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Abstract: This paper conducted detailed investigations of the lithological assemblages and stratigraphy of the Zhongtiao Group and the
Danshanshi Group in Zhongtiao Mountain region, Trans-North China Orogen (NTCO), North China Craton. The Zhongtiao Group
comprises of a suit of metamorphic sedimentary rocks, consisting of multicyclic sedimentary rocks composed of clastic rocks,
mudstones and carbonate rocks. The geochemical characteristics of the metamorphic sandstone show that the Zhongtiao group
experienced a transition from early relative stability to late activity. The age and source characteristics of detrital zircons from the
Zhongtiao Group and age of intercalated volcanic rock indicate that they were deposited in a back-arc basin of active continental
margin from ~2.1 Ga. The Danshanshi Group is a series of conglomerates and sandstones forming a molasse basin during the
collisional orogeny stage at ~1.85 Ga. Taken together, we present a brief scenario for the evolution of the sedimentary basin in

Zhongtiao mountain region. From ~2.1 Ga, the eastward-directed subduction of the ocean between western block and eastern block,

ks B #A: 2023-11-29; 81T HH#A: 2024-01-15

ZYENTRE : v O A 2 SR 0 o A e G o R A 5 07 b T R U ) (G5 DD20160124) Flef e 5 MERHIF e i e ALt
M55 L aiE 4 H (L vE Hr £ LA B IR B8 AR SRS E S RIS ) (45 K1408)

PEZ B ERETT(1983— ), 55, AEBE LA, R T AR, MGG BT 50 7 &MY TAE. E-mail: ye214wxq@163.com

* BAEIEE: XH(1983- ), 2, 1+, M9 TR, NE &R0 PR L5 SEME 58 . E-mail: