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Abstract: The Nadanhada accretionary complex in eastern Heilongjiang Province is mainly composed of the Late
Triassic-Middle Jurassic radiolarian siliceous rocks intercalated with the mafic-ultramafic complex and Late Paleozoic
shallow sea sedimentary rocks. The analysis results of siliceous rocks from Shichang, Qindeli and Shengli Farm areas in
eastern Heilongjiang Province show that the samples, characterized by generally low Al,O;, TiO,, CaO and XREE
contents and low ALOJ(ALOs+TFe,05) ratio and high SiO, content, are pure siliceous rocks. Combined with the Al-Fe-
Mn triangle diagram and K,0/Na,O ratio, it is indicated that the formation of siliceous rocks has nothing to do with
seafloor hydrothermal process. The element discrimination diagram and geochemical characteristics reveal the siliceous
rocks in the above three areas were formed in continental slope and marginal sea environment.
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Heilongjiang Province

r#s H#A:2019-05-08; f&E H #7: 2021-04-13. 4w4E: 5K 7.

EETE - A R0 H R IR T AR B 2 TUA SO A2 A 4 7 (1212011120973 ) 5 “FaIE it AU S AL e— — 8 RIS o
JH#5”(DD20190097 ).

EZ B : PV (1988—), U5 1=, T AR U , 32 5 M\ Z 3 S JR Al b 5 1 2 A 9 T4, A5 b ik 300 77 48 L PH T B2 46 X BT b K A7 280 5, E-maill/
sunlei2326@126.com

BIEMEE: MR (1989—), B, it WP TR, FENFILAM TN TR TAE, EEhaE b £ 6 XE HE 4 5B, E-mail//
23911989@qq.com

PDF pdfFactory Pro www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

638 oo B

2021 4F

0 5§

F ] ZR A DX R LA X R M AA) it 437 & T
1 L A AR B, B 2 il BB I i A 2, B P [ AR
MUK R IR T = 2% b e WA TT e AR BT - 2481
e S AR P R AR (AR ey ) (B 1), AR
WIE] A X I T3 T iy W A 1 R &R Ak 1500, 5
TEME — S — =S WA &, 24
Y i DE A v B 250 X — R PR
“HUP VTR R “fESE MR O SRR R W
ZFRZ R BTSSR AR i a3 A 07 e B LA 1) 334
Az R I R ey A e ) TR I, 1 X ) 3 T
Ko A%, RN —A A i D, I e AT
X Fe AR R B i B0 8 T — 45 ma b ) AT 41 ip 2%
P A RS XA T AR AL b DX AR R R 4
AR b, DU L -2 W RO S RN TR
% W45 N 1 4 L b R AH 4, 7 AR 2 1) 17 24 18 5 [+]
VL% 1L 2 1) S SR 5 AR T b R 20, 7 B 5 05 B
VL5 B s N B R 1) 88 8 AR — BT AR S A 2 2 A
Sy R O AR HLAR vp 14 A= g i 2
FE T AT A R 1) WIOTY K it 22 S A it A sl 2 18 SR 4K
SIS

VLRI S5 B3 A 2 v & B R e i
7, KPR AR RO LA T T s, I RAR PG R A
A iR Ak A 5 H AR SR A rh U A
TTPEHIXT LG 820 AR E Wi 2% 35 G. L. Buryi DAizcHh X
JE A ) S TE I A IS X 4, T ) 5 s
A2 2R AR P I8 5 H AR 96 i b X [m] B
PRAE A A TR0 vy X B 14 T 4 P S5 G o R
VT 7R R — St — LR B O HURE T I RRAIE 2
AT S eI, (A DX RV AT RE T
IR HERAL 2E ST 2. T UL, VR B AR A 5T S A
b X BRI TR AT A Y AR AR A b X A T
RYCRFE(E b)), B R R A 5 2= NS IF T 4G
Al RGN EL ARSI X RE A T i R T
FRFIE , X R R A A TR, DA A il X
Hh A AR A8 135 2 0 257 S R AR AR

