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Geochronology and geochemistry of the volcanics in the Zamuting, Inner
Mongolia and its transfromation of Mesozoic tectonic system

LI Yujuan
(Fujian Institute of Geological Survey, Fuzhou 350013, Fujian, China)

Abstract: As the origin, evolution and tectonic setting of late Mesozoic volcanic rocks in the Great Hinggan Range volcanic belt
have always been controversial, our project carried out geochronology and geochemistry studies of the volcanics in the Zamuting
area. LA—ICP—MS zircon U—Pb dating of the he Baiyingaolao Formation volcanic rocks in the Zhamuting area reveals that rhyolite
and trachoma were formed at 131.6+ 1.2 Ma and 126.9+ 1.5 Ma respectively, which are consistent with the identification results of
the animal and plant fossil in the Second Member volcanics of the Baiyingaolao Formation, indicating that the volcanic rocks were
formed in the early Cretaceous. The rhyolites and trachyandesites of this region belong to alkali series volcanic rocks, with

characteristics of high silicon, rich in alkali, low aluminum, low magnesium and calcium, as well as high FeO"/(FeO"+MgO) ratio;
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the rocks are relatively enriched in the large ion lithophile elements Rb, Th, U and Pb, and have a strong deficit in the high—field
strong elements such as Nb, Ta, Ti, P, Ba and Sr; the rhyolitic rocks have the characteristics of A—type granite. The studies on trace
elements and rare earth elements indicate that both rhyolite and trachyandesites are derived from the melting of the crust and have
the same magmatic source. The Baiyingaolao volcanic rocks were formed in the post—orogenic extensional tectonic environment,
which reflects that after the southward subduction of the Mongolia Okhotsk Ocean and the collision and integration of the Eerguna—
Xingan landmass, the Da Hinggan Mountains volcanic region began to transform from compression to extensional tectonic system.
The upwelling and underplating of asthenosphere mantle caused the partial melting of the lower crust, which led to the eruption of

rhyolite. The further melting of residual phases led to large—scale eruption of trachyte.
Mongolia; geological survey engineering
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Fig.1 The geological map of the Zamuting—Gaojigaoer Volcanics Basin
1— Quaternary; 2— Neogene Wuchagou Formation;3— the lower Cretaceous Meletu Formation;4— the third member of Lower Cretaceous
Baiyinggaolao Formation;5— the second member of lower Cretaceous Baiyinggaolao Formation;6— the first member of Lower Cretaceous
Baiyinggaolao Formation;7— The upper Jurassic Manitu Formation; 8— The upper Jurassic Manketou OBO Formation;9— The middle Jurassic
Tamulan Valley Formation;10— the Early Cretaceous Baiyingaolao granite porphyry;11— the Early Cretaceous subvolcanic rocks;12— Special
geological body(Turquoise, obsidian);13— Trachyandensite;14— Trachyte; 15— Quartz trachyte;16—rhyolite; 17— Lithophysa rhyolite;18— Obsidian;
19— Turquoise;20— Rhyolitic crystal tuff;21—Rhyolitic crystal tuff with welded texture;22— Volcanic breccias agglomeration;24— Volcanic breccias;
24—Debris and Vitroclastic;25—Breccia and Breccia—bearing; 26—caldera;27—dome shaped volcano;28—the center of volcanic eruption;29—Parasitic
crater;30— silicification;31— Limonitization;32— Fluorite mineralization;33— Geological boundary; 34— Fault; 35— Angle degree unconformity
boundary; 36— Parallel unconformity boundary; 37— Lithofacies boundary;38— lithology boundary;39— Plant fossils and animal fossils; 40— fossil
sampling sites, zircon U—PDb isotopic age sampling sites
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Fig.2 The measured section map of the Zamuting—Gaojigaoer Volcanics Basin
(The legend is the same as Fig.1)

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(1)



268 i [

b J 20214

R IAEFSHERATRZEAGAHEREF RBEISEE
Table 1 Stratigraphic sequence of measured section of the Baiyingaolao Formation in the Zamuting—Gaojigaoer District,
Inner Mongolia

AR A = e
”jﬁ Ef - ik SEERm | HEBEREm | ERAA | WS
H >4 is2
29 IR SRR T 25.0
KLy
28| RIS 1017 KR ®
27 IR RIS 49.6
26 RS IR A 66.3
25 TRER R IR LT 138.0 N N
o ok a s T s~ A
v R LS .
23 - SARCR Nk 483
22 SR LT (KL T J5R 4 i s A K 89.7
BB |21 E ARER TR Wb E T = 20.3 712.4
20 TR A0 £ TR S 438
19 Ko S fL-A IR A 3.5 )
5 m%@ ﬁ;ﬁ? s - e R W AT @
H 17 K RIR A A 9.3
= 16 | KA MR & MR B IE A 4.6
= 15 EaRchiNaE=s 15.5
ES 14 IR B R A 76.5 W% R VLR — 15 i A ©®
4 13 | RGBT TR K T b 24.5
12 | SRRSO T &5 5 58 SR 20.7 g e
W% R LR — M58 ¥4 —
11 KEORBUE 47.1 - ®
10 | R BRI S AR 5 33 -
9 VAR LN RS 21.7 1% Vi — @
WB | 8 | KRS A AR A K 19.7 357.6 T T AR
7 (B R SUs 20.2
% R LR — 15
6 | memRRSEIRREERDE | 254 ARURCIEA ) ©
5 | VR SRERSUT & AR S I S R 150.3
) * %:q i 5;; e iy W @
R & JILE .
3 VRIK TR IR OB IR T S R 28.1
H—B |2 KR IR GBI AN 43.1 90.9 M55 R — LA )
1 IR IR T B RRRD 5 19.7
R4 | FB | o ISRl i

