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Abstract: This paper is the result of geological survey engineering.

[Objective] Recently, more studies show that the sediment recycling plays an important role in the inversion of the tectonic events,
the identification of sediment source areas and the sources of eolian dust. [Methods] In order to explore the Cenozoic sediment
recycling in the Qaidam Basin, this paper conducts thin section identification, detrital framework grain composition and heavy
mineral analysis of sandstones, and major, trace, and rare earth elements, and clay minerals of mudstones of the Dahonggou section
in the northern Qaidam Basin. [Results] The major, trace, and rare earth elements of mudstones are similar to the standard
distribution patterns of upper continental crust (UCC) and chondrite, which may indicate that the sediments have been completely
mixed or recycled; Sandstone is mainly composed of quartz, and a small amount of feldspar and lithic grains which are mainly
composed of sedimentary ones. Sandstone framework detrital mode indicates a provenance type of recycled orogenic belt; The
content of stable heavy minerals and ZTR (zircon, tourmaline, and rutile) index suddenly decrease in the upper portion of the section,
indicating a closer source area to the section during the late stage; On the contrary, the contents of chlorite, which is easy to
decompose, suddenly increase in the upper portion of the section. This observation might also shows that its source area was closer at
this time. [Conclusions] Based on the analysis of sedimentary facies, sandstone thin section and detrital zircon U-Pb age, it was
suggested that the Jurassic and Cretaceous sedimentary rocks in the thrust—fold belt of the northern Qaidam Basin experienced
large—scale sediment recycling and were one of the important provenances of the Cenozoic strata in the basin; Then, the
fission—track analyses of detrital apatite show that the Cenozoic sedimentary rocks in the northern margin of the Qaidam basin have
experienced significant recycling at 9—7 Ma; After about 3 Ma, with fold—thrusting propagating into the basin center, the uplifted
sedimentary rocks in the northern basin experienced recycling, which form the important provenance of the Quaternary lakes within
the center of the Qaidam Basin and of the Quaternary loess deposits in China Loess Plateau.

Key words: geochemical analysis; detrital framework grain composition; heavy mineral analysis; sediment recycling; Dahonggou
section; sedimentary basin; northern Qaidam; geological survey engineering

Highlights: (1) The Jurassic, Cretaceous and early Cenozoic strata in the thrust—fold belt of the northern margin of the Qaidam Basin
were the important provenances of the late strata in the basin; (2) The Cenozoic sedimentary rocks in the northern margin of the
Qaidam basin have experienced twice significant sediment recycling at 9—7 Ma and 3 Ma.
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a—Digital elevation model (DEM) of the Qaidam Basin and its surrounding areas; b—Elevation map of the corridor section (A—A') in the northern

Qaidam Basin margin. The blue line represents the average of the 10 elevation profiles, and the upper and lower black lines are the maximum and

minimum elevation, respectively; c—Geologic map and sampling sites of the Dahonggou section and its surrounding areas
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Table 1 Major element contents (%) of mudstone samples in the Dahonggou section

FEa s R E/m Si0, TiO, AlO, Fe,O, MnO MgO CaO Na,O K,0 P,0,
DH-19-1 2601.4 53.1 0.7 17.4 7.5 0.06 2.8 49 1.4 35 0.15
DH-19-3 3002.8 57.1 0.7 159 6.1 0.06 3.1 3.7 2.0 34 0.13
DH-19-5 33239 64.4 0.7 13.1 5.0 0.06 2.3 34 2.2 2.6 0.13
DH-19-7 3708.8 50.6 0.6 13.1 5.5 0.13 2.9 10.0 1.9 2.8 0.16
DH-19-9 4102.5 51.7 0.8 17.0 6.3 0.07 33 6.2 1.5 3.4 0.13
DH-19-11 43425 61.3 0.6 114 43 0.09 1.9 7.2 2.1 2.2 0.14
DH-19-13 4577.0 59.9 0.7 14.4 6.4 0.07 29 3.8 2.1 3.0 0.14
DH-19-15 4856.0 61.7 0.6 15.1 5.9 0.08 2.5 2.7 1.7 3.0 0.14
DH-19-17 5269.6 52.6 0.7 16.1 6.7 0.11 3.1 5.9 2.0 32 0.14
ucc 65.9 0.5 15.2 4.5 0.07 2.2 4.2 3.9 3.4 0.20

vE: UCCH#Ek E Taylor and McLennan (1985).
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QIBCA PR o WA WARZE + 0 X B4 A it
ST (SY/T5163-2018) 45 H A R My 204 1
JER A a = RN W - 52| N B st i Y ED g5 8

4 SEEGER
41 FETE

KL HH R FERITREBIR R 1 iR, Ut
FWrh ALO, (11.4%~17.4%, FIE N 14.8%)F1 Si0,
(50.6%~64.4%, F-II{E N 56.9%) & et f; HKH
Fe,0, (4.3%~7.5%, -2} 6.0%) . MgO (1.9%~
3.3%, SFHME K 2.7%) . CaO (2.7%~10.0%, FHI{E
9 5.7%) . Na,0 (1.4%~2.2%, FHIE K 1.9%) . K,0
(2.2%~3.5%, F ¥ N 3.0%) LI & TiO, (0.6%~
0.8%, “FH4{E K 0.7%); MnO (0.06%~0.13%, “F-H{E

}0.08%) Fl PO, (0.13%~0.16%, “F-HI{E N 0.14%)
i,
42 WETE

TR A WL 3R 20 BR Zr (137x107°~280%
10°)., Zn (61x10°~110x107°) , Ba (431x10°~1090x
107°). Sr(151.5x107°~262.0x107°), V (80x10°~132x
107°) 1 Rb (98.4x107°~160.5x107°) & & # i 100
107 4b, HAb TR & 83/ F 100x107°, Rb/Sr
FCMEYE A 0.53~1.01, SF-H4{E 4 0.76; Th/Sc HL{H3E
FilA 1.05~1.39, FHI{E R 1.19,
43 %I LE

h& 3 AN, B +Jc&E (La, Ce. Nd. Sm.
Pr) & AN E, YLREE 4 143.1x107°~195.8 x10°°
(Y LREE=La+Ce+Pr+Nd+Sm+Eu), *FHHE"} 169.06x
10°% 1M & f& + ¢ % (Gd. Tb, Dy. Ho. Er. Tm,
Yb. Lu) & 5, YHREE & 17.1x107°~22.4x10°°
(YHREE=Gd+Tb+Dy+Ho+Er+Tm+Yb+Lu), *FHJ{H
7 19.34x10°°, EwEu“FH#{H R 0.61. MEBRFLRG A
FrRuEAL rh 2 vl LA e A A B A AR LAY REE Bl