1 RERSEREHE
ARG RIG A e 6 T AR R VT A AR, £ —
BHAT AR AN =S i —h RS B ek o

BT S PR K RE T SR R B
M, Hh S A AR A G XEIAE K
% T 5% N R A B8 7 e BT e A AR AR 2 i B —
a3, BV B R AGE ), e g IR S A A
Yy 225 Kot Wi 2o 5 A, s e — e
Hh—R PR 2 T R T2 B PR A B AT P A 2%
(R IR e 1182022, 26290 A [ 1 7 Ml )2 D R A AL B
R AT FEEF P —E=88 /i (T, s),
FEESERINACINAH (Tsd) KAEWH(Todj), | =5
Gi— PR Z G KB (Ts=J,d) F1F 4R B 58 K 8 40
). EANTZ e G, b R A 4 )2
BN KMBRERA, JRildelea siomabes . BRIk
L o R R B R B A, SRR T 1060 m.
DX N FA) 3 1 Bl 5 IR0 Bl S AR TEAE R e S 4k
A G A= R A .

A3 b X B A (46°517207N, 133°20" 13"E ) & 3
P, R 2 — 2R, 2R 6~15 em, 2RSS,
TR RE A oA D U R, R LRI R Ak,
AP TRT 3T LT, 00 b DX R Al T A K, X 2 30T e
e (Bl 2a.b.c). B FIH X AETS (47°59'54"N,
133°11'2"E) 2 KBt il )2 — )2 Rl ik, )2 & 5~
12 em, KV ZHEB B R, Jei#)Zle s (K 2d). JEF]
e b X A7 A6 AP € () R S 75 (47°297 547N, 133°53
39'E), H— K e, L oSk A R A B
TS L, PP BT 2 o R — R i 2R 6~
12 em, KEZHBH B LR F , o2l s (F 2e.0).

2 HERRESHWHE

TER VLA ZRER I R T 16 FFFEM AR 3
P AR 0 R IS B RS A M ARG (M)A
FR 2 A 58 . 32 o6 % R 7 2% PANalytical 42 77 (1)
Axios (AR FI A B X 250615 (XRF) M & ,
FER S B ORI Ak 2=k JEA T ARSI
JUE FFf £ 70 K R 3 [F Perkin Elmer 23 7] 4 72 1)
Elan 9000 A H1 J&HE 5 55 2 - B3 (1ICP-MS )l & .
FHEICEIRERT 5%, Wt oo R oms
LT 10%.

3 SRER
IR =AY 16 PRREFUAE RS A 3

www.fineprint.cn



http://www.fineprint.cn

o 6 4 h

A RIETT A A = B —rh RS I RE U HUBRAL A R SO R I

639

122" ma' 133° o' 134 0o’

L3257 o’

[mI5T:

47"
LIl

Sitkm

Fig. 1

[EEI 1]

WFFE DX IR 35 7 P e DX S i 7 141
(FE3Cwrl3, 81)

K1

Geotectonic location and regional geological sketch map of the study area

(From References [3, 81)
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11— 4 fCHL)Z  (Paleozoic strata); 2—H i 4= fC4E i & (Late Paleozoic granite); 3—E VL 2% % (Heilongjiang complex); 4—JF Ll 2% % (Mashan
complex); S—H4 15 i (tectonic window); 6—H14EfCAE K & (Mesozoic granite); 7—#A 3N A (ultrabasic rock ) ; 8—MWi)2 (fault); 9—HAIT Hi bk (Songliao
massif); 10—{EARBT L (Jiamusi massif); 11—AF S 538 4 425 (Nadanhada accretionary complex); 12—RA%EA7 & (sampling location ) ; F1—® 7T~
Z 1M (Tongjiang-Mishan fault zone); F2—3% B —4tSFTHi 47 (Jiayin-Mudanjiang fault zone); F3—34b—% LI Z4H (Dunhua-Mishan fault
zone ) ; F4—FEARWTHK 27547 (Jiamusi -Yilan fault zone); FS—PHHLARME K FH - FH Wi 2447 (Xar Moron-Changchun-Hunchun fault zone) ; F6—2 [ —
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Fig. 2 Field and microscopic photographs of siliceous rocks in eastern Heilongjiang Province
a—A41 LK JSHE R84 1 i S 4 (siliceous rock with chevron fold in Shichang area); b—f7 3% [X - FME 45 (19 ik St % (siliceous rock with recumbent fold
in Shichang area); e— ¢ it S M B0k J3t 5 5 9O H- (micrograph of radiolarian siliceous rock ); d—#175F b X ik 7 %4 (siliceous rock in Qindeli area);
e—ERI R IK (A kL 54 (offwhite siliceous rock in Shengli Farm); f—ERIfR LT RS (mauve siliceous rock in Shengli Farm)
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Fig. 3 NASC-normalized partition REE patterns of siliceous rocks
in eastern Heilongjiang Province
(NASC-normalized value from Reference [32])