FeO fifi 11 “ %+ Mettle—200 K7, HoAth i B i
FHHEF]E PW24407 1, 32 270 % K H XRF 2
M3 58 A, MR 22 /N T 2% ; # 1 Fnfddt oo 250
T2 R FH 46 B K B3 (ICP—MS) i , Wl kG B A1 T
5% A Pkt T b 4 DX R PR RS T SE R,
FHH BT BB RE S 2 80~100 H |, 85 Vi e Finey,
WD IR T B TE S H B TR AR AR )
Jf HICH B 2R M AR 85 A Pkt ok, B A
F14) 1) LR 9 A ' BE A 7 PG 22 it A i S BB A PR
INFEISER. B A U-Pb AR TAELEPEIL K2 Kt 3h
77 E R LR % A, R H LA-1ICP-MS #E 174

A U=Pb [Al i 28 @ IR, ORI R 48 0 18 5
MicroLas 2\ /)4 77 ) GeoLas200M , ICP—MS A3 [#]
Agilent 23 F] 4= 7= ) Agilent7500a, >R FH A9 306 9 BE
HARH 35 pm, PLESAE R W 5 i 80, T
PRERESS A7 91500 15 AR HEREHEF AL IE , FTER Pb HY
SEMA T B B R R B TR F E R
GLITTER (Jackson et al., 2004) & {4 A7 A0 3, 5256
Fe A5 04 % F SCHik (Andersen, 2002) ) J5 25 347 [A]
A7 & FUAE R AL IE , 03X B0 19 5 ) o H 53 A 38R
Isoplot3.0 2 /% (Liu et al., 2007), HEANA S M5
WAL B )7 125 UL SCHR (Ludwing, 2011),

http://geochina.cgs.gov.cn H1EMLTT, 2021, 48(1)



5484 55 1) BEI NS AR KNG AR BRI 5 v A AR R A e 269

s
m 118 fi20° N\ B 122
e - ~ S
- N -
I SO HAE e . ~
P AAAA Mg LV R el L
= , g
B E AN RO N L i ¥ PR,
N fARERERR / " » - \ o
~ I S - A}
~ ’ e
% RN 4 ,‘ s m \ HOEE YK
AT T i @, o> = \\ PSR
= TI® t L= - 22> —
NTT | BEA - = L ’K.zf ‘1 ‘* ‘14 4 ?‘27
B ITo ¢ [~ om Ko " = .
, @ T T - s \
ol I' = - \ ’Kib’ ‘z |I ‘15 . m‘zs
T24mF T T - m : T .
{ Noom INEEEN \ .
T E o, K& "
— eI T ! - 1 - 10742 [ 7+ | 3 s [~ 7
al b [Eze | d ‘ XN C
\
T T E {
E \‘ 2R ‘ ‘
¥ \ T
T T
5 3 \‘ 7 e ] ‘
[ \ LN S S
v [EorE
X B \ T T ‘
# VT OT
3 m
g i ! T ‘
V| o
VIAAA =
| enlkey oo N
AAAN
~ SN S i id
~ L 7 € L d]
E kpl v o
i e,
7
I
> -
» :
’
4 2 > oo
/s . . = L
——— o e o e ’,
Yymn T ———
J,mm

P13 FHUARKE &35 /R A e 41 D w2 AR
I—F FEGE 5w B =BG 22— T S & e 8 B 33— P B A & w4 — B 4— HIRP G B et 5—BER BT Aiib
6—BEM TN s T—BERBUR W5 s 8—BER BT AT s 9—UUBE ICH s 10—BE KBTS BRIP4 s N—BE WP TR A 5 12—BE KBTIk 5 13—%
HE s 14—HLZE s I5—HLRUE s 16— e s 17— FAMIR A s 18— s 19— 1L A BE IR s 20— J 22 SR AR B R o 5 21 —J 22 o A S
BRBE I 3 22— KL 5 A SR A BE DA 5 23— ML TS i B I E I 5 24— BEICH 5 25— BUB A B BEN s 26— ML T i B BEICA 5 27—
ST B I 5 28— AUBT b B S5 BE DA 5 29— FA R 5 30— F AR 5 31— AL 5 32— M5 X 5 33— v 8 K G 5
Fig.3 The stratigraphic correlation between the Baiyingaolao Formation volanics in the Zamuting—Gaojigaoer District and other
districts in the Great Hinggan Volcanic Belt
1—The third member of the lower Cretaceous Baiyingolao Formation; 2—The second member of the lower Cretaceous Baiyinguaolao Formation;
3—The first member of the lower Cretaceous Baiyinguaolao Formation; 4—the upper Jurassic Manitu Formation; 5— Tuffaceous fine sandstone;
6—Tuffaceous sandstone; 7—Tuffaceous lithic sandstone; 8—Tuffaceous arkose; 9—Sedimentary limestone; 10—Tuffaceous sandstone; 11—Tuffaceous
sandstone; 12—Tuffaceous conglomerate; 13 Andesite; 14—Trachyandesite; 15—Trachyte; 16—Rhyolite; 17—Turpentine; 18—Obsidian; 19— Andesitic
crystalline tuff; 20— Dacitic clastic tuff; 21— Dacitic weakly fused tuff; 22— Coarse andesitic weak melting tuff; 23— Trachytic clastic fusion tuff;
24— Tuff; 25—Rhyolitic crystalline tuff; 26— Coarse andesitic crystalline tuff; 27—Rhyolitic crystalline vitrinite tuff; 28— Rhyolitic clastic fused tuff;
29—-Breccia; 30—Breccia; 31—Porosity; 32—The study area; 33—The section position and number

3.2 TEMEFE Fa3E , B 30%~45% , i B KA (5%~15%)
FAREHL DKL AP R RS =B AHA (5%~25%) , 5 ki 4% 0.2~3.5 mm. RHCA
A FES B BCs s (T ABk) s Ca 228 AIBARCIR, 3840 AT WLERHT 3 206 N 2R R 3
J8 ) g e e s (R B (BB EEK KE, Np'AQ0D)=23, R AHES F An=33 iy P K
FaE o BRAZPLABHKR, Zm . Batt2R
FHTH 7 K5 R BRIREE M (Kl 4a)  HUtR R, 2 M0 . Ng'=IR 8 6, Np'={R B ki, L

