanfengya composed of basalt, fuchsia siliceous

argillaceous rock and dolomite; c— Silty argillaceous thrust up to the gabbro, and tectonic lenses developed between them in the Guankouya;
d—Basic volcanic rock mass mixed in the sericite slate in Guankouya; e—Strong foliated doleritic vein developed in the siliceous band dolomite in
Luojiaju; f—~Amygdaloidal basalts outcropped in the north of Luojiaju; g—Pillow basalts outcrop in Changhe; h—Pillow basalts outcrop in the west of
Yaojiachong
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a— R AR K oM AT Ry ARl A8 U T AT AT, RH AT FEAPORS L W2 (+) s b—2 GRIANE A A T R MR 4R 4514
WA TEABERYA TR (=) s o ARSI - A DR LG A A3, S8 T 2N T iRAT (+) s d—T TTROIR 2R HDRLZE 4 (+) 5
Am—FINAT, Aug—EHil #E AT, Ce— i fift 7, Chl—4 847 , PI—RH A
Fig.3 Photomicrographs of the mafic rocks in Dahongshan
a—Pyroxenes altered into amphibole and chlorite locally, and plagioclases basically replaced by clay minerals in the gabbro in Guankouya (+);
b—The diabasic structure in the diabase in Luojiaju, where pyroxene is basically replaced by chlorite (—); c—Almond texture of Changhe basalt, with

the filling materials being mainly calcite (+); d—Pillow basalt of Changhe with intergranular texture (+); Am—Amphibole, Aug—Augite, Cc—Calcite,
Chl—Chlorite, PI-Plagioclase
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Table 1 Mayor elements (%) and trace elements (10°°) compositions of the mafic rocks in Dahongshan area

ez D5017-2 D5017-4 D5017-9 D5018-4 D5019-2 D5020-2 D5021-4 PM02/10-2 PMO02/13-1 PMO02/15-1 D4021-7 D5071-1 Z
o — ki
Tobed Tl T ’

pa WK TR T

Si0, 48.50 54.45 45.95 45.16 46.47 45.96 40.00 46.05 49.86 46.86 44.68 49.94 0.05

TiO, 2.10 3.55 2.09 1.80 2.49 2.61 2.25 2.09 2.76 3.05 2.93 2.94 0.02

AlLO; 14.51 13.38 16.88 15.54 12.89 18.52 17.84 14.17 13.23 12.62 12.49 13.54 0.02

Fe,Os 3.75 9.76 2.09 3.25 6.42 3.45 3.32 4.00 4.68 5.38 6.58 4.48 0.02

FeO 6.00 2.80 8.40 7.35 7.30 10.15 12.25 8.25 9.45 8.55 7.6 8.75 0.02

MnO 0.12 0.01 0.10 0.17 0.16 0.10 0.14 0.10 0.04 0.20 0.26 0.09 0.02

MgO 3.61 4.81 7.19 4.14 3.77 4.44 6.88 6.40 8.90 6.25 3.90 6.81 0.02

CaO 6.93 1.31 4.06 8.21 7.23 2.61 4.07 5.49 1.08 5.66 7.53 2.66 0.02

Na,O 2.45 0.77 3.68 2.27 3.06 3.25 2.40 2.90 2.05 2.69 3.34 0.07 0.02

K,O 2.32 4.15 1.22 1.78 1.57 1.73 1.05 1.31 1.25 1.59 1.46 3.32 0.03

P,Os 0.39 0.82 0.35 0.42 0.46 0.46 0.40 0.28 0.64 0.32 0.56 0.75 0.02

LOI 8.26 3.73 6.83 8.96 7.18 5.41 8.16 7.87 4.85 5.70 7.66 5.52 0.02

Mg“ 40.71 42.52 55.49 41.82 33.94 37.42 44.58 49.04 53.73 45.42 33.96 48.72 -

Sc 37.97 39.33 40.54 27.02 33.88 44.54 49.69 39.84 31.83 39.73 33.73 32.73 0.5
\% 352 438 353 244 397 404 362 386 361 441 394 344 2
Cr 148.3 26.24 219.6 77.41 27.80 215.9 230.1 104.40 12.20 45.36 30.51 11.03 2