1—F 4 X ik J5i 5+ (siliceous rock in Shichang area); 2— W75 X fik
Jii %5 (siliceous rock in Qindeli area); 3—H: F| 4 37 JK 11 4 %k i
(offwhite siliceous rock in Shengli Farm); 4—/JP ) 4 37 42 21 (0 ik o

(mauve siliceous rock in Shengli Farm)
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Table 1 Contents of major, trace and rare earth elements in the siliceous rocks in eastern Heilongjiang Province
- A X ORE A SR XK P i B JEFIASA IR R B R A3 S A RE BT
Mt
YOl Y02 Y03 Y04 ‘F¥J{H Y05 Y06 Y07 Y08 “FXJEH Y09 Y10 Y1l Y12 FH(F Y13 Y14 Y15 Y16 FHE
SiO, 95.24 94.39 94.87 95.95 95.11 95.42 96.08 95.51 96.72 95.93 95.71 96.48 95.52 94.76 95.62 95.08 94.97 94.82 95.77 95.16
Al,03 207 176 162 140 171 192 170 191 142 174 166 183 225 217 198 168 172 197 196 1.83
TFe,0; 079 162 1.14 095 113 1.07 067 072 064 078 084 057 047 061 0.62 092 0.94 097 093 094
MgO 0.18 0.14 0.18 009 015 0.21 018 0.24 010 018 012 015 014 016 0.14 019 020 024 0.23 0.22
Ca0 0.03 0.02 003 001 002 0.01 0.2 0.01 001 001 003 002 001 001 002 001 * 001 0.01 0.01
Na,0 0.05 0.05 0.04 0.03 0.04 0.05 0.09 012 028 014 0.02 0.02 0.01 0.01 0.02 * 001 001 0.02 0.01
K0 057 044 042 038 045 059 047 056 0.27 047 037 042 040 042 040 062 0.62 0.64 0.63 0.63
TiO, 0.07 0.06 005 0.05 0.06 0.08 0.06 008 005 007 009 0.08 010 0.09 0.09 0.07 0.07 0.08 0.08 0.08
P05 0.02 0.02 002 001 002 0.01 0.01 001 0.01 001 006 002 005 0.05 0.05 002 0.02 0.03 0.03 0.03
MnO 0.01 0.01 002 001 001 0.01 0.1 0.02 0.01 001 001 0.01 * * 001 * * 001 001 0.01
Total 99.03 98.51 98.39 98.88 98.70 99.37 99.29 99.21 99.52 99.35 98.91 99.61 98.95 98.28 98.94 98.59 98.55 98.78 99.67 98.90
MnO/TiO, 0.14 017 040 020 023 0.13 017 025 020 019 011 0.13 - - 012 - - 013 013 0.13
K,O/Na,0O 1140 8.80 10.50 12.67 10.84 11.80 5.22 4.67 096 5.66 18.50 21.00 40.00 42.00 30.38 - 62.00 64.00 31.50 52.50
TFe,04/TiO, 11.29 27.00 22.80 19.00 20.02 13.38 11.17 9.00 12.80 1159 933 7.13 470 6.78 6.99 13.14 13.43 12.13 11.63 12.58
Al/(Al+Fe) 0.72 052 059 060 061 064 072 073 069 070 0.66 0.76 083 0.78 076 0.65 0.65 0.67 0.68 0.66
La 520 510 430 380 460 650 430 850 420 588 970 890 740 750 838 660 680 970 8.80 7.98