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(1)



K4 HAIERX A& gl kilis B0 A
a—HLIH 7, BEIRZAY ST BURG A (—) s b— ST, BEIRZA— R R I () 5
c—IRBCH , BERMIHE (+) s fs— B AT s pl—RHRAT s san—B K AT
Fig.4 Photomicrographs of volcanic rocks of the Baiyingaolao Formation in the Zamuting district
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Fig.5 Zircons CL images of trachyte in the Baiyingaolao Formation from Zamuting district
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Fig.6 Zircons CL images of crystal welded rhyolitic tuff in the Baiyingaolao Formation from the Zamuting district
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Fig.7 Zircons U-Pb concordian diagrams trachyte ) (PM201—13) and crystal welded rhyolitic tuff (PM330-55)
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Table 2 Zircon U—Pb dating data of volcanic rocks in the Baiyingaolao Formation from the Zamuting district

- /10 [F)hi 7 Lo fE KN/ Ma
Th U TWU  Pb/U  xle  ™Pb/”U £le  “Pb/ U +le ™Pb/*U zxlo
o =Bt A (PM210-13)
1 348.06 45881 0.76  0.13288 0.00318 0.01974  0.00035 127 3 126 2
2 11207 211.02 053 0.14572  0.00651  0.02013  0.00039 138 6 129 2
3 6326 14539 044  0.13428  0.00604 0.01984  0.00039 128 5 127 2
4 59.56 13432 044  0.14357  0.00532  0.02011  0.00037 136 5 128 2
5 16195 25294 0.64  0.13055 0.00434 0.01895  0.00035 125 4 121 2
6 97.78 185.62  0.53  0.13438  0.00543  0.01987  0.00037 128 5 127 2
7 732 15973 046  0.13191  0.00567  0.01952  0.00037 126 5 125 2
8 7337 14875 049  0.13454  0.00561  0.0197  0.00037 128 5 126 2
9 86 18241 047  0.13357 0.00341  0.01946  0.00034 127 3 124 2
10 7198 15845 045  0.13199  0.00532  0.01965  0.00037 126 5 125 2
11 61.64 137.92 045  0.13735  0.0044  0.02049  0.00036 131 4 131 2
12 63.06 12866 049  0.1359  0.00674 0.02018  0.00039 129 6 129 2
13 69.06 15498 045 0.1415  0.00544  0.02095  0.00039 134 5 134 2
14 9517 183.12 052  0.13724  0.00899  0.01988  0.00044 131 8 127 3
15 90.6 196.41 046  0.13583  0.00544 0.01987  0.00037 129 5 127 2
16 9871 1782 055  0.13494 0.00347 0.01978  0.00034 129 3 126 2
17 6859 144.14 048  0.14255 0.00556  0.0207  0.00038 135 5 132 2
18 7485 169.65 0.44  0.13731 0.00554 0.01958  0.00037 131 5 125 2
5 B AUE (PM330-55)
1 21162 44775 047  0.13426  0.00531  0.02001  0.00031 128 5 128 2
2 239.72 399.44 0.60  0.14603  0.00328  0.02067  0.00028 138 3 132 2
3 17989 26545 0.68  0.15785  0.00384  0.02138  0.0003 149 3 136 2
4 28424 48347 059  0.1366  0.00286  0.02037  0.00027 130 3 130 2
5 44333 87519 051  0.14376  0.0029  0.02031  0.00027 136 3 130 2
6 15936 295.65 0.54  0.14119  0.00364  0.02053  0.00028 134 3 131 2
7 21626 352.1  0.61  0.14185  0.00327  0.02097  0.00029 135 3 134 2
8 30358 44171 0.69  0.14288  0.00308  0.02071  0.00028 136 3 132 2
9 12433 17892 0.69  0.15634 0.00785  0.0211  0.00036 148 7 135 2
10 3423 48359 071 0.13708  0.00305  0.02052  0.00028 130 3 131 2
11 27621 44421 0.62  0.1372  0.00301  0.02064  0.00028 131 3 132 2
1219629 363.83 0.54  0.14608  0.00341  0.02092  0.00029 138 3 133 2
13 30326 501.49 0.60  0.15181  0.00425 0.02042  0.00029 144 4 130 2
14 23319 412.83 056  0.14203  0.00322  0.02008  0.00028 135 3 128 2
15 311.62 532.03 059  0.14665 0.00301  0.02059  0.00028 139 3 131 2
16 359.13 553.56  0.65  0.15207  0.0031  0.02109  0.00029 144 3 135 2
17 1954 460.18 0.42  0.13129 0.00494  0.0197  0.0003 125 4 126 2
18 2375 43449 055  0.15499  0.00372  0.02097  0.00029 146 3 134 2
19 209.04 341.46 0.61  0.14174 0.00351  0.02096  0.00029 135 3 134 2
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Fig.9 Spidergrams (a for trachyte, b for crystal welded rhyolitic tuff) and REE pattern (c for trachyte, d for crystal welded rhyolitic
tuff) of volcanic rocks in the Baiyingaolao Formation from the Zamuting district (Sun & McDonough,1989)
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Fig.10 Animal and plant fossils within the Second Member tuffaceous fine—grained detrital sandstone of the Baiyingaolao Formation

a—Keratestheria rugosa Chernyshev; b— Keratestheria magna Chernyshev; c— Carpolithus sp.
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Fig.12 Discriminant diagrams for tectonic settings of the Baiyingaolao Formation volcanic rocks from the Zamuting district
(a) (K;0+Na;0)/CaO vs. 10000Ga/Al diagram (Whalen, 1987); (b)SiO.vs. AL,O;diagram (Eby,1992); (¢)SiO: vs. FeO"/(FeO™+MgO) diagram (Eby,