Co 45.92 58.40 65.35 3491 41.77 71.79 48.40 46.98 38.20 41.72 31.08 28.81 0.04

Ni 68.86 45.98 77.39 19.44 15.90 61.79 65.40 47.10 13.25 23.80 16.04 6.77 1

/n 119 151 181 103 129 152 184 155 123 126 - 145 1

Rb 36.57 69.15 17.90 30.28 22.14 19.04 17.50 30.56 25.68 27.78 24.19 64.81 3

Sr 160.9 25.42 107.3 343.0 194.3 56.95 55.44 30.56 25.68 27.78 24.19 64.81 2
Y 32.17 45.50 31.10 38.12 38.42 41.16 42.98 40.16 59.69 66.11 58.01 61.72 0.12
Nb 6.10 6.48 5.20 6.20 5.96 5.54 4.62 5.08 7.08 5.09 4.41 7.45 1.4
7r 152 227 141 165 187 170 138 126 303 217 195 332 1.5
Ba 1832 176 563 532 272 150 144 211 191 275 200 168 5
Hf 3.65 4.45 3.56 4.01 4.36 3.74 2.85 3.03 6.68 4.81 5.50 6.59 0.1
Ta 0.57 0.50 0.47 0.62 0.49 0.52 0.51 0.60 0.49 0.40 0.35 0.50 0.1
Pb 4.23 4.10 3.83 5.15 7.00 6.67 3.37 10.02 10.40 12.60 7.22 4.77 0.2
Th 1.09 1.12 0.59 1.75 2.43 0.83 0.60 1.35 2.97 1.92 0.99 1.95 0.2
U 0.38 0.52 0.73 0.34 0.60 0.48 0.16 0.39 0.66 0.49 0.23 0.52 0.05
La 12.59 17.42 15.24 18.63 22.36 15.49 18.81 12.31 23.69 15.45 23.90 28.18 0.1
Ce 32.86 39.13 33.09 44.15 49.52 36.59 32.85 28.31 56.37 37.33 52.78 66.17 0.2
Pr 5.18 6.65 5.12 6.43 6.86 5.43 5.76 4.28 8.25 5.86 7.76 9.82  0.015