Ce 12.00 12.00 10.10 8.40 10.63 18.60 16.40 21.20 15.60 17.95 14.80 11.40 12.00 11.60 12.45 9.60 10.40 14.60 13.30 11.98
Pr 122 114 101 09 108 134 101 237 096 142 251 194 218 228 223 173 177 274 253 219
Nd 450 440 380 350 4.05 500 380 930 340 538 1050 7.40 9.90 1050 958 6.90 7.40 11.80 10.80 9.23
Sm 098 100 082 086 092 114 087 187 067 114 270 159 262 271 241 160 178 281 264 221
Eu 024 022 014 018 020 0.24 015 040 0.16 024 062 030 061 066 055 035 041 0.62 054 0.48
Gd 1.00 091 075 084 088 101 0.78 1.77 0.60 1.04 280 154 3.05 312 263 195 195 272 247 227
Tb 0.13 011 010 011 011 014 012 025 008 015 042 024 040 043 037 031 030 035 033 032
Dy 0.79 064 062 066 068 080 072 161 050 091 246 159 236 239 220 197 189 202 186 194
Ho 0.16 0.13 0.12 012 013 016 0.16 034 010 019 044 033 040 040 039 040 039 0.38 0.36 0.38
Er 045 035 033 032 036 046 046 101 030 056 116 1.00 0.99 097 103 1.01 103 100 0.95 1.00
m 0.06 0.05 0.05 005 005 0.07 0.07 015 0.04 0.08 017 015 013 0.13 015 012 013 0.13 012 0.13
Yb 039 031 030 030 033 050 043 097 029 055 105 091 0.75 0.75 087 067 072 082 0.75 0.74
Lu 0.06 0.05 005 0.05 0.05 0.08 0.07 014 005 009 016 014 011 011 013 0.09 010 0.12 011 0.11
U 0.65 053 059 049 057 205 271 237 193 227 109 071 082 0.72 084 025 026 028 0.27 0.27
Th 125 122 107 084 110 144 103 126 078 113 170 161 178 152 165 144 140 172 167 156
U/Th 052 043 055 058 052 142 263 188 247 210 064 044 046 047 050 0.17 019 0.16 016 0.17
(La/Yb)y 129 159 139 123 138 126 097 085 140 112 089 095 096 097 094 095 091 115 1.14 1.04
(La/Ce)y 113 111 111 118 113 091 068 105 070 084 171 203 161 169 176 1.79 170 173 172 174
6Ce 104 108 106 09 104 137 171 103 169 145 065 060 065 061 063 062 065 0.62 061 0.63
SEu 106 101 078 093 095 098 080 097 111 097 099 084 094 099 094 086 096 098 093 0.93
SREE 27.18 26.41 22.49 20.15 24.06 36.04 29.34 49.88 26.95 35.55 49.49 37.43 42.90 43.55 43.34 33.30 35.07 49.81 45.56 40.94
> LREE 24.14 23.86 20.17 17.70 21.47 32.82 26.53 43.64 24.99 32.00 40.83 31.53 34.71 35.25 35.58 26.78 28.56 42.27 38.61 34.06
> HREE 3.04 255 232 245 259 322 281 624 196 356 866 590 819 830 7.76 652 651 754 6.95 6.88
L/H 794 936 869 722 830 10.19 944 6.99 1275 984 471 534 424 425 464 411 439 561 556 491