1992); (d)Nb-Y—
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Ce diagram (Eby,1992).
continental collision granitoids; POG—post orogenic granitoids; RRG—rift

related granitoids; CEUG—granitoids related to continental orogeny; A1—Anorogenic; A2—Post—orogenic)

http://geochina.cgs.gov.cn H1EMLTT, 2021, 48(1)



A8 B 11

BEI NS AR KNG AR BRI 5 v A AR R A e 279

F i 24 B AT 5K ) St fN Ba 7 1 M 88 = B Rb/Sr
i . 7F 10000 x Ga/Al— (K,O +Na,0)/CaO & fi# ( &l
122) FRBCA 276 A AL R A X, B H AN A
RUAE 5 5 T B R I8 e PR, LD R AT 2 T i
FCUR T B M E R A TR s A T
BRI

3 W NP S = ¢ s s =
MBCH I A A A R R A SRR, et oo
R 5% LOURRFHERVISZR A TH 2 a7
RETE BT M o7 ok -5 S04 2 Pl b 1 i ol 1
R M T R TR R, e A R R
BUA MR AR B ARTE AR T i — 2D i, S 30K
R 5 %

5.3 MIEEX

A X RS KA TR Sio-
FeO"/(FeO"+MgO) Kl fi } SiO, — ALO; Bl fift 1 (&l
12b.c.d) , JLBUH K415 A POG— 5 1 L1 AE (< 7
2 M JFFIIT 5 7R3 0 5 Nb—Y—Ce #4) 18 340 591 14 i (&
12d) I, i 8CH K-8 T A2 K3, T RRIE )T
1 1L SR A PR . R RIS (RRTF &
2, 1998 ; MREE S, 19985 5 SCH A, 2000, 2001) %
B, AL FE LA IEAE P RS R %0 b X 7E L
MO TMERENT ST . AXKRSCATENT
1 LU S B SRR 1 PR (A2) , 5 RS2 08 Th peg B
B ZTA% ZK L X (SR FE A5 55, 20165 48 X A9 B RS B ) 1
MEBCATE T AL & A58 (A2) A IA]

KPLZW A AR KL T B A 1 A 5 — H
FETEG I, 2 FA R 5l R AR v, 5
S5 5 — SR U T [ F AR A OC, TN A
b A A AL S O B T S A T Y 4
o FEE KT AR ) b DO = A ARk
s AR TAE M G4 K2R e X —H
DX AR AR RS 1) 5 A 5 ot AP Al B ) 7
AL VYR AT 5 o RS20 b DX 55 i i)l [X v A=
RAE R KOLE BB ] —2 (B A
HAEFE A, A AR < 7 ) 1 Xk 1L
PR — B A R A B —
(FEMRROAE, 1993 B 45 045, 1999) 5 1M R %42 14 Hb
XPRILL - ECH A AN, W T RE LR A %
LWL AT S SO 5 5 A A AR R 2 4, U]
THEPIVERNLHI SO RO AR 2257 . S4b,

TS A 2 2 O B ol T 5 R 2 U8 b IR R 1500
km, JF B ORKE , i ACE AR 75 R IR b 2 T 2
(R DG . EF ARG, R4S R A KL TR
4 ) 5 BRI 5 5% vl — B R YK v T R [ I b R A
KM, o (S E 4, 2005 ; MEA 55,2011 ;
BIRILAE,2014) IR FE R R 58— 5P ok
VRV A PG 1) 2R S 5 TR OCH IR BT R R L, —
BERFEE R RD  T Fe 2P A B 1) — R AL 3 i
PRP M —E et . 55 —5REE K d PR IS R
4 32 A E AT B2 R [ A AR L A TR iy =
B RS PREE B R R

FUARLE &3 o 2R K s A A bR Tz i
BB AN BFFEIX K 8 i @ rp A=Ak
M2, & BT B T RS G R 22 I (Jum),
AR B v Sk SRR AL (Jam) IS e AL (Jsmn), T H
WL A AL(Kb) A E 2 (Kam), KOLAE AT
FE AT b S B T 52 oty S 2 S I v e A b 2 R
T —24Z f e 2 T i I E R BE R, R
L B R AR B KLl TE Bl s L DA X
e LR —EWK KO Z A - LR A -
LA I KA A % E KA e
T 6 Sk B R IE B I IR AR R 52 SR
PRIETET UG 0] R IR o R0 K Ty N —24 L e 2 T
W 25 T o S S0 PR 2 AR DX L B0 1 e i
B3, KL Sl S 41X, AL s & i B T A2, R0
B T L KLU T v B0 A5 0 P 2R 9] 92 Jo —
WBUTA A A, TE T R 1 1 B R8T,
LU b2 0 RS, e b A T i A RIS ) PR
PEAIAEF 5 B 0K 2 24 J2 i DAES i 2R 91042 1
P PR AN e A ek R R B
TR TR v AR S A & R 102 A Bl b, AR3R T
A TR T T A Rl ™ 4, 2R B VG AR RS AR B S5 457K
ARG 242 il B D G, 52 SR K e o
WG A5 mEEHZ T — IR —Imii: A
HAL R, e LGS NS AT A A R
iR o T B s IRV E B U e )
T A Rl R 0 = o R S v A 1
DU RS I v S 0 7 i =X Wi | T B —
MZRA - LN ZRTA AL S, RV A B —
AR B , I 0 LA SR T R O AR 4R
TS IS4 o

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(1)



280 i [

b J 20214

F LA VR FH B [ 7E 29 130 Ma,
FREE I I ]G B AE 125~140 Ma, A BB T 521 20
B IR S ) R AN 0P 55 40K o N — % Bl Bl 4 DF
BI5 KL EW M X R 55 [ R R 3 A e 4k

6 4% i

(1) X FLAIE 5 75 8 2R K L 2 1 o v e 2l
MU — M5, 53017 LA-1ICP-MS £5 A
U-PbilI4E4E 5ok (131.6+1.2) Ma F1(126.9+1.5) Ma,
THE AT, 558 BT R e )2 B
YA S e 45 R — 30, RIE TRt e I