R2 KOHFEREHRHBRETERSESILE

Table 2 Trace element contents and ratio of mudstone samples in the Dahonggou section

RS FE/m JLE AT R/0° He i

" - v Cr  Co Zn Rb Sr Ba Th [¥] Zr Sc Rb/St  Th/Sc
DH-19-1 26014 127 89 173 109 153.0 1515 445 168 28 159 160 1.01 1.05
DH-19-3 30028 118 87 180 100 1605 1880 505  19.0 59 193 146 0.85 1.30
DH-19-5 33239 95 75 131 75 1220 1680 431 155 3.6 280 11 0.73 1.39
DH-19-7 37088 98 72 143 8 1265 2620 1090 146 32 162 116 0.48 1.25
DH-19-9 41025 130 95 209 110 1540  209.0 461 182 45 163 159 0.74 1.14
DH-19-11 43425 80 61 110 61 984 1845 477 113 29 209 9.0 0.53 1.26
DH-19-13 45770 111 8 166 89 1305 171.0 472 142 33 165 129 0.76 1.10
DH-19-15 48561 110 81 170 88 1365 153.0 457 143 37 173 130 0.89 1.10
DH-19-17  5269.6 132 83 176 97  141.0 1665 487 151 38 137 137 0.85 1.10

ucc 60 35 100 71 1120 3500 550 107 28 190 110

7E: UCCH#E K H Taylor and McLennan (1985).
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Table 3 Rare earth element contents and ratio of mudstone samples in the Dahonggou section
b o TEE R0 Lefl
FrAn S AREm — Ce Pr Nd Sm Eu Tb Gd Dy Ho Er Tm Lu Yb  EuwEu*
DH-19-1 2601.4 41.1 85.0 9.4 33.7 6.6 1.3 0.9 6.1 5.4 1.1 2.9 0.5 0.5 2.8 0.62
DH-19-3 3002.8 46.2 93.1 10.6 37.2 7.3 14 1.0 6.4 5.7 1.2 34 0.5 0.5 3.1 0.62
DH-19-5 33239 41.6 87.0 9.6 354 7.0 1.3 1.0 6.6 5.9 1.2 34 0.5 0.5 34 0.59
DH-19-7 3708.8 40.7 80.0 8.7 31.2 6.0 1.2 0.8 5.7 5.0 1.0 2.9 0.5 0.4 2.7 0.59
DH-19-9 4102.5 45.5 91.5 9.8 37.0 6.8 1.4 1.0 6.4 5.2 1.1 3.0 0.5 0.5 2.9 0.64
DH-19-11 4342.5 339 67.1 7.6 28.1 5.3 1.1 0.8 5.1 4.5 0.9 2.7 0.4 0.4 2.5 0.62
DH-19-13 4577.0 33.8 69.0 7.9 28.9 5.6 1.1 0.8 5.3 4.5 0.9 2.7 0.4 0.4 2.5 0.62
DH-19-15 4856.1 36.0 78.6 8.4 30.3 5.9 1.2 0.8 5.7 4.6 1.0 2.7 04 04 2.5 0.61
DH-19-17 5269.6 36.1 76.4 8.1 29.6 5.7 1.1 0.8 54 4.7 0.9 2.7 0.4 0.4 2.4 0.61

*: BuEu*=Euy, /0.5(Sm+Gd ), NFRZRERRLBUAFRHELL, BdfE K H Palme (1988).

o3t (18 4)
4.4 BEEBR S

WO (R TR FOR BT 25 SR WL 4. Wb i 2
RO A FE(QL) . UKD R A (F) FAE (L),
Ho g 8 FE R DUBUS B AL (& 5, B 6) . ASdr
N 74.3%~86.0%, “FIHIMH K 79.7%; #BIRZ, &
N 10.7%~18.7%, “FHMEN 14.2%; KA & B>
i 3.3%~8.3%, FHIEN 6.1%. WFIETR G114,
UL 6, DH-19-2 # 5 f1 TR0k K/, R LA i
(Rt
45 EWYASE

FHH Y EEES T 5. Hd, 888 (3.0%~
39.1%, “FIME A 17.4%) . WA (7.6%~23.9%, F-
YA N 17.4%) . 555 A1 (2.7%~23.9%, F-YI{EH K
14.4% ) FLA B (6.4%~22.8%, “EYME K 15.5% ) T
o7 ISR, Mid A, FB A . B A BRI /i
R S IN A A S50 P A X A

o S i R Y/ R R DR o 4 L7 ST R 1]
BRA ML, SE YA 5 32.1% F1120.7%, HKCH
B A EAERA s FImeb IS 45 A . AR AR A
A G R 2 I RV, YA 5 22.1%.
17.5% F1 7%, ¥ 8 FER R & b 78 L yhid
LT AN I 2 b, AR A B ik 3 B K AH, P38
{ER 24.2%, 1IN FIERAS A1 25 W AT B A, (RT3 L
L A S, AT AR e S PRI
RAS(E 7)o BRI, 12 H X A AR i (AN TN
A BT AR S BN, JOscE CngS L Bk
A1 W AR ) I

ZTR IR BRIERUET Wi . A RS LA
TEE B A9 1 B 5 A9 L9 (Hubert, 1962) . K4L
I TE Y TSR 2 AT R ZTR {8.(40.25%~

44.41%; £2 5); Tl . b ymab 2l A4
b ZTR (B P 2 FAIK (8.32%~24.89%; 3£ 5) .
46 Fitu Y

