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Sedimentary Characteristics, Provenance Analysis and Tectonic
Significance of the Late Cretaceous Abushan Formation in
Tonamu Area, Northern Qiangtang

DU Lin-tao, LI Ya-lin
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Abstract: The Qiangtang—Lhasa collisional orogeny is the most important Mesozoic tectonic event in the Tibetan
Plateau. The Late Cretaceous Abushan Formation in the Qiangtang Basin serves as the sedimentary record of the
Qiangtang—Lhasa collision orogeny. There is a rare Late Cretaceous Abushan Formation deposit in northern
Qiangtang Depression in Tonamu area. However, the tectonic setting and dynamic mechanism of its formation
remain unclear. In this paper, the sedimentary environment and provenance of Abushan Formation in Tonamu area
are shown in detail. The comprehensive analysis of the provenance, including the composition of gravel,
paleocurrences, sandstone petrology, heavy minerals of sandstone and U-Pb dating of detrital zircons, shows that
the central uplift belt and the interior of the basin all provided the provenance of the Abushan Formation.
Combined with the comparison of the Abushan Formation in the adjacent areas, it is considered that the
provenance of the study area came from the underlying sediments in the southwest of the basin, the volcanic rocks
of the Late Triassic Nadiganri Formation and the basement of the basin. Sediments of Abushan Formation are
controlled by intra-basin structures. The provenance characteristics of the Abushan Formation in the Tonamu area
reflect the thrust event in the Late Cretaceous terrane of the northern Qiangtang and were related to the collision
of Qiangtang—Lhasa Terrane.
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A-bottom conglomerate; B—channel migration; C—sedimentary sequence of sandstone conglomerate in the lower section; D—near-vertical
strata at the synclinal core of the top section; E-upper member of the conglomerate sedimentary sequence combination; F-boulder clay.
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Fig.3 Sandstone photo of TM16 section of Abushan Formation in Tuonamu area
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Table 3 Statistics of sandstone detritus of Abushan Formation in Qiangtang Basin

i) RS Atk Qm Qp Qt K P F Lv Ls Lt
TM16-02 AR E 151 53 204 12 3 15 58 142 253
TM16-05 AIRE 168 54 222 5 10 15 69 74 197
TM16-08 AIRE 142 46 188 22 2 24 50 110 206
TM16-11 IR 183 58 241 13 4 17 69 105 232
TM16 TM16-15 HIB AR 218 53 271 13 8 21 57 112 222
TM16-19 HIB AR A 202 51 253 14 6 20 93 79 223
TM16-24 B 192 43 235 4 5 9 81 86 210
TM16-31 AHEUE 191 48 239 11 16 93 92 233
TM16-36 AHEWE 232 53 285 3 11 69 95 217

a—H B b—a AP .
a—lithic sandstone; b—lithic quartz sandstone.
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Fig.5 Microphotograph of the Abushan Formation in Tuonamu area
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Table 4 Heavy mineral correlation index description
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Table 5 Percentage content and index of heavy minerals of Abushan Formation in Tonamu area, Qiangtang Basin
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Fig. 7 Comparison of heavy mineral indexes between Abushan Formation and potential source area in Tonamu area,
Qiangtang Basin (data of potential sources after Zhang et al., 2006)
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HUEL 0°-75° R E (B 2), KUY F LK AMRKX
(VARG 7 1] o W88 A 21 A et 45 A o B A 11 b
FHUCEBWA IS, PEEEARD S, AYE
DAL, B EE KA RRAA
Ja, HRRITRREAE, WEE B R ek A K
DUAR Hb 2 DA J o e [ i Y A8 BT % (Zhang et al.,
2006) . bR LAV B FIR o 3, RO IR IBLIR,
Oy VERRE 2%, GEAN R RCAIR, LA 35 3 B R SR
2 Tk R ks, X SR AEE A MR
it 22 BH AR, 2 5 Sy T E Do i Ll R B D5 — 3

A 5% DX 4P 3 9 PG A 5 Te) 26 AR b X DA R 8L v
b D[] TR A b 2 Y B8R A B DA KA B . AR A
YA ALK Fa . A KiE . KA B
W50 E (G4, 2007), THAHISE B A Ll 20 8k A 8453
Bt gL AT N IR RS . . LA SRR
bk, IF LB ST X BT A 1 4 i K O 2 B TR Ok 1
PERG 71, (ER 5 HLART (4 7 e 1 [0 303 AR ) Bk
AR E 22 BN 2z Ak, L b5 e v s R R o
WFFE XS EL R A P 8, 00 1T i et 9 3 =2 8] W] R
A WA R, 1272 B rb ok R 5 S BaF 5 DX BT A
TN 27/