(2) H & e K ALE st 290 A E SRR
B F A1 ICE Rb, Th U, Pb, 5 Z1 5 5t 5 750 o0 &
Nb.Ta.Ti.P#lBa.Sr, i 80 E A B R A HRHIE
TRIC R S5 T OC R R —F sk B T RERD,
AT RETE AR T S 0 O g 3 IR T st
AR AR, B e R R RIS, A g R A
2N AR T T SOk T A KRS A

(3) A& EE OB R T 18 1S 5Kk A
WIEE, 55— E RO A A R G, Bk
TS SRR IR T ) R v S AR T A — %
BRE BT , K420 L X T 46 P 5% ] i1 JEE A
T IR A

Bt A SCE N H 1050000 LK 2 5+ & K
FARXPATEAERTHHRR, ALELIFF
TRBHTRERMEBCREL, REARRH A TR
iR HFHEHRRSLT T EEES AEFRT
Rl TR RRTIAEN AT, &
W — 3 7 R

xR
O 531 DX Tk BA . 1976, 1:20 7 BUTRS L4 DX iR

@ P 52T X B A . 1977, 1220 J7 W7 35 121 18 DX 3 4%
HR].

O NS HIA KM T EASBE . 2012, 1:25 J7 4% 1k LA IR X
BB ST A 4 R

O LT R 2 (L 59).2013. 1:25 5 AR X 4 [R].

@5 FIA K HLT T A B . 2012, 1:250 000 FEH& 3K LK
R DX g 2 4 45 (R

O 5t FA X HBR A BE . 2012, 1:50 000 SREEBEHF 5] |
ELR K6 R AR S IR IO IR DX bt 3R M 5 417 75 (R

@ 7 48 M TR A B ST B . 2013, 1:50 000 73 LM 3 35 A /K

TAE FEHCALRE VD JR T DX S R A R 15 R

@ fi 48 TR A BFFT B . 2015. 1:50 000 15 7 1 & Fg
FAR IR L R AT A 30 A T BB X I T A A 4 15 (R ).

Ot i ML TR A AT 5% 5% . 2016, 1:50 000 FLAAE = 75 57K
B gy BB\ LE MRS S X I S A A A 1 (R ).

O FEAFFE B BT A BT BE . 2014, WSS 1:5 TTHERI
PRI IERFER Y FLURE R R & 4 i TR 22
IR I BRI A IR X S S 7= 08 A AN T AR (R

References

Andersen T. 2002. Correction of common lead in U—Pb analyses that
do not report **Pb [J]. Chemcial Geology , 192(1):59—79.

Chen Z G, Zhang L C, Zhou X H, Wan B, Ying J F, Wang F. 2006.
Geochronoly and geochemical characteristics of Mesozoic volcanic
rocks section in Manzhouli Xinyouqi, Ineer— Mongolia[J]. Acta
Petrologica Sinica, 22(12):2971— 2986(in Chinese with English
abstract).

Dong Y, Ge W C, Yang H, Zhao G C, Wang Q H, Zhang Y L, Su L.
2014. Geochronology and geochemistry of Early Cretaceous
volcanic rocks from the Baiyingaolao Formation in the central
Great Xing’ an Range, NE China, and its tectonic implications[J].
Lithos, 205: 168—184.

Eby G N. 1990. The A—type granitoids: A review of their occurrence
and chemical characteristics and speculations on their
petrogenesis[J]. Lithos, 26:115—134.

Eby G N. 1992. Chemical subdivision of the A— type granitoids:
Petrogenetic and tectonic implications[J]. Geology, 20:641—644.
Fan W M, Guo F, Wang Y J, Lin G. 2003. Late Mesozoic calc alkaline
volcanism of post orogenic extension in the northern Da Hinggan
mountins. northeastern China[J]. Journal of Volcanology and

Geothermal Research, 121:115—-135.

Ge Wenchun, Lin Qiang, Sun Deyou, Wu Fuyuan, Li Xianhua. 2000.
Geochemical research into origins of two types of Mesozoic
rhyolites in Daxinanling[J]. Earth Science. 25(2) : 172— 178 (in
Chinese with English abstract).

Ge WenChun, Li Xianhua, Lin Qiang, Sun Deyou, Wu Fuyuan, Yun
Sunghyo. 2001. Geochemistry of Early cretaceous alkaline
rhyolites from Hulun Lake, Daxinganling and its tectonic
implications[J]. Scientia Geologica Sinica, 36(2): 176— 183(in
Chinese with English abstract).

Guo Feng, Fan Weiming, Li Chaowen, Gao Xiaofen, Miao Laicheng.
2009. Early Cretaceous highly positive ew felsic volcanic rocks
from the Hinggan Mountains, NE China: Origin and implications
for Phanerozoic crustal growth[J]. International Journal of Earth
Sciences, 98: 1395—-1411.

Guo Feng, Fan Weiming, Wang Yuejun, Lin Ge. 2001. Petrogenesis of
the late Mesozoic bimodal volcanic rocks in the southern Da
Hinggan Mts., China[J]. Acta Petrologica Sinica, 17(1):161—168(in
Chinese with English abstract).

http://geochina.cgs.gov.cn H1EMLTT, 2021, 48(1)



A8 B 11

BEI NS AR KNG AR BRI 5 v A AR R A e 281

Gou J, Sun DY, Zhao Z H, Ren Y S, Zhang X Y, Fu C L, Wang X, Wei
HY. 2010. Zircon LA-ICPMS U-Pb dating and petrogenesis of
rhyolites in Baiyingaolao Formation from the southern Manzhouli,
Inner— Mongolia[J]. Acta Petrologica Sinica, 26(1): 333— 344 (in
Chinese with English abstract).

Hidreth W, Halliday A N, Christiansen R L. 1991. Isotopic and
chemical evidence concering the genesis and contamination of
basaltic and rhyolitic magmas beneath the Yellowstone Plateau
Volcanic Field[J]. Journal of Petrology, 32: 63—138.