TE: A/(AL+Fe) E(H A ALOY(ALO+TFe,05) IIE, * AL AR, 28000 b M52 3B O M DA BRA RISE AL, 5 i 5007 T4 03R N %, ot i

+IeE N 107
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Fig. 4 The Al-Fe-Mn discrimination diagram of siliceous rocks in
eastern Heilongjiang Province
(After References [37-38])
A—EWR N E T A X (biogenic siliceous rocks area); B—#K it K7t
J5i 4 [X. (hydrothermal siliceous rock area); 1—A7 37X fi Jfi % (siliceous
rock in Shichang area); 2—Ehf5 ]} X Fk Jii 7 (siliceous rock in Qindeli
area); 3—FEFI KRG K (@6 FE A (offwhite siliceous rock in Shengli
Farm); 4—WE F 4 3% 5 21 6 fif i %5 (mauve siliceous rock in
Shengli Farm)

JGZE Th F1 U LEDURRY 9 & Bk T U A 8
FIEE RS, o Th RS2 KR AR R A 5 0,
PIARTE B ThIERAEAE, T U FESRIB R A R AT
(1) UME A, SEOTRYI T U B4, A IXRERR
#+ UITh {54 0.43~0.58, 342 0.52; A A 37 1l IX K
166 B UITh {4 0.44~0.64,F-19°4 0.50; R4
Y X 22 21 4% i 5 UITh {58 0.16~0.19, 3K
0.17. =FK UITh {8/ T 0.75, A3z FE A4 3
REFCATE BT 5 A, S X A ) UITh
fERT 1.25,°4 1.42~2.63,F 1 2.10, J b 751 i
A U T IR AR

REFA T Mn TR E 5 HIA Nk A KR
PR ICER , Sugisaki %45, MnO/TiO, HAE AT LAAE
SRy F A O DO AR A B R A e S () 8 AR bR A
TR EARTIE B RE BT 7 1Y MnO/TiO, /1 F 0.5~3.5

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

o5 6 4 b

A RIETT A A = B —rh RS I RE U HUBRAL A R SO R I 643

TN PN R S I SN T IS SUE SR IR AL ik s il
MnO/TiO, /N T 0.5. £ 47  EhA5 R F ) 4 37 X ik
J5 #+ MnO/TiO, 43 % 0.14~0.40.0.13~0.25 F1 0.11~
0.13, FHIBFFT XAk A T BT KBl 4830 114 K Bl e
GIBUIE SGRTTRES

WEFEIAN N, K% (LalYb )y SE4E K 1.1~1.4,
P BHE (La/Yb)y F8ME N 0.3 47, TRiE-F- i fk
B (LalYb)y At F 3 Z 0] 120, 3 A ) A ik A
A X kT B (La/Yb)y 43514 1.23~1.59.,0.85~
1.40 1 0.89~1.15(F 1), BLHA IR VT4 3 =i IX.
AR SSA T T R R 2 A 5%

FEASEH 5 B (L 5 ), KR A RE AR S v AR

(a)

TFe O/ {100-510,)
T

il .1 0.2 0.3 0.4 .5 LA

ALOL L00-8i0,)

La,Ce,

(LR 13 04 ki Ik 1.6

ALO(ALDLE TFe,0.)

i A0 257 0 T i A e B SR A 25 B T IR, R
TLASHRAR Iy 2 A 2 P DU 2 A s T RETE IR TR
Blidpe e ih 2 g 3.

5 it

(1) ZBIpIT A AHB A S X 88 A Rk T 75 )
DR BARERTS . IR K Ak Brs F 2L 6
RERUA B R ICE P Si0, &t im0 5128 94.39%~
95.95% .95.42%~96.76% 94.76%~96.48 %H 94.82%~
95.77% , H:¥k N ALO; Fe,05. K0, 3% ki EL A %5 55 1)
Si0,, J& T4k Ji 7 s B - OC K Ar i i 2R A — 5, 2
EFFHAN BN, B R 1

LOHH

()
m |
b2
® 3
e 4
i
<
1]
1 1 | |
1] 0.2 04 0.6 m |
ALONALO A TFe.0,)
G: l’/

100 =TF

] 2 4 f ! L

100+ A1LOLSI0,

Bl S BRI AR A T s 5 14
(4 3CHRI35, 43])
Fig. 5 The discrimination diagram for formation environment of siliceous rocks in eastern Heilongjiang Province
(After References [35, 43])
1—A7 5 1 IX 7k 5t 75 (siliceous rock in Shichang area); 2—#) 75 il Hh X fif: J5i # (siliceous rock in Qindeli area); 3—MEFI 437 IK F €4k 57 4 (offwhite
siliceous rock in Shengli Farm); 4—PEFIA 375821 4% 5 %5 (mauve siliceous rock in Shengli Farm)

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

644 b

=

2021 4F

(2)i8 5 F 5 5 TR R R AR A7, SR e
AR A R RIER A0 X A R E A T AL
BN Y Suk SIS

S 3Lk ( References ) :

[T]RARIT, B AR DX A T 2 2 S Al st B ) R ). i 57 3
Ji, 1999, 18(2): 1-13.

Wu F Y, Cao L. Some important problems of geology in northeastern
Asia[J]. World Geology, 1999, 18(2): 1-13.