8 J&HE B/ 3 44 & (DH-19-1, 3. 5) 1Y
XRD &, NEIF AT LA H 0 ) R 2 a s 52
RZ . PR S0 L mIe . Hrp 3R 2
%% (38%~70%, V- (N 54.3%) ; HIKZFHI A
(19%~42%, SEXMEH 31%) ; LRIRAT (7%~12%, -1
81 8.7%) Fl i U4 7 (4%~8%, F-YI{H N 6%) & &
wBR(E 6, K 9),
5 1 1w’
5.1 AR Z IS+ R b E AT AR B iE BT

TR b i b Bk fh 27 T R & mt AR AR KR B
R T U A B R R IR 2 R B A, R AR
Fa b R DX FTRG) 1 T 5 ) EE 224k K (Bhatia and Crook,
1986) . CAWFIE &I, MUTEYFLGE RIE R B, DT
U Eu/Eu*~0.60~0.70, Rb/Sr {>0.5, Th/Sc {f =
1(McLennan et al., 1993) ., KZLiAH i TRy
EwEu* [t {4 0.61; Rb/Sr HL{H A 0.53~1.01; Th/Sc
FLE M 1.05~1.39, #4978 2 iR 45 F, 1 H 5 46k K
FEHPGARAT =5 | A 115 9 S b X 2 1
SRR b R A IR 0 B Ak 43 AT 2 R A
(Rieser et al., 2005; Sun et al., 2020), FHHLH T
BH S (9 IO AR P TP o

PRI g Y =Y O S w -y N T 8 L
PrAfEAL (UCC) i i s, K A b v Na A1 P &
7 LB AEE; AL, Ti, Fe, Mg Fl Mn & A X}
bR E A KA Si Fri 5 UCC ML, file ot
REum5KE LM, v, Cr. Co. Th, U,
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Kl 4 Jes R FEam I cE UCC (Taylor and McLennan, 1985)
PRUEAL IS (a, b) 57 1T R B (Palme, 1988)F5ifEAL
Bl (c)

Fig.4 UCC—normalized distributions (Taylor and McLennan,
1985) of major elements and trace elements (a, b) and Chondrite—
normalized distributions (Palme, 1988) of rare earth elements
of mudstones (c)

Zn F1 Pb & 45 T F#i5e F BE; Rb, Zr F1 Sc 7%
T FHAE ), Sr Ml Ba S8k T LA
B, FiMRICE MR L ICE 0 p R B AL K

Pili b b5 FRIRORL WA AR iR B2, B R L1785
TR T IR A 0 _E e i, sig byt
FEEW IR FIERER

R JE WA o3 AT R W, 0 i RS S A
(Qt). AR/ (F)FEE (L), HdbaE &
BRI A BN T45Ea . meb 4 LG+
L RE S BB T B At S s A7 DR i kT .
Qt-F-L — i I F8 7~ B 5T IX 05 32 2 P [l 3 1
o AT ATESSIA AR ZE AR T2 TAR, o R BT
X 3= B R FLBE [0 1 1L 77 (Jian et al., 2013; Bush et al.,
2016) o 40 5 AN MBI A 25 5, X T B2
A7 DI A S 300 o

AR EREZY, L THREAAGKED
ZTR A, X v RE= R A S A . Rl
WEH . EyMab I 4G F-7A 21 i ZTR {EAH X 3E/),
BAREET Y (WAINA . AR A MRS A% S
W R . ZTR M LT 47841 8] T iab il 2 58 8%
/N, BT B R B ARR, 3 3% B ) TR DU RR ) 7 )5 10
F B iz B A YR HE R . Jian et al. (2013)
1 Bush et al. (2016) FHF5245 R 54 3¢ ZTR {H4F
AL, B BRTE LTSN Z G ZTR IR FEL,
1E 10%~20% YW FE N7 8)

ANFERBIEEAE SRR ET A5, X
Sk F ST R X IR | b A 1 3 2 A 3R T 4K
o FEH WA FEATRN 5 R LR LR FRIES K
T EERIREA . BAA R aAsRh) | EE A
N B A th e R a AR
B REAR . VR A RSl A A A AR s T e
EHEMA . AR S A5 DIBVE s RS (R4
IFRES A 20 A RS A CRIEEL, 2008) . b
FEM AT W4 G ZTR F880RL - o iR
EARAMeEEs a2l BT THEed £, X
FKHRH NS SR E . ASCHFR X EY
Y153 A i 5 Bush et al. (2016) 7E K 2T 135 1T Y
SEELAL, B ) BN KA YA R AR
W), SR 5 B R A TR ) o

i WY/ IR €T Tl N A S el i R )
Hh 31%, & Eim, R T T2 HeE T 2 X
SAEMISRRE . SRR A HEAEARE, R ILE
Gy KAl (R 2, 1985) o KETIEFIH M 145798
HE P IS A G AR R E, 2R
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Table 4 Detrital framework grain composition of 8 sandstones in the Dahonggou section

P A% /m F QL) KA EF) AJE (L) Qt/% F/% L/%
DH-19-4 3002.8 257 27 59 74.9 7.9 172
DH-19-6 3323.9 258 10 32 86.0 33 10.7
DH-19-8 3708.8 247 18 35 82.3 6.0 11.7
DH-19-10 4102.5 225 25 50 75.0 8.3 16.7
DH-19-12 43425 223 21 56 743 7.0 18.7
DH-19-14 4577.0 249 13 38 83.0 43 12.7
DH-19-16 4856.1 241 20 39 80.3 6.7 13.0
DH-19-18 5269.6 250 16 41 81.4 5.2 13.4

d: DH-19-10]

.