Huang Mingda, Cui Xiaozhuang, Pei Shengliang, Zhang Hengli,
Zhang Jianggiang. 2016. Rhyolite zrcon U—Pb dting and tectonic
significance in Bayan Gol Formation, Hinggan massif[J]. Coal
Geology of China, 28(11):30—37(in Chinese with English abstract).

Huang Shiqi, Dong Shuwen, Zhang Fuqin, Miao Laicheng, Zhu
Mingshuai. 2014. Tectonic deformation and dynamic characteristics of
the middle part of the Mongolia— Okhotsk collisional belt,
Mongolia[J]. Acta Geoscientica Sinica, 35(4):415—424(in Chinese
with English abstract).

Jackson S E, Pearson N J, Griffin W L, Belousova E A. 2004. The
application of laser ablation— inductively coupled plasma— mass
spectrometry (LA—ICP—MS) to in situ U—Pb zircon geochronology[J].
Chemical Geology, 211(1/2) :47—69.

Jahn B M, Wu F Y, Capdevila R, Martineau F, Zhao Z H, Wang Y X.
2001. Highly evolved juvenile granites with tetrad REE patterns:
The Woduhe and Baerzhe granites from the Great Xing’ an
Mountains in NE Chinal[J]. Lithos, 59(4) :171-198.

Le Maitre R W. 1989. A Classification of Igneous Rocks and Glossary
of Terms[M]. Blackwell, Oxford, 193.

Li Peizhong, Yu Jinsheng. 1993. Nianzishan miarolitic alkaline granite
stock, Heilongjiang——its ages and geological implications[J].
Geochimica, 4: 389—398 (in Chinese with English abstract).

Lin Qiang, Ge Wenchun, Sun Deyou, Wu Fuyuan, Chong Kwanwon,
Kyuan Duckmin, Myuan Shijin, Moon wonlee, Chi Soonkwon,
Sun Hyoyun.1998. Tectonic significance of Mesozoic volcanic
rocks in northeastern China[J]. Scientia Geologica Sinica, 33(3):
129-139(in Chinese with English abstract).

Liu X M, Gao S, Diwu C R, Yuan H L, Hu Z C. 2007. Simultaneous
in—situ determination of U—Pb age and trace elements in zircon by
LA—-ICP—MS in 20 um spot size[J]. Chinese Science Bulletin, 52:
1257-1264.

Liu W, Siebelb W, Li X J, Pan X F. 2005. Petrogenesis of the Linxi
granitoids, northern Inner Mongolia of China: Constraints on
basaltic underplating[J]. Chemical Geology, 219:5-35.

Ludwing K R. 2011. Users Manual for Isoplot/EX (Rev. 2.49): A
Geochronological Toolkit for Microsoft Excel[M]. Berkeley:
Geochronology Center Specila Publication, 1-55.

Meng Fanchao, Liu Jiaqi, Cui Yan, Gao Jinliang, Liu Xiang, Tong Yin.
2014. Mesozoic tectonic regimes transition in the Northeast

China: Constriants from temporal— spatial distribution and

associtions of volcanic rocks[J]. Acta Petrologica Sinica, 30(12):
3569—3586(in Chinese with English abstract).

Mo Shengguo, Han Meilian, Li Jinyi. 2005. Compositions and
orogenic processes of Mongolia— Okhotsk orogen[J]. Journal of
Shangdong University of Science and Technology (Natural
Science) , 24(3):50—64(in Chinese with English abstract).

Nie Lijun, Jia Haiming, Wang Cong, Lu Xingbo. 2015. Chronology’
geochemistry of rhyolites from Baiyingaolao Formation in the
middle part of Da Hinggan Mountains and its tectonic
implications[J]. Global Geology, 34(2): 296—304(in Chinese with
English abstract).

Qin Tao, Zheng Changgqing, Cui Tianri, Li Linchuan, Qian Cheng,
Cheng Huijun. 2014. Volcanic rocks of the Baiyingaolao Formation
in the southwest of Zhalantun, Ineer Mongolia[J]. Geology and
Resource, 23(2):146 —153(in Chinese with English abstract).

Shao Jian, Han Qingjun, Zhang Lvqiao, Mu Baolei, Qiao Guangsheng.
1999. Mu Baolei and Qiao Guangsheng. Two kinds of vertical
accretion of the continental crust: an example of the Da Hinggan
Mts[J]. Acta Petrologica Sinica, 15(4): 600—606(in Chinese with
English abstract).

Shao Ji'an, Zhang Liigiao, Mou Baolei. 1998. Tectono— thermal
evolution of the central and southern Da Hinggan Mountains[J].
Science in China, 28(3): 193— 200(in Chinese with English
abstract).

Si Qiuliang, Cui Tianri, Wang Ende, Ding Shu. 2015. Chronology,
geochemistry and petrogenesis of the volcanic rocks in Manitu
Formation in Chaihe area,Central Great Xing’ an Range[J]. Journal
of Jilin Uinversity: Earth Science Edition, 45(2): 389— 403(in
Chinese with English abstract).

Sun Deyou, Gou Jun, Ren Yunsheng, Fu Changliang, Wang Xi, Liu
Xiaomin. 2011. Zircon U—Pb dating and study on geochemistry of
volcanic rocks in Manitu Formation from southern Manchuria,
Inner Mongolia[J]. Acta Petrologica Sinica, 27(10): 3083—3094(in
Chinese with English abstract).

Tan Haoyuan, He Zhonghua, Chen Fei, Du Yuedan, Ren Zihui. 2017.
Zircon U— Pb ages and geochemical characteristics of volcanic
rocks in Baiyingaolao formation of Suolun area within central Da
Hinggan Mountains and their tectonic implications[J]. Geological
Bulletin of China, 36(5): 893— 908(in Chinese with English
abstract).