Nd 23.45 32.10 23.47 28.45 29.82 24.43 26.14 19.83 36.25 27.71 35.52 43.97 0.078

Sm 5.79 8.71 5.88 6.79 7.21 6.54 6.95 5.58 9.14 8.13 9.41 10.89 0.027

Eu 1.51 2.42 1.75 1.99 1.99 1.95 2.19 1.81 2.40 2.37 3.21 2.76  0.009

Gd 5.93 9.79 6.36 7.20 7.56 7.72 8.11 6.54 10.34 10.16 10.14 11.79 0.027

Tb 0.99 1.51 1.02 1.14 1.20 1.27 1.32 1.11 1.68 1.80 1.83 1.90 0.017

Dy 6.17 8.81 6.27 7.20 7.52 7.84 8.13 7.04 10.71 11.99 10.70 11.97 0.032

Ho 1.21 1.67 1.19 1.44 1.43 1.52 1.55 143 2.19 2.44 2.12 2.31 0.007

Er 3.36 4.35 3.10 3.99 4.10 4.31 4.22 4.06 6.28 7.04 5.86 6.42 0.031

Tm 0.45 0.55 0.40 0.56 0.58 0.59 0.56 0.57 0.90 0.99 0.89 0.88  0.007

Yb 2.60 3.28 2.28 3.32 3.38 3.59 3.24 3.35 5.33 5.76 5.54 5.21 0.031

Lu 0.38 0.44 0.34 0.51 0.51 0.54 0.49 0.49 0.79 0.85 0.79 0.74  0.005

>REE 102.47 136.83 105.51 131.82 144.02 117.80 120.31 96.71 174.34 137.88 170.45 203.02 -

LREE 81.39 106.43 84.55 106.44 117.75 90.43 92.69 72.12 136.11 96.85 132.58 161.80 -

HREE 21.08 30.39 20.95 25.38 26.26 27.37 27.62 24.58 38.24 41.03 37.87 41.23 -
LREE/HREE 3.86 3.50 4.04 4.19 4.48 3.30 3.36 2.93 3.56 2.36 3.50 3.92 -
(La/Yb)x 3.48 3.81 4.79 4.02 4.75 3.09 4.17 2.63 3.19 1.92 3.09 3.88 -
oEu 0.73 0.75 0.81 0.80 0.76 0.78 0.83 0.85 0.70 0.74 0.93 0.69 -
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P& 4 L L BE R T 7 Nb/Y—Zr/Ti €] (a) (i€ E1 4 Pearce, 2014) £ FeOT/MgO—Si0; & (b) (i K14 Miyashiro, 1974;X3 %484, 2010)
LLC—/S Lo KO, Bk IR THIIEFRSE, 2015a; NFY—R XL 2 i0A ; YIP— 1 20 2 ia R A, Bl I8 T 41 14545, 2003, 2005b;
YIC-WhFH o Z aa sk s, ZIW—JE R Z e BRI T 25 555, 2003 ; CH—) THeRZ 2, £l kI Deng et al., 2013 ; HS—4E
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Fig.4 Nb/Y —Z1/Ti (a) (after Pearce, 2014) and FeO'/MgO—SiO,diagram (b) (after Miyashiro, 1974; Deng Jinfu et al., 2010)of the
mafic rocks in Dahongshan
LLC—Gabbros of Liulichong, data from Hu Zhengxiang et al., 2015a; NFY—Basalts of Nanfengya, YJP—Basalts and gabbros of Yangjiapeng, data
from Shi Yuruo et al., 2003, 2005b; YJC—Basalts and diabases of Yangjiapeng, ZJW—Basalts of Zhoujiawan, data from Dong Yunpeng et al., 2003;
CH-Pillow basalts of Changhe, data after Deng et al., 2013; HS—Basalts of Huashan, data from Dong et al., 1999. The Abbreviations in the figures
below are coincident.

TR () B2 LA R A4S, 2010) (&1 4b) .
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31.81x10°~203.02x 10,44 87.35x10°°, 4 H KA
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107°, 5 B 44 &5 86 42 111 %4 SREE - 34 7 & 8.77 %
10°) . TLREE/ZHREE [t {i 4 1.41~4.48, (La/Yb)=
0.76~4.79(F-342.67) , A B BARAER FFG 505+ FE
FEBRM B A BRI AR £ Lo ]R3 P g i

A3 (B 5a) , 6Ce=0.75~1.39(F-450.99) , FEA TG
Ce %, 0Eu=0.68~1.06 (*F-14 0.87) , A # ¥ 11 Eu 5+
W ULIHAEAE RS AT 43 B9 45 i . 76 N-MORB FrRifE
A TCE R R | (8] 5b) , 75 B ok KA KU
ZRA MEMNZ R AR A R b s s
g HREZRA ) PR LA AL XA
BEA—FAEEN, BEEREFRATLR
(LILE)Rb.Ba K .Pb filf 358 6 E (HFSE) Th U, 1fij
T TG R Nb  Ta, X 28R A il T R e /e

1000
=—8—],].C =@—NFY ==Y P

=== Mirdita MORB-like ==f=Mariana MORB-like
—&—NMirdita Boninite =—Mariana Boninite

YIC=—8—72]W —@—CH—0—HS 100

100 1

AR/ BB A
‘£AH/ N-MORB

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Rb BaTh UNbTa K La Ce PbNd SrSmHf Zr Ti EuGdTb Y YbLu

15 Uk LLHh X B4 T BRI A AR AL REE B 43 1%l (a, Sun et al., 1989)F1 N—MORB brifefkik K[ (b, Ishizuka et al., 2009)
(F 34245 {8 . Mirdita MORB—like il Mirdita Boninite 73 514 {2 B /) BT — 2 EL R et 1Ll P Be Mirdita 3 DX RO X s Fmige 221l
HHaA IR T Dilek and Furnes, 2009a; Mariana MORB-like Fl Mariana Boninite 7 51/ { Q2 P4 A fF ity o L7 g jir 2 ol M e 221 L, 5

Pk Ui+ Reagan et al., 2010)
Fig.5 Chondrite—normalized REE patterns (a, after Sun et al., 1989) and N-MORB—normalized spidergrams (b, after Ishizuka et
al., 2009) of the mafic rocks in Dahongshan
(Data in the picture stand for average data. Data of Mirdita MORB—like basalt and Mirdita Boninite after Dilek and Furnes, 2009a;Mariana MORB—

like basalt and Mariana Boninite after Reagan et al., 2010)
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Table 2 LA—ICP—MS zircon U—Pb isotopic data of the basalt from Nanfengya and Lulinzhai