[2)3RAHTT, Wilde S, IMEAT. FEANTHII T FORAE B & (5500 88 TR
Bl U-Pb RS LT . A 02740, 2001, 17(3): 443-452.

Wu F'Y, Wilde S, Sun D Y. Zircon SHRIMP U-Pb ages of gneissic
granites in Jiamusi massif, northeastern China[J]. Acta Petrologica
Sinica, 2001, 17(3): 443-452.

[3]Wilde S A, Zhang X Z, Wu F Y. Extension of a newly identified 500
Ma metamorphic terrane in North East China: Further U-Pb SHRIMP
dating of the Mashan complex, Heilongjiang Province, China [J].
Tectonophysics, 2000, 328(1/2): 115-130.

[4]Wilde S A, Wu F Y, Zhang X Z. Late Pan-African magmatism in
northeastern China: SHRIMP U-Pb zircon evidence from granitoids in
the Jiamusi massif[J]. Precambrian Research, 2003, 122(1/4): 311-
327.

[SJSengor A M C, Natal’in B A. Paleotectonics of Asia: Fragments of a
synthesis [M J//Yin A, Harrison M. The tectonic evolution of Asia.
Cambridge: Cambridge University Press, 1996: 486-640.

[6]Li J Y. Permian geodynamic setting of Northeast China and adjacent
regions: Closure of the Paleo-Asian Ocean and subduction of the Paleo-
Pacific Plate [J]. Journal of Asian Earth Sciences, 2006, 26 (3/4):
207-224.

[7]5kMaftk, PhigA:, sKR24UN, 25, v 3 U B -2 J5 n b 2 Wi e [ M.
JEnt: HUTHUREE, 19982 1-34.

Zhang Y X, Sun Y S, Zhang X Z, et al. The Manzhouli-Suifenhe
geoscience section, China[ M ]. Beijing: Geological Publishing House,
1998: 1-34. (in Chinese)

[8]Zhang X Z, Guo Y, Zhou J B, et al. Late Paleozoic-Early Mesozoic
tectonic evolution in the east margin of the Jiamusi massif, eastern
Northeastern China[J]. Russian Journal of Pacific Geology, 2015, 9
(1): 1-10.

[OJFIC, 48, KX, 5. ARAL B AR DX ot A= A i i) et Jas 1

WRT ). s234sk, 2008, 32(2): 119-136.
Wang C W, Jin W, Zhang X Z, et al. New understanding of the Late
Paleozoic tectonics in Northeastern China and adjacent areas [Jl.
Journal of Stratigraphy, 2008, 32(2): 119-136.

[10JKhanchuk A 1. Pre-Neogene tectonics of the Sea-of-Japan region: a

view from the Russian side[J]. Earth Science, 2001, 55(5): 275-
291.

[11 ]SengOr A M C, Natal’in B A, Burtman V S. Evolution of the Altaid
tectonic collage and Palaeozoic crustal growth in Eurasial J]. Nature,
1993, 364(6435): 299-307.

[12]Xiao W J, Windley B F, Hao J, et al. Accretion leading to collision
and the Permian Solonker suture, Inner Mongolia, China: Termination
of the central Asian orogenic belt[ ] ]. Tectonics, 2003, 22(6): 1069.

[13]Windley B F, Alexeiev D, Xiao W J, et al. Tectonic models for
accretion of the Central Asian orogenic belt[J]. Journal of the Geological
Society, 2007, 164(1): 31-47.

[14 JFaure M, Natal’in B. The geodynamic evolution of the eastern
Eurasian margin in Mesozoic times[J]. Tectonophysics, 1992, 208
(4): 397-411.

[15]Natal’in B. History and modes of Mesozoic accretion in southeastern
Russial J ]. Island Arc, 1993, 2(1): 15-34.

L1684, sk, JHa:, &5 B iden h S a0 XA WA

U-Pb 402 S BR fb 25 B H b R L[ ). RtAl i 5 w2,
2018, 42(2): 365-378.
Zeng Z, Zhang X Z, Zhou J B, et al. Geochemistry and zircon U-Pb
age of Permian metabasalts in the Yuejinshan complexes and its
tectonic implications[J]. Geotectonica et Metallogenia, 2018, 42(2):
365-378.