Tao Kuiyuan, Mao Jianren, Xing Guangfu, Yang Zhuliang, Zhao Yu.
1999. Strong Yanshanian volcanic— magmatic explosion in East
China[J]. Mineral Deposits, 18(4):316— 321(in Chinese with
English abstract).

Wang F, Zhou X H, Zhang L C, Zhang L C, Ying J F, Zhang Y T, Wu F
Y, Zhu R X. 2006. Late Mesozoic volcanism in the Great Xing’ an
Range (NE China): Timing and implications for the dynamic
setting of NE Asia[J]. Earth and Planetary Science Letter, 251:179—
198.

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(1)



282 i &

b J 20214

Wang Xiong, Chen Yuejun, Li Yong, LiSenlin, Wang Changbing, Liu
Yongjun, Zhu Huailiang, Wu Guoxue. 2015. Geochemical
characteristics and geological implication of volcanic rocks in
Early Creataceous Baiyingaolao Formation from Taerqi area’
middle—north part of Da Hinggan mountains[J]. Global Geology,
34(1): 25—33 (in Chinese with English abstract).

Wang Yang, Xu Zhongyuan, Liu Zhenghong, Li Shichao,Wang Shijie,
Du Yang. 2017. Formation mechanism of Baiyingaolao volcanic
rocks in Wenbuqi area of Da Hinggan mountains[J]. Global
Geololy, 36(2):1—11(in Chinese with English abstract).

Whalen J B, Currie K L, Chappell B W. 1987. A— type granites
geochemical characteristics, discrimination and petrogenesis[J].
Contribution to Mineralogy Petrology, 95:407—419.

Wright J B. 1969. A simple alkalinity ratio and its application to
questions of non—orogenic granite gneiss[J]. Geological Magazine,
106(4):370-384.

Wu Fuyuan, Caolin. 1999. Some important problems of geology in
Northeastern Aisa[J]. Global Geology, 18(2): 1—13(in Chinese with
English abstract).

Wu Yuanbao, Zheng Yongfei. 2004. Zircon genetic mineralogy and
constraint on its U—Pb age[J]. Chinese Science Bulletin, 49(16):
1589—1604 (in Chinese).

Xue Huaimin, Tao Kuiyuan, Xie Jiayin. 1993. Approach to parent
magma qualities and differentiation for Mesozoic volcanic rocks in
Zhejiang and Fujian Provinces[J]. Volcanology & Mineral
Resources, 10(1):1—8(in Chinese with English abstract).

Yang Yang, Gao Fuhong, Chen Jingsheng, Zhou Yi, Zhang Jian, Jin
Xin, Zhang Yanlong. 2012. Zircon U— Pb ages of Mesozoic
volcanic rocks in Chifeng Area[J]. Journal of Jilin University
(Earth Science Edition), 42(Supp.2): 258— 267(in Chinese with
English abstract).

Zhang J H,Ge W C,Wu F Y,Wilde S A, Yang J H, Liu X M. 2008.
Large— scale Early Cretaceous volcanic events in the northern
Great Xing'an Range,Northeastern China[J]. Lithos, 102: 138—157.

Zhang J H, Gao S, Ge W C, Wu F Y, Yang J H, Wilde S A, Li M. 2010.
Geochronology of the Mesozoic volcanic rocks in the Great
Xing'an Range, northeastern China: Implications for subduction—
induced delamination[J]. Chemical Geology, 276: 144—165.

Zhang Letong, Li Shichao, Zhao Qingying, Li Xuefei, Wang Lu, Li
Zihao. 2015. Formation age and geochemical characteristics of
volcanic rocks from Baiyingaolao Formation of middle Da
Hinggan mountain[J]. Global Geology, 34(1):44— 54(in Chinese
with English abstract).

Zhang Lianchang, Chen Zhiguang, Zhou Xinhua, Ying Jifeng, Wang
Fei, Zhang Yutao. 2007. Characteristics of deep sources and
tectonic— magmatic evolution of the Early Cretaceous volcanic in
Genhe area, Da—Hinggan Mountains: Constraints of Sr—Nd—Pb—Hf
isotopic geochemistries[J]. Acta Petrologica Sinica, 23(11): 2823—
2835(in Chinese with English abstract).

Zhang Qi, Ranghao, Li Chengdong. 2012. A—type granite: What is the
essence? [J]. Acta Petrologica et Mineralogica, 34(4): 621—626(in
Chinese).

Zhang Xiangxin, Gao Yongfeng, Lei Shihe. 2016. Geochemistry and
petrogenesis of the rhyolites from the Baiyingaolao Formation in
the Hongeer aera’ central Inner Mongolia[J]. Geoscience, 36(5):
950-960(in Chinese with English abstract).

Zhang Xuebin, Zhou Changhong, Lai Lin, Xu Cui, Tian Ying, Chen
Lizhen, Wei Min. 2015. Geochemistry and zircon U—Pb dating of
volcanic rocks in Eastern Xilin Hot’ Inner Mongolia and their
geolocial implications[J]. Geology and Exploration, 51(2):209—302
(in Chinese with English abstract).

Zhang Yaming, Du Yuchun, Cui Tianri, Li Linchuang, Qin Tao. 2014.
Baiyingaolao group volcanic rock characteristics and genesis in
Zhalantun region[J]. Metal Mine, 456(6): 101—104(in Chinese with
English abstract).

Zhao Lei, Gao Fuhong, Zhang Yanlong, Xu Huaimin, Zhang Liyuan.
2013. Zircon U—Pb chronology and its geological implications of
Mesozoic volcanic rocks from the Hailaer basin[J]. Acta
Petrologica Sinica, 29(3): 864— 874(in Chinese with English
abstract).

Zori Y A. 1999. Geodynamics of the western part of the Mongolia—
Okhotsk collisional belt, Trans— Baikal region (Russia) and
Mongolia[J]. Tectomophysics, 306:33—56.

Bt 32 228 STk

BRERS, 5% S, B, T, B, TR, 2006. WU TUBAE K
LA S T AR A AU ER LA AR (D). 5 A 23R, 22(12):2971-
2986.