Pl 5 RELIFIT 8 P i Y IE AL DL U8 (a~h)

Fig.5 Crossed polarization microphotos (a—h) of 8 samples in the Dahonggou section
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¢ Jian et al.,2013
# Bush et al.,2016
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P 6 SEdbsmb A me B R I A K A - JE = A
FIHEIRIX 535K A Dickinson (1985)
Fig.6 Q—F-L ternary diagrams of framework grains of
sandstones in the northern Qaidam Basin margin
The division of tectonic source areas comes from Dickinson (1985)

7% M LIS LBV F-Y5 L e A3 AR A
WRIRPRFFAE, (HIIRHE 2 10% (&1 9) . X AIhE
A I SO0 ) A 0 DX B ) T, 2 B e A
TRAF PR

L MR A R 5 R T 8023 70 A R, R 2T
T TR AR AU JZE AT RE 22 1 I A DO AR A P i
[ b0 WA E R o B4 SR W, %
(9 bl L 2H 5 001 38 4 R R R s
SRR, WA IEHERR )
5.2 MARMBREEEHS

3 ) B I T AR AT S A G AT ¥ ) THT Y A i Y
8 R AR AR A AU LR, P R AL | P il
AR AR WA R T B P AR AR, LT

FRAS LR At b IX | B SR MRSk B R R 213435
AT A BT A AR H 2 o 3 s AR AR R AR AR 2
R £ 47 U—Pb 4RI X FE 25 5 (& 10) BoR, H AR
o2 0B A AR I AL P AE 3 X
(300~200 Ma, 500~380 Ma F1 1000~800 Ma), LA
G YCE Y X ] (1.9~1.7 Ga il 2.5~2.3 Ga) (&
10a) 5 187 A ACHD 2 55 A AR IS L R AE S T3 3 4>
T DX ] RN AN UL ) DX JE] (] 10b) o R o e
JB B A ARG AR E AL, IS R ARE L R & A
/D) 300~200 Ma 5 A 485 (K] 10¢), L, thAE
RUTF L Z AR A W] e 28 B AR Y iy B 22 R X
Z—o BPHMEL R, Sedb ik AR T 2 32 A
IR A SRS A 2 A e T LS th 3 B AR
TR AR VR 22 DURLE T UL, UK A4 4336 Al
VIR B4 2[RI, Sedb ki AR T 40 n] REAC 3 1o
PEPUGHEMERR . H AT, Sedb G ks 4 R L2y
A RENHARME, AR, A EE
B4 v A AR 2 R 2 R AV E R T E R, 1
Z WAL F 1l 54 as VR, AT Bowr A A2 1
TR, SRR 2 T A A M2 1 1 S 1l I A 24
AR AT RS T BB . Wang et al. (2017)
WFoE 2 W, AR AU (PL) L TR 48 (P2) Fil B 2 Y
(P3) W JE UKL i 7S, (B AR AN 79.1 Ma, 145.2 Ma
A1 203.7 Ma( M1 JZ4E 1 24 10.6 Ma) 2 il /> 2= ~25
Ma, ~55 Mafll~100 Ma(HiZ24F1#5 24 7.5 Ma); B,
g {1 4 7% 32 ¥ 1 K- %5 ~80 Ma., ~120 Mafil~145 Ma
(b2 2 5 Ma), S fIRIE(EAEIE 1 IRAEZY 7.5 Ma
(Kl 11a), Pangetal. (2019) B3RS T — 2RI
A P1. P2 P31 I AT i 43 Jo1) DA 501 T JEe 50 114
(55.8+5.6) . (111.2+6.9) F1(193.84+23) Ma Z#ia/]\

RS KHFEWEETYRE (%)

Table 5 Heavy mineral contents (%) of sandstones in the Dahonggou section

FEES REm PR BEACH 4R BUEKDT WA AECE SR SR R AR MR BB RekT Mk AINAE
DH-19-2 2601.40 13.20 6.02 1.50 1.50 0.50 11.28 N 4.17 0.13 638 N 2370 2148 10.13 N
DH-19-4 3002.76 8.79 2.66 140 022 044 13.01 N 2.66 N 9.15 N 39.08 18.79 3.78 N
DH-19-6 3323.86 597 5.22 0.75 0.05 239 504 033 2388 025 1428 025 1748 23.88 N 0.25
DH-19-8 3708.76 8.62 4.31 2.21 053 7.82 894 231 1831 042 1493 056 1239 16.06 149 099
DH-19-10 4102.48 5.54 4.28 1.68 0.63 224 792 0.14 2204 073 2130 1.71 391 7.59 142 18.85
DH-19-12 434254 523 142 3.27 N 719 7.29 686 1693 040 17.13 1.21 1290 1471 094 443
DH-19-14 4577.02 249 285 197 0.15 431 753 833 12,60 0.64 1944 021 1624 2136 0.53 1.28
DH-19-16 4856.05 7.65 1.26 1.98 0.63 432 1134 1.08 10.82 130 1442 0.15 2033 1947 510 0.10
DH-19-18 5269.57 232 0.77 2.17 N 1.55 4.18 10.68 18.05 1.09 2280 136 10.72 13.43 4.65 5.16

T FRPNIRZAL BAEIE
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Fig.7 Heavy mineral assemblages and ZTR (zircon—tourmaline—
rutile) index of sandstone samples
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IKARFHATE 9~7 Ma £)15 T I8 3 A 1 AR, 38 o
FE DA FH ) 7 b N R R, T B B B R
FAEACHEZ R 2 K R AR T b3

Heermance et al. (2013) 7E ¥ i 25 BfF 3T X — 1~

H., BB 2 b R DT R  2Rh3k 3] e K (Métivier et al.,
1998) o HABAFFE LR W] SR AR 25 AL 2 55 U 22
AT R A e b e A i iz ), FECEINR S
A B R TR AR R 2 (R AE B R A R AN
AP OC R (REILEE, 2009) , kM) & Fi 4k —
7 T BOK 1 40 0k %) T AR DU AR ) B 4 T o
TR, DT AT 8 AR 2 PO 2 r [ 2 ) E R YR X
(Kapp et al., 2011; Pullen et al., 2011); %5 —J7 [, ~3
Ma 7 b PN Y RS X 400 Jo PR 2 3 DT AR ) 1 ] 4
FH, AT RE R 83K A Hb 55 PO 28 A Y B R X
A 2a, b FrR, A T 4840 S0 K203 &) 1 AT e
1E~3 Ma &1 T B E W& IHEN, B T E#
PR R DX, AT Sy A 4 A ARG ) 2K A b A R