Vi /100 WU LA i/ Ma WA
M5 Pb Th U YPbPb 1o YPbAPU 1o *PbAU 1o Pb/”Pb 1o *Pb/¥U lo *Pb/*U lo [
PM02-15-1

1507 9989 7328 136 0.0533 0.0015 0.3437 0.0098 0.0465 0.0006 343 95 300 7 293 3 97%
2 166 779 12623 0.06 0.0672 0.0015 1.1407 0.0362 0.1216 0.0019 856 51 773 17 740 11 95%
31628 351 1159 0.03 0.0716 0.0015 12095 0.0263 0.1214 0.0011 976 43 805 12 739 6 91%
4 6255 4263.8 8636.7 0.49 0.0564 0.0011 04606 0.0089 0.0587 0.0006 478 41 385 6 368 4 95%
5 845 4064 4536 09 00654 0.0018 12338 0.0345 0.1358 0.0017 787 56 816 16 821 10 99%
6 904 2534 5402 047 0.0663 0.0018 1254 0.0345 0.1366 0.002 817 54 825 16 825 11 99%
7 748 9599 1759 0.5 0.0513 0.002 02633 0.011 0.0372 0.0007 254 89 237 9 236 5 99%
8 2195 364 1472 0.02 0.0631 0.0013 1.1812 0.0243 0.1345 0.0012 722 1 792 11 814 7 9%
9 1099 4313 6333 0.68 0.0641 0.0015 1.1934 0.0274 0.1341 0.0012 743 48 798 13 811 7 98%
10 229 2474 4652 053 0.0596 0.0036 03224 0.0194 0.0411 0.0014 591 134 284 15 259 9 91%
11 781 9913 14364 0.69 0.0636 0.0017 03609 0.01 0.0409 0.0005 728 25 313 7 258 3 80%
12 666 9422 1167.1 0.81 0.0603 0.0017 03556 0.0104 0.0425 0.0005 617 61 309 8 268 3 85%
13 2304 2608 560.7 047 0.1168 0.0024 5.1845 0.1104 032 0.0035 1909 37 1850 18 1790 17 96%
14 288 2941 577.8 0.51 0.0517 0.0022 02853 0.0119 0.0403 0.0006 272 98 255 9 255 4 99%
15 47 562 10142 0.55 0.0515 0.0018 02636 0.0091 0.0372 0.0005 261 75 238 7 235 3 99%
16 504 261.4 8299 031 0.0546 0.0018 03891 0.0123 0.0518 0.0006 394 79 334 9 326 4 97%
17 631.6 1851.2 6441.6 029 0.0646 0.001 0.772 0.0153 0.0861 0.0013 761 33 0581 9 532 7 91%
18 68.6 321.5 3882 0.83 00687 00018 1.2832 0.0335 0.1362 0.002 900 54 838 15 823 11 98%
PM406-54-1