B ) 20 G B A ok O 8 5000 A REAE R
&, ACIEHEFCAIA b DX BT A 111 440 5 A A 22 ol PR
AR, A 225, DR . S (O
DN BRRRE ) Ry L A3 Ll (G -
o MZi$5%50N 0 W, % X KRR A S
PR . ATi F5E AL JLSF-AS 2R RZi 48 50 248
b, RZi R BAERE AT A AR, U6 Z X H AR
SE RN A I A SR TTRVA IR X A . 05 8
RS DR A A I AEAE R B A S - M kL
FRX A, XTFARSC, AR RE S o A
g% 5 (Zhang et al., 2016), {H2% E2|dtIcHE P
AR A KR B i A FE A 9 (Zhang et
al., 2006), H.— [ H P IC T XA L — R A
M FHEAH, ATI-ZTR, ATi-RZi HA 355K e %
A5 X BT A3 L 2 5 G S8 e — B th i 2 HL 2L
Al 7), RZi-ZTR . GZi-ZTR DL K GZi-RZi
TG B g 2 WA BT A L 215 b S i e = B i
JZHERI A S 7), B BT
By 13 Ly 20 9 U5 W] B OR B AL IETE N R AR TR L)
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R 8 4 B SR IR b JEIH 8 F4 (Gehrels et al., 2011; Wang et al., 2018; Zhang et al., 2019; £&f5 &, 2020); H Je[EE 4 (Dong et al.,
2011; Pullen et al., 2011; Zhao et al., 2014; Fan et al., 2016); ® JS ¥4 i (Gehrels et al., 2011; Ma et al., 2017, 2018); H Je [ 45 3%
. A 45 (Pullen et al., 2011; Zhai et al., 2013),

Detrital zircon data source: North Qiangtang Depression (Gehrels et al., 2011; Wang et al., 2018; Zhang et al., 2019; QIAN, 2020); Central
Uplift Belt (Dong et al., 2011; Pullen et al., 2011; Zhao et al., 2014; Fan et al., 2016); South Qiangtang Depression (Gehrels et al., 2011; Ma
et al., 2017, 2018); magmatic rocks and metamorphic rocks in the Central Uplift Zone (Pullen et al., 2011; Zhai et al., 2013).

E 8 FZEZMITEMARXAARLESEA U-Pb FRS5EEMIREXITLL

Fig. 8 Comparison of zircon U-Pb ages and potential provenance of the Abshan Formation in Tuonamu area, Qiangtang Basin
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WFFE AT L ZH R B B A U-Pb AE IR I (R 32530 — — X}
N (E 8)o LAk, 208 Ma W A% 5 6 FE 3 IR IE XI
H 2K LA 4R IR (205-223 Ma)$e h— 20K 8). Xtk
Hh e R W B A RIS IR L R R AR A DL Rk
LA U-Pb 41k, Hh SRR i 2k 154 Ma JLAY A,
HAR VAR5 R — B (B 8) o X H g JE 14 5 41

AR TE (] 8), FEIEHEELIE 154 Ma JLARYIG (4RI,
AT AT A 11 4L B2k 2 TE 1880 Ma S AU I {H 4F 1§,
HARWEAE AR B — 2, 25 IR B /K I B e 4 U5
b= = s [ I T = el oyl T N S o
90-55 Ma Z[A]J4bF P B T &% B Bt (Qian et al.,
2020), [ 1R I8 30 A5 T ) o AN AT R A A0 9T IX AL
Pig . eAb, ASWFZERTAG LA AR JE 4 A U-Pb AR
585 96 5 XU P (Meng et al., 2017) LA K B8 1% 4
X (Ma et al., 2017)(1& 8)AH Ik, @k /D M4
ARG, FROAE . AU ISR A LA R XA A — R Y
ZE5E

g5 b, ARSCAABFIE X Pk A 751 N VS R
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Fig. 9 Sedimentary evolution model of Abushan Formation in Shuanghu-Tonamu area
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N TR I8 58— 5% Al 1 3 1L AR A 45 SR (F Sr
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94 Ma Z[H], FEYNA b X b TPk b 7+ 3 25 B Bt
MR TCVIRIC 5, H 2 A Hh e B A e G 7 0 (OB
WL AEAR L D) A 7E A R SR RS DORR(B 9A, AY); 7E
94-80 Ma Z [1], #F5¢ XA IHAL TR B AR TS 2R,
B ARXS B Be— V2 240 THE WSS, OF98 IXIF IR 35
2ok F VU EE 7 R, DURR T DARRSA S A
WRIB YL, R A B 5 By A5 1L 4 35 6 o AR 2R
Bi(F 9B, BY); 7£ 8069 Ma 2 [f], W5t XA HHT
b FAEERAS, MR R R e, IKIAHEZ R A
JEPG R 5 ] s, DR T AR Ry 3 (A T 2R
O JTE, X FAS B S8 B A7 L 2 b 6 bR e A
(K9, ).

5 &4
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W2 BT At 3 vy s ol o AU FESEFE AN AR M IX 1 4l
DIk Ze Iy T PR B T 4 55 B B (100-94.9 Ma), Joiit
FUOSE:; 16 94.9-80 Ma 26, ¥ THE 5,
TRk A VR 7 I I8, T8 BT (L2
BB 8 h R B PR DA R A 3 B R S ) BT, 80—
69 Ma Z[HIBFFEIX S G FHAL TAFHARE, DIRT
bR R I IR EE LA A T2 AR AR TR
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