K6 RICAFEFRH LT MHNER

Table 6 The results of clay minerals in the Dahonggou section

Fdh W /m PERIZ% BRI /% AT /% L A1%
DH-19-1 2601.40 50 36 6 8
DH-19-3 3002.76 57 29 6 8
DH-19-5 3323.86 70 19 4 7
DH-19-7 3708.76 64 24 5 7
DH-19-9 4102.48 59 28 6 7
DH-19-11 4342.54 38 42 8 12
DH-19-13 4577.02 47 34 7 12
DH-19-15 4856.05 46 37 7 10
DH-19-17 5269.57 58 30 5 7
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Fig.10 Comparison of U—Pb age spectra of detrital zircon in the Mesozoic sections (a; Yu et al., 2017; Lu et al., 2019; Zeng Xu et
al., 2019), the Cenozoic sections (b; Liu Yongjiang et al., 2012; Bush et al., 2016; Wang et al., 2017; Wang Yetong et al., 2019) and
the southern Qilian Shan (c; Gehrels et al., 2003, 2011; Menold et al., 2009; Chen et al., 2012)

The yellow shaded bars represent the major peak of U—Pb age distribution of detrital zircons; (a—b) The major populations are 300-200 Ma, 500-380
Ma, 1000—800 Ma, 1.9-1.7 Ga and 2.5-2.3 Ga
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(2) SEIRAR A G R A AR 2 P b
B FEZ AT A TE(QL) | LA/ D B KA (F) Ml
JEB (L), Ho s B EZAVIREE . Q-F-L =K
6 7R H 2 R DR U 32 B0 FIE R LA . /P
FE R LUK R L AR . SR R A
Fo TUMEPILAL ., Lyl L ARG YA 2 RS
WY& M ZTR (H T 24898 241 B BRI, X vl B
TS DU A 47 e B B i, 22 R
HEFHL

(3) KRR 2 b 5 Y F 2 ds
PFIRZ . PR U RS . IR A,
FFLEAAH . T A r st 6 & i R~1%; L
AP L AL W VA A e A B 2 AR B
2~10%, 3% F W 5 30 A0 P 05 DX BE 2 3 T s 3, A
2RI A BT TR

ZRATRIEES A U-Pb AR | W A 2448423000
AELEATMT A RAHEI, SR AR Z B R AR TR 7T
fie & A i DOAR A P I VR, I A8 B T 4 b A AR
HZREERIX 22—, GG AR UTEUA 7R
9~7 Ma 2807 T 4.3 1Y FIE M 5 i ZE~3 Ma LA
J& , A bl A A A DX B PR 8 13 O AR A e
Vi, AT RE R A e 1k AR 4 5 DU 2 W3, DL v
B R R E R,

Bf: R FTHF LR RERENELLE
Wo RBESZHATAN (M) HRAT., FE

HEMFRET TEHARFTURBT TRFAET
o I AR 55 TR B A 3K 0 A o 4R BEE A B

References

BGMBQP (Bureau of Geology and Mineral Bureau of the Qinghai
Province). 1991. Regional Geology of Qinghai Province[M].
Beijing: Geological Publishing House (in Chinese with English
abstract).

Bhatia M R, Crook K A W. 1986. Trace clement characteristics of
graywackes and tectonic setting discrimination of sedimentary
basins[J].
181-193.

Bush M, Saylor J, Horton B, Nie J. 2016. Growth of the Qaidam Basin

Contributions to Mineralogy & Petrology, 92(2):

during Cenozoic exhumation in the northern Tibetan Plateau:
Inferences from depositional patterns and multiproxy detrital
provenance signatures[J]. Lithosphere, 8: 58—82.

Chen N S, Zhang L, Sun M, Wang Q Y, Kusky T M. 2012. U-Pb and
Hf isotopic compositions of detrital zircons from the paragneisses
of the Quanji Massif, NW China: Implications for its early tectonic
evolutionary history[J]. Journal of Asian Earth Sciences, 54/55:
110-130.

Colombo F. 1994. Normal and reverse unroofing sequences in
syntectonic conglomerates as evidence of progressive basinward
deformation[J]. Geology, 22(3): 235-238.

Dickinson W R. 1985. Interpreting provenance relations from detrital
modes of sandstones, in Zuffa G G, ed. , Provenance of Arenites:
New York, D. Reidel Publishing, North Atlantic Treaty
Organization (NATO) Advanced Study Institute (ASI) Series C[J].
Mathematical and Physical Sciences, 148: 333—-361.

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(2)


https://doi.org/10.1130/L449.1
https://doi.org/10.1016/j.jseaes.2012.04.006
https://doi.org/10.1130/0091-7613(1994)022<0235:NARUSI>2.3.CO;2
http://geochina.cgs.gov.cn

620 i

Hb, Ji 2024 4F

Fang X M, Zhang W L, Meng Q Y, Gao J P, Wang X M, King J, Song
C H, Dai S, Miao Y F. 2007. High—resolution magnetostratigraphy
of the Neogene Huaitoutala section in the eastern Qaidam Basin on
the NE Tibetan Plateau, Qinghai Province, China, and its
implication on tectonic uplift of the NE Tibetan Plateau[J]. Earth
and Planetary Science Letters, 258(1/2): 293—306.

Fosdick J C, Grove M, Graham S A, Hourigan J K, Lovera O, Romans
B W. 2014. Detrital thermochronologic record of burial heating and
sediment recycling in the Magallanes foreland basin, Patagonian
Andes[J]. Basin Research, 27(4): 546—572.

Garver J I, Brandon M T, Roden-Tice M, Kamp P J J. 1999.
Exhumation history of orogenic highlands determined by detrital
fission-track thermochronology[J]. Geological Society, London,
Special Publications, 154: 283—-304.

Gehrels G E, Yin A, Wang X. 2003. Detrital-zircon geochronology of
the northeastern Tibetan Plateau[J]. Geological Society of America
Bulletin, 115: 881-896.

Gehrels G, Kapp P, DeCelles P, Pullen A, Blakey R, Weislogel A, Ding
L, Guynn J, Martin A, McQuarrie N, Yin A. 2011. Detrital zircon
geochronology of pre—Tertiary strata in the Tibetan—Himalayan
orogen[J]. Tectonics, 30(5): TC5016.1-TC5016.27.

Heermance R V, Pullen A, Kapp P, Garzione C N, Bogue S, Ding L,
Song P P. 2013. Climatic and tectonic controls on sedimentation
and erosion during the Pliocene—Quaternary in the Qaidam Basin
(China)[J]. Geological Society of America Bulletin, 125(5/6):
833-856.