1 348 548 1024 054 0.0561 0.0011 05564 0.0118 0.0719 0.0009 457 44 449 8 448 99%
2 2811 4245 3662 1.16 0.0659 0.0007 1.0597 0.0135 0.1164 0.0009 1200 26 734 7 710 96%
3412 437 739 059 0.0671 0.0023 1.2158 0.0284 0.1338 0.0023 843 77 808 13 809 13 99%
4 304 581 915 0.63 0.0569 0.0011 05894 0.0129 0.075 0.0009 500 79 470 8 466 99%
5 627 774 973 08 0.0654 0.0012 12018 0.0218 0.1335 0.0016 787 38 801 10 808 99%
6 4426 2514 3555 0.71 0.116 0.0011 5021 0.0498 03132 0.0024 1896 21 1823 8 1756 12 96%
7 371 432 694 062 0069 0.0013 12779 0.0233 0.1333 0.0014 917 45 836 10 807 96%
8§ 292 328 494 0.66 0.0677 0.0013 1.2487 0.0258 0.1334 0.0015 861 40 823 12 807 98%
9 565 2354 6382 037 0.0567 0.0015 02505 0.0069 0.0319 0.0003 480 59 227 6 202 88%
10 413 495 61.1 081 00678 00019 1244 0.0353 0.1339 0.0028 861 -140 821 16 810 16 98%
11 406 993 163.1 0.61 0.0852 0.0026 0.5556 0.0173 0.0472 0.0007 1320 64 449 11 297 4 59%
12 37 338 471 072 0.0665 0.0049 12514 0.0653 0.1359 0.0019 833 156 824 29 821 11 99%
13 459 535 692 0.77 0.0664 0.0012 12506 0.0269 0.1362 0.0018 820 34 824 12 823 10 99%
14 563 743 828 0.9 0.0655 0.0012 12132 0.0204 0.1344 0.0014 791 39 87 9 813 8 99%
15 8 1153 1198 096 0.0609 0.0044 0.0586 0.004 0.0072 0.0001 639 157 58 4 46 1 7%
16 285 306 535 057 00667 00013 1.2376 0.0278 0.1344 0.0018 828 47 818 13 813 10 99%
17 297 344 513 067 00687 00015 1.2836 0.0291 0.1357 0.0019 900 78 838 13 820 11 97%
18 277 298 505 0.59 0.0674 0.0014 12657 0.0279 0.1366 0.0021 850 44 830 13 825 12 99%
19 161 101.7 3709 027 0.061 0.0019 0.134 0.004 0016 0.0002 639 67 128 4 102 1 7%
20 205 226 385 059 0.0662 0.0015 12152 0.0314 0.1332 0.0021 813 47 808 14 806 12 99%
21 257 229 552 0.41 0.0682 0.0033 12599 0.0409 0.1343 0.0018 876 100 828 18 812 10 98%
22 287 606 939 065 00507 0.0024 05048 0.012 0.0724 0.0008 228 114 415 8 451 5 91%
23 438 441 737 0.6 00693 0.0029 1.2593 0.038 0.1334 0.0022 909 86 828 17 807 13 97%
24 27 309 549 056 00675 0.0014 1.2505 0.0244 0.1347 0.0014 854 43 84 11 815 8 98%
25 286 309 52 059 00672 0.0015 1.2569 0.0305 0.136 0.0022 856 51 87 14 822 13 99%
26 428 2565 803.9 032 0.0496 0.0007 0.1671 0.003 0.0244 0.0003 189 35 157 3 155 2 98%
27 875 6589 7849 0.84 0.0506 0.0008 0.158 0.0028 0.0226 0.0002 233 39 149 2 144 1 96%
28 285 304 637 048 0.0678 0.0015 12373 0.0288 0.1329 0.002 861 45 818 13 804 12 98%
29 531 1885 2948 0.64 0.0532 0.0009 03299 0.0055 0.045 0.0004 339 37 289 4 284 3 97%
30 386 431 581 074 007 0004 1296 0.0428 0.1351 0.0019 928 119 844 19 817 11 96%
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Fig.6 Cathodoluminescence images and concordia plot for the basalt from Nanfengya and Lulinzhai
(White bats in the figures stand for 50 pum)
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Fig.7 Tectonic discrimination diagram of the mafic rocks in the Dahongshan area
a—Th/Yb — Nb/Yb diagram (after Pearce, 2014), b—V — Ti/1000 diagram (after Shervais, 1982;Ishizuka et al., 2014a, )
c¢—Z1/Nb — Nb/Th diagram (after Condie, 2003;Velasquez et al., 2011), d—Nb/Y — Zr/Y diagram (after Fitton et al., 1997;Condie, 2003). Troodos
UPL—Upper pillow basalt of Troodos;Troodos LPL—Lower pillow basalt of Troodos;Bonin FAB—Fore—arc basalt of Bonin, Mariana FAB—Fore—arc
basalt of Mariana;Philippine Sea MORB— Mid— oceanic ridge basalt of Philippine Sea;ARC— Basalt associated with the island arc,
N—MORB- Normal mid— ocean ridge basalt;OIB— Ocean island basalt, OPB— Ocean floor plateau basalt;DM— Depleted mantle;EN— Enriched
components;PM— Primitive mantle;REC— Recirculated components;UC— Upper crust;DEP— Depleted mantle components;HIMU— High U/Pb ratio
mantle;EM1, EM2—Enriched mantle 1, enriched mantle 2
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Fig. 8 Formation process and emplacement mechanism of mafic rocks in Dahongshan
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