[17 L. AN AR S o ise g K MGE XD ). KA
AR, 2018.

Cui W L. The discovery and significance of Permian subducting
oceanic crust on the eastern margin of Jiamusi massif, NE China[D].
Changchun: Jilin University, 2018.

(1813 PR E, ARARAIARE, /Nty 46 e v 48 A8 3 ey ik b (A A4
AR ] JRIETTE, 1989, 35(1): 67-71.

Zhang Q L, Shinjino M, Satoru K, et al. The Nadanhada terrane in
Heilongjiang Province[ J ]. Geological Review, 1989, 35(1): 67-71.

[19 JRIE A 5 s 7™ 5. FROBVLAS Xt SRR (M. b5t 3R A
#, 1993: 1-619.

Bureau of Geology and Mineral Resources of Heilongjiang Province.
Regional geology of Heilongjiang Province [M]. Beijing: Geological
Publishing House, 1993: 1-619. (in Chinese)

[ZOJKojima S. Mesozoic terrane accretion in Northeast China, Sikhote-
Alin and Japan regions [J]. Palacogeography, Palaeoclimatology,
Palaeoecology, 1989, 69: 213-232.

[21]Mizutani S, Kojima S. Mesozoic radiolarian biostratigraphy of Japan
and collage tectonics along the eastern continental margin of AsialJ].
Palaeogeography, Palaeoclimatology, Palaeoecology, 1992, 96(1/2):
3-22.

(225K R e, R4S A B, /I e S o A 7 T AR 3 L F 52
] WA, 1997, 36(2): 245-252.

Zhang Q L, Shinjino M, Satoru K. Radiolaria and correlation study of
terranes[ J ]. Acta Palaeontologica Sinica, 1997, 36(2): 245-252.
[23 M58 G L ZRAUHRIAMA B iR A i = 20 B[ ). Aty B

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

55 6 44 P A BT NG = (e —rp RS IR BUA R SRR A SO R 645

YA, 1996, 13(2): 207-214.

Buryi G I. Triassic conodonts from the cherts of Nadanhada range,
northeast ChinalJ]. Acta Micropalaeontologica Sinica, 1996, 13(2):
207-214.

(24 JMEK, SRILEL, WA, BRI AP RS H A S b X 7 3
PESS RS L R ST ] KA BT Be i, 1997, 27(1): 62-66.
Li P W, Zhang S H, Shen N H. The contrast of paleomagnetic results
between Nadanhada area, Heilongjiang province and Mino area, Japan,
and its significance [J]. Journal of Changchun University of Earth
Sciences, 1997, 27(1): 62-66.

(25153, sklter, Bepitm. MRIETLASHR M =S th— 1R PR S S
B ST R B R s [ ] S 9EIR, 2008, 17(4): 312-313,
317.

Ma J P, Zhang T T, Xue L F. Characteristics of the Ts-J; radiolarian
chert and potential for hydrocarbon in eastern Heilongjiang Province
[J]. Geology and Resources, 2008, 17(4): 312-313, 317.

[26 DKAIGEE, BRBF4E, SkPTE. ARFIH ik H A5 AR K i i 2 A
i SE R L] HuF4iE, 1989(3): 204-216.

Shinjino M, Shao J A, Zhang Q L. The Nadanhada terrane in relation
to Mesozoic tectonics on continental margins of east Asia[J]. Acta
Geological Sinica, 1989(3): 204-216.

(271 H0, 2R, &SR, b E A X 32 S Ay MR~ F 5T
[T]. KBRS, 1998, 28(2): 203-205, 212.

Yang H X, Li P W, Yu H M. Palaeomagnetic study of the main
terranes, northeast area, ChinalJ]. Journal of Changchun University
of Science and Technology, 1998, 28(2): 203-205, 212.

[28 JFRUF 4, EAUUR, FEoidR, %5 TSI ke a2 Sk e &) ]
R IR, 1990, 14(4): 286-291.

Shao J] A, Wang C Y, Tang K D, et al. Relationship between strata
and terrane of the Nadanhada range [J]. Journal of Stratigraphy,
1990, 14(4): 286-291.