Hubert J F. 1962. A zircon—tourmaline—rutile maturity index and the
interdependence of the composition of heavy mineral assemblages
with the gross composition and texture of sandstones[J]. Journal of
Sedimentary Research, 32(3): 440—450.

Ingersoll R V, Bullard T F, Ford R L, Grimm J P, Pickle J D, Sares S
W. 1984. The effect of grain size on detrital modes: A test of the
Gazzi—Dickinson  point—counting  method[J].  Journal of
Sedimentary Research, 54(1): 103—116.

Ji J L, Zhang K X, Clift P, Zhuang G S, Song B W, Ke X, Xu Y D.
2017. High-resolution magnetostratigraphic study of the
Paleogene—Neogene strata in the northern Qaidam Basin:
Implications for the growth of the northeastern Tibetan Plateau[J].
Gondwana Research, 46: 141-155.

Jian X, Guan P, Zhang D W, Zhang W, Feng F, Liu R J, Lin S D. 2013.
Provenance of Tertiary sandstone in the northern Qaidam basin,
northeastern  Tibetan Plateau: Integration of framework
petrography, heavy mineral analysis and mineral chemistry[J].
Sedimentary Geology, 290: 109—125.

Kapp P, Pelletier ] D, Rohrmann A, Heermance R, Russell J, Ding L.
2011. Wind erosion in the Qaidam basin, central Asia: Implications
for tectonics, paleoclimate, and the source of the Loess Plateau[J].
GSA Today, 21: 4-10.

Liu Yun. 1985. Clay Minerals of late Cretaceous Song—Liao Basin and

their sedimentary environment[J]. Journal of Sedimentology, 3(4):
131-140 (in Chinese).

Liu Yongjiang, Franz N, Li Weimin, Johann G, Li Wei. 2012.
Tectono—thermal events of the northern Qaidam margin—southern
Qilian area, Western China[J]. Journal of Jilin University (Earth
Science Edition), 42(5): 1317—1329 (in Chinese).

Liu Zechun, Wang Jian, Wang Yongjin, Sun Shiying, Chen Yan'an,
Zhang Jianxin, Jiang Wenying, Fan Lianshun, Li Jianqing, Yang
Fan. 1996. On lower Tertiary chronostratigraphy and
climatostratigraphy of Mangyai Depression in western Qaidam
Basin[J]. Journal of Stratigraphy, 20(2): 104—113 (in Chinese).

LuHJ,YeJC,GuoLC,PanJ W, Xiong S F, Li H B. 2019. Towards
a clarification of the provenance of Cenozoic sediments in the
northern Qaidam basin[J]. Lithosphere, 1(12): 252-272.

McLennan S M, Hemming S R, Mcdaniel D K, Hanson G N. 1993.
Geochemical approaches to sedimentation, provenance, and
tectonics[J]. Geological Society of America Special Paper, 284:
21-40.

Meng Q R, Fang X. 2008. Cenozoic tectonic development of the
Qaidam Basin in the northeastern Tibetan Plateau, in Burchfiel B C,
and Wang E, eds. , Investigations into the Tectonics of the Tibetan
Plateau[J]. Geological Society of America Special Paper, 444:
1-24.

Menold C A, Manning C E, Yin A, Tropper P, Chen X H, Wang X F.
2009. Metamorphic evolution, mineral chemistry and
thermobarometry of orthogneiss hosting ultrahighpressure eclogites
in the North Qaidam metamorphic belt, western China[J]. Journal of
Asian Earth Sciences, 35(3/4): 273-284.

Meétivier F, Gaudemer Y, Tapponnier P, Meyer B. 1998. Northeastward
growth of the tibet plateau deduced from balanced reconstruction of
two depositional areas: The Qaidam and Hexi Corridor basins,
China[J]. Tectonics, 17(6): 823—842.

Morton A C. 1985. A new approach to provenance studies: electron
microprobe analysis of detrital garnets from Middle Jurassic
sandstones of the northern North Sea[J]. Sedimentology, 32(4):
553-566.

Morton A C, Ellis D, Fanning M, Jolley D W, Whitham A G. 2012.
The importance of an integrated approach to provenance studies: A
case study from the Paleocene of the Faroe—Shetland Basin, NE
Atlantic[J]. Geological Society London Special Publications,
487(7): 472—-481.

Nie J S, Ren X P, Saylor J E, Su Q D, Pfaff K. 2019. Magnetic polarity
stratigraphy, provenance, and paleoclimate analysis of Cenozoic
strata in the Qaidam Basin, NE Tibetan Plateau[J]. Geological
Society of America Bulletin, 132(1/2): 310-320.

Palme H. 1988. Chemical Abundances in Meteorites[J]. Cosmic
Chemistry, 28-51.

Pang J Z, YuJ X, Zheng D W, Wang W T, Ma Y, Wang Y Z, Li C P,
Li Y J, Wang Y. 2019. Neogene expansion of the Qilian Shan,

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(2)


https://doi.org/10.1016/j.epsl.2007.03.042
https://doi.org/10.1016/j.epsl.2007.03.042
https://doi.org/10.1130/0016-7606(2003)115<0881:DGOTNT>2.0.CO;2
https://doi.org/10.1130/0016-7606(2003)115<0881:DGOTNT>2.0.CO;2
https://doi.org/10.1130/B30748.1
https://doi.org/10.1016/j.gr.2017.02.015
https://doi.org/10.1016/j.sedgeo.2013.03.010
https://doi.org/10.1016/j.jseaes.2008.12.008
https://doi.org/10.1016/j.jseaes.2008.12.008
https://doi.org/10.1029/98TC02764
https://doi.org/10.1111/j.1365-3091.1985.tb00470.x
http://geochina.cgs.gov.cn

B51E 2

SWEMEAE: SER ARG A TR FEIE R4 FIWTSE s LADKEL I8 & T 151 621

north Tibet: Implications for the dynamic evolution of the Tibetan
Plateau[J]. Tectonics, 38(3): 1018—1032.

Petroleum and Natural Gas Industry Standards Writing Group. 2018.
Analysis method for clay minerals and ordinary non—clay minerals
in sedimentary rocks by the X-—ray diffraction (SY/T 5163-2018)
[S]. Beijing: Petroleum Industry Press.