B, 2EHRE, MROR, IMEAR, SARIC TR 2001, IR R
B 1 O S (0 LR fL R AR R H R YL [0). HUBTRLAE, 36
(2) :176-183.

B SCHR, MR, IMEAT, RARTC, ZEHkAE . 2000, 4L AT
MU A B MR 2R IR I (] . HbERBL2E, 25(2): 172-478.

SR TR TR ZE MR . 2001, S4B v A A U R
UWEF]. A 2447, 17(1):161-168.

B, IMER, BB, AT 2R, dkepoT, AHESE, T, 2R 2010.
TN BRI A S A D). AR, 26
(1): 333 —344.

TR, HIEEE, JE3E R, SRIEA, RESR . 2016. X442 (1735 8 %
L BUA AT U—Pb A7 i K A 3 22 SCI]. v [ ¢ b R, 28
(11) :30 =37.

OB, SER S, SRR, YRR, RN, 2014, FE T —REE K i
Al T BRI AT ) 2 F PR [D). HLERAEAR, 35(4):415—-424.

ZeR i, T 1993, BIRTTOR T 11 S M 16 5 A R4 i K
R X [I]. #hERTE2E, 4: 389-398.

MG, B SO, IMIER, SeARTT, ToBh v, X PEE, BRI, 25 S0, A
FHeali, . 1998, v 2R b i X b AR AR Rk b b 1
ST MR, 33(3):129—-139.

http://geochina.cgs.gov.cn H1EMLTT, 2021, 48(1)



S48 1

BEI NS AR KNG AR BRI 5 v A AR R A e 283

s PURR, XUZERL, 455, 4 ae, XIHE, B, 2014, FF ARG HLIX A
AR A A6 7% <o A LA I 45 40 A0 S A LA R 2 0].
B 2R, 30(12):3569-3586.

BOHIE], WG TE, ARk 2005, 52t SRR STk LA I 4 B g 1
SRR INARBHE K254 - A SRBRIERR, 24(3):50-64.

TeAr A, B, R, . 2015, RO T B R BT
BUAATARF 3R fh A7 I b o 3 SC[D]. TSR M, 34( 2) @ 296~
304.

FU, R, R A, 2RI, B, MRS AE. 2014, IS LS i
X K A Rk A AR S R )] R S
PRI, 23(2):146 —153.

BRPr e, SKRIB IR, ARG . 1998, K242 g B b A= 1R i 1 it
fk[]. HERE(DEE), 28(3): 193-200.

RG22, #h R4, sRIBAR, RO, v AE 1999, i 5e 35 ) 34 A= 1) 9
AT 2 RLR L2 R B[], A A7 2F 4R, 15(4): 600—606.

ARk, R H, FRAE Tk, 2016, K 422048 580 195 25 B4R 4
BT U=Pb E4E B RARTI). AR 2A 40 (A R BLA D,
37(3) :412 —415.

IMEA, W AT A, FHESE, T, BN . 2011, 3P L RIS e
I 26 KL B A1 U—Pb 4R IS 5 M R AR 2 T 5 (0] 25 A7 24T, 27
(10): 3083—3094.

WA IG, R, BRTK, AR ST, AT T2 2017, %2208 h BER 1S H
X 135 B 2 40 K L 5500 U=Ph AR MR Tb S5 R M v 75
XI]. MR, 36(5): 893—908.

VgZE e, B, TG, PR, BT, 1999. R ZRFSE LT X 1l —
IR R[], R HLT, 18(4):316—321.

B, PRARIT, R IE 22, A, FIMHE, #2017, K204 A H
X & e ALK A TR LR [T]. T, 36(2):1-11.
SICLR, K K. 2004, BT H) 2 EIE KT U—Pb 4 I R

B Z00]. Bl AR, 49(16): 1589—1604.

T, RER A, 225, R, FAREE, XK, RIFSE, R E .
2015, K242 A Jb BEE SR AL IR S St (3 2 s
HBRAb A RAE B A SC[T). TS Hb T, 34(1) @ 25-33.

SARTC, EAR. 1999, F A0 b X 145 55 2 KL ml i S [ D). {5
5, 18(2): 1-13.

BEVR RS, B4 0C, I . 1993, Wil b A= A Ll B2 M BT e
SRR, KL 55777, 10(1):1-8.

s, WHRLL, RITIE, R, sk, 44, 5K T8 . 2012, JRIGH X
AR LB AT U-Po AR 2E TR (], 35 PR 25 2 i (b3RR3
), 42(38 1) 2):257-268.

TRAE, PRI, ZRRZR . 2012, ATIAE G AR SR AT A2 BAA0)
AR, 34(4): 621-626.

TRARIE, AR, B, 2R EE, T, 25T 5. 2015, R4 B
FI35 B A LA AT R Bt R A 22 R AE [0, 1A 5, 34
(1):44 —54.

TR B, BRAE)T, FBrE, Pk, TR, SR, 2007, KR4I
Hb DXL S L TR R X 5 3 — 25 J AL - St—Nd—Pb—
H A B HERL2E I Z010). A2, 23(11): 2823-2835.

SRS, Wk, EHERL. 2016, NS TR ERLLAR R ML IX 1 s 2
MU HERLAFARRAE S A [T]. B HLS, 36(5): 950—960.

gk, JEHCLL, bk, TR, TR, PRI UT, BRI . 2015, BRI R AR
TR M AL A HUBR AL 2R R E . LA-MC—1CP-MS
BT U—Pb 4RI Bt T X [J]. s S5 IR, 51(2):209—-302.

TR HH, FE R, R H, 2501, F 0. 2014, FL22 i X (% B %
2K ERAE B R HI[T]. &SR 1L, 456(6): 101-104.

WA, FARLL, SRE T, BRI, SRANEE . 2013, MR @ 2R Ak
A HS A U—Pb ARAC2E KL L)), A 4R, 29 (3): 864—
874.

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(1)