(20 J5ktiber, pide sy, $hE, 4. BIRVLSEIR GG LA R S TR G ik
HAARIE R T BRURAE A (R ) 1991, 3(3): 287-294.
Zhang S H, Shi Y S, Sun Y, et al. On the relation between
Wandashan orogenic belt and Nadanhada terrane in Heilongjiang
province[J]. Journal of Nanjing University (Earth Sciences), 1991,
3(3): 287-294.

[30]8 A, BOOK. DIBVETAIM]. Jbst: Mt iRdt, 1986: 190-199.
Zeng Y F, Xia W J. Sedimentary petrology[ M |. Beijing: Geological
Publishing House, 1986: 190-199.

[31]Murray R W, Brink M R B T, Gerlach D C, et al. Rare earth,
major, and trace element composition of Monterey and DSDP chert
and associated host sediment: Assessing the influence of chemical
fractionation during diagenesis [J]. Geochimica et Cosmochimica
Acta, 1992, 56(7): 2657-2671.

[32]Haskin L A, Haskin M A, Frey F A, et al. Relative and absolute

terrestrial abundances of the rare earths[ M J//Ahrens L. H. Origin and

Distribution of the Elements. Oxford: Pergamon Press, 1968: 889-912.

[33]Bostrom K, Peterson M N A. The origin of aluminum-poor
ferromanganoan sediments in areas of high heat flow on the East
Pacific Rise[ ] ]. Marine Geology, 1969, 7(5): 427-447.

[34]Girty G H, Ridge D L, Knaack C, et al. Provenance and depositional
setting of Paleozoic chert and argillite, Sierra Nevada, California[J].
Journal of Sedimentary Research, 1996, 66(1): 107-118.

[35]Murray R W. Chemical criteria to identify the depositional
environment of chert: General principles and applications [J].
Sedimentary Geology, 1994, 90(3/4): 213-232.

[36 R, EBLL, BRI, . BEBUA A O EDI 5 ik KA
BN S RP RILT. H AT YA, 1999, 18(2):
108-120.

Yang ] M, Wang D H, Mao J] W, et al. The petrochemical research
method for silicalite and its application to the “Jingtieshan Type” iron
deposits[J]. Acta Petrologica et Mineralogica, 1999, 18(2): 108-120.

[37]Adachi M, Yamamoto K, Sugisaki R. Hydrothermal chert and
associated siliceous rocks from the northern Pacific: Their geological
significance as indication of ocean ridge activity [J]. Sedimentary
Geology, 1986, 47(1/2): 125-148.

[38]Yamamoto K. Geochemical —characteristics and  depositional
environments of cherts and associated rocks in the Franciscan and
Shimanto Terranes[]]. Sedimentary Geology, 1987, 52(1/2): 65-
108.

[39 ]33, RIGPAE R RPOKTIRVE L 50 MR R—Mie R
W P 2L BTSRRI AE R LT 1. o el b B 27 e 7 2 b B 7 B 52
JOFET, 1991(31): 15-39.

Zhang H W. On hydrothermal sedimentary rocks and their relationships
with mineral resources in Devonian period of Qinling area, ChinalJ].
Northwest Geoscience, 1991(31): 15-39.

[40]Jones B, Manning D A C. Comparison of geochemical indices used
for the interpretation of palaeoredox conditions in ancient mudstones
[J]. Chemical Geology, 1994, 111(1/4): 111-129.

[41]Sugisaki R, Yamamoto K, Adachi M. Triassic bedded cherts in
central Japan are not pelagic[J]. Nature, 1982, 298(5875): 644
647.

(42 J#7K8, ki, L BER WP TH L b =% G IR LR A B A IR 1L

SFRFERORIALY . R 244, 2008, 14(1): 39-48.
Yang S Y, Yao J. Geochemistry and origin of siliceous rocks from the
Gufeng Formation of Middle Permian in the Pingdingshan area,
Chaohu region, Anhui Province [J]. Geological Journal of China
Universities, 2008, 14(1): 39-48.

[43 Murray R W, Brink M R B T, Gerlach D C, et al. Rare earth,
major, and trace elements in chert from the Franciscan complex and
Monterey Group, California: Assessing REE sources to fine-grained
marine sediment [J]. Geochimica et Cosmochimica Acta, 1991, 55

(7): 1875-1895.

www.fineprint.cn



http://www.fineprint.cn