Pullen A, Kapp P, Mccallister A T, Chang H, Gehrel G E, Garzione C
N, Heermance R V, Ding L. 2011. Qaidam Basin and northern
Tibetan Plateau as dust sources for the Chinese Loess Plateau and
paleoclimatic implications[J]. Geology, 39(11): 1031-1034.

Pu Haibo. 2011. Method of identifying clay mineral by X-Ray
diffraction analysis[J]. Investigation Science and Technology, (5):
16—18 (in Chinese with English abstract).

Ren Yingxin. 1987. Separation and Identification of Heavy Sand
Minerals[M]. Wuhan: China University of Geosciences Press (in
Chinese).

Rieser A B, Neubauer F, Liu Y, Ge X. 2005. Sandstone provenance of
north—western sectors of the intracontinental Cenozoic Qaidam
basin, western China: Tectonic vs. climatic control[J]. Sedimentary
Geology, 177(1-2): 1-18.

Rieser A B, Liu Y, Genser J, Neubauer F, Handler R, Friedl G, Ge X H.
2006. “°’Ar/*Ar ages of detrital white mica constrain the Cenozoic
development of the intracontinental Qaidam Basin, China[J].
Geological Society of America Bulletin, 118(11-12): 1522—1534.

Sun G Q, Wang M, Guo J J, Wang Y T, Yang Y H. 2020. Geochemical
significance of clay minerals and elements in Paleogene sandstones
in the Center of the northern margin of the Qaidam Basin, China[J].
Minerals, 10(6): 505.

Tapponnier P. 2001. Oblique stepwise rise and growth of the Tibet
plateau[J]. Science, 294(5547): 1671-1677.

Taylor S R, McLennan S M. 1985. The continental crust: Its
composition and evolution[J]. The Journal of Geology, 94(4):
57-72.

Wang Guocan, Zhang Kexin, Cao Kai, Wang An, Xu Yadong, Meng
Yanning. 2010. Expanding processes of the Qinghai—Tibet Plateau
during Cenozoic: An insight from spatio—temporal difference of
uplift[J]. Earth Science:Journal of China University of Geosciences,
35(5): 713—727 (in Chinese with English abstract).

Wang W T, Zheng W J, Zhang P Z, Li Q, Kirby E, Yuan D Y, Zheng D
W, Liu C C, Wang Z C, Zhang H P. 2017. Expansion of the Tibetan
Plateau during the Neogene[J]. Nature Communications, 8: 15887.

Wang Yetong, Sun Guogiang, Yang Yongheng, Wang Meng, Ma
Fugiang, Zhang Chengjuan, Zhao Jian, Shi Ji'an. 2019. U-Pb
geochronology analysis of detrital zircons in the paleogene lower
Xiaganchaigou Formation in the northern Mahai area, northern
margin of Qaidam basin[J]. Journal of Lanzhou University (Natural
Sciences) 55(2): 141-148, 157 (in Chinese with English abstract).

Wu Zhenhan, Hu Daogong, Wu Zhonghai, Ye Peisheng, Zhou
Chunjing. 2009. Quaternary sinistral—slip thrusting in north margin

of Qaidam basin[J]. Quaternary Sciences, 29(3): 599-607 (in
Chinese with English abstract).

Yang Jingsui, Xu Zhiqin, Song Shuguang, Wu Cailai, Shi Rendeng,
Zhang Jianxin, Wan Yusheng, Li Haibing, Jin Xiaochi, Marc J.
2000. Discovery of eclogite in Dulan, Qinghai Province and its
significance for studying the HP-UHP metamorphic belt along the
Central Orogenic Belt of China[J]. Acta Geologica Sinica, 74(2):
156—168 (in Chinese with English abstract).

Yang Lirong, Li Jianxing, Yue Leping, Wang Hongliang, Guo Huaijun,
Zhu Xiaohui, Zhu Tao, Du Kai, Zhang Rui, Zhang Yunxiang, Gong
Hujun. 2017. Stratigraphic division and tectonic—sedimentary
evolution of Paleogene in Qilian Mountain and its adjacent areas[J].
Science China: Earth Sciences, 47(5): 586—600 (in Chinese).

Yin A, Rumelhart P E, Butler R, Cowgill E, Harrison T M, Foster D A,
Ingersoll R V, Zhang Q, Zhou X Q, Wang X F. 2002. Tectonic
history of the Altyn Tagh fault system in northern Tibet inferred
from Cenozoic sedimentation[J]. Geological Society of America
Bulletin, 114(10): 1257-1295.

Yin A, Dang Y Q, Zhang M, McRivette M W, Burgess W P, Chen X H.
2007a. Cenozoic tectonic evolution of Qaidam Basin and its
surrounding regions (Part 2): Wedge tectonics in southern Qaidam
basin and the eastern Kunlun Range[J]. Geological Society of
America Special Papers, 433: 369—-390.

Yin A, Manning C E, Lovera O, Menold C A, Chen X H, Gehrels G E.
2007b. Early Paleozoic tectonic and thermomechanical evolution of
ultrahigh—pressure (UHP) metamorphic rocks in the northern
Tibetan Plateau, Northwest China[J]. International Geology
Review, 49(8): 681-716.

Yin A, Dang Y Q, Wang L C, Jiang W M, Zhou S P, Chen X H,
Gehrels G E, Mcrivette M W. 2008a. Cenozoic tectonic evolution
of Qaidam basin and its surrounding regions (Part 1): The southern
Qilian Shan—Nan Shan thrust belt and northern Qaidam basin[J].
Geological Society of America Bulletin, 120(7/8): 813—846.

Yin An, Dang Yuqi, Zhang Min, Chen Xuanhua, McRivette M W.
2008b. Cenozoic tectonic evolution of the Qaidam basin and its
surrounding regions (Part 3): Structural geology, sedimentation, and
regional tectonic reconstruction[J]. Geological Society of America
Bulletin, 120(7/8): 847-876.

YulL, Xiao A C, Wu L, Tian Y T, Rittner M, Lou Q Q, Pan X T. 2017.
Provenance evolution of the Jurassic northern Qaidam Basin (West
China) and its geological implications: evidence from detrital zircon
geochronology[J]. International Journal of Earth Sciences, 106(8):
1-14.

Zeng Xu, Lin Tong, Wang Wei, Yan Zhandong, Hao Cuiguo, Bian
Yingying, Wang Jun. 2019. Detrital zircon dating of
LA-ICP-MSin the Upper Jurassic and indicative significanceof the
Qaidam Basin[J]. Natural Gas Geoscience, 30(5): 662—672 (in
Chinese with English abstract).

Zhang Chenyu, Wu Lei, Chen Wuke, Zhang Yongshu, Xiao Ancheng,

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(2)


https://doi.org/10.1029/2018TC005258
https://doi.org/10.1130/G32296.1
https://doi.org/10.1016/j.sedgeo.2005.01.012
https://doi.org/10.1016/j.sedgeo.2005.01.012
https://doi.org/10.1130/B25962.1
https://doi.org/10.3390/min10060505
https://doi.org/10.1126/science.105978
https://doi.org/10.3799/dqkx.2010.086
https://doi.org/10.1038/ncomms15887
https://doi.org/10.1130/0016-7606(2002)114<1257:THOTAT>2.0.CO;2
https://doi.org/10.1130/0016-7606(2002)114<1257:THOTAT>2.0.CO;2
https://doi.org/10.2747/0020-6814.49.8.681
https://doi.org/10.2747/0020-6814.49.8.681
https://doi.org/10.1130/B26180.1
https://doi.org/10.1130/B26232.1
https://doi.org/10.1130/B26232.1
http://geochina.cgs.gov.cn

622 L

Hb, Ji 2024 4F

Zhang Junyong, Chen Siyuan, Chen Hanlin. 2020. Early Cretaceous
foreland—like Northeastern Qaidam Basin, Tibetan Plateau and its
tectonic implications: Insights from sedimentary investigations,
detrital zircon U-Pb analyses and seismic profiling[J].
Palaeogeography, Palaeoclimatology, Palacoecology, 557: 109912.

Zhu L D, Wang C S, Zheng H B, Xiang F, Yi H S, Liu D Z. 2006.
Tectonic and sedimentary evolution of basins in the northeast of
Qinghai—Tibet Plateau and their implication for the northward
growth of the Plateau[J]. Palaeogeography, Palaeoclimatology,
Palaeoecology, 241(1): 49—60.

Zhu Xiaomin. 2008. Sedimentary Petrology[M]. Bejing: Petroleum
Industry Press, 90—105 (in Chinese).

Zhuang G S, Hourigan J K, Ritts B D, Kent—Corson M L. 2011.
Cenozoic multiple—phase tectonic evolution of the Northern Tibetan
Plateau: constraints from sedimentary records from Qaidam Basin,
Hexi corridor, and Subei Basin, Northwest China[J]. American

Journal of Science, 311(2): 116—152.

Bt Fh 32225 3Lk

M RREATWARUESR B 2. 2018. YLAUAh L - WA UL AR5
TH W) X B ATE AT 5 % (SY/T 5163-2018) [S] ALET: £l
Tolk S AL

X7, 1985. FATT F MR W5 + 0 4 S DURRIABE 43#r (0], UL
AR, (4): 131-140.

XI|7K IT., Franz Neubauer, 2545 [, Johann Genser, 25fi. 2012. 4]t 2%—
T AR 12 XA 1 TR [T]. T ROl GLBR B4 1R), 42(5):

1317-1329.
XUBESE, T, VEAHE, M, BRAEZE, TR Hdr, 25300, W, 2
T, R, 1996, SEIAAR AT B M AT S = R AU

S22 SR H)ZEAIE[T]. MR 224, 20(2): 104—113.

SR 2011, FH X RIS AT S e 2 0 W R 7 TR 0. a2
R, (5): 16-18.

FIE T =R 1991, T XM FE. [M]. 6T Hus AR

AR, 1987, BP9 43 1E S S (M. T HP ] b o 2 s R

BBV, B, R, M5, A 5. 2009. S8R AL 45
DULE AR e B A 32 Bl [T]. S PULEAFSE, 29(3): 599-607.

TR, R fF, WL, TR, TR, dfiT. 2010. HE R R A
AR R TR ) 25 2 SR o e D ) 7 e 5 v SO G R (0],
HERFFE (I HL T K2R 240, 35(5): 713-727.

TREERR, PR, Ak E, TR, Do, slalla, B (g, 7. 2019.
Sedb g DAL X R LA T BERE B # A U-Pb AR [0].
MR 2E R (B AARIERR), 55(2): 141-148,157.

Mgk, VPSR, RibOt, BAR, B4T, sEH, Tk, 2R,
47k, Marc Jolivet. 2000. 75 1 #B 2 A ME 5 ) S B S ot v ] v
Y 1L P T 1 AR SO A 9T 0 3 ST, MR 3R,
74(2): 156-168.

IR, ZE A, AR, TUbSE, SBIRZE, AR/, ARV, FEEIL, TR,
TR, 5 R 2017, AR 1L S AR K —HTiE 40 b ) 4 X 5 4
TR AL, o ERRE M ERRRE, 47(5): 586-600.

R, MR, EAk, =054, AR, EE, F4E. 2019, Sk KA
R G 85 LA-ICP-MS 4 g i X [J]. RS H
BB, 30(5): 662-672.

KA A 2008, YRS G 2= M. dbat: A Tolk R, 90-105.

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(2)


https://doi.org/10.2475/02.2011.02
https://doi.org/10.2475/02.2011.02
http://geochina.cgs.gov.cn

	1 引　言
	2 研究区地质背景
	2.1 地质概况
	2.2 沉积序列

	3 取样与分析
	3.1 取样
	3.2 分析方法
	3.2.1 地球化学分析
	3.2.2 砂岩碎屑颗粒统计
	3.2.3 重矿物分析
	3.2.4 黏土矿物分析


	4 实验结果
	4.1 主量元素
	4.2 微量元素
	4.3 稀土元素
	4.4 砂岩碎屑成分
	4.5 重矿物组合
	4.6 黏土矿物

	5 讨　论
	5.1 柴达木盆地北缘新生代地层的沉积再旋回特征
	5.2 沉积物再旋回事件

	6 结　论
	参考文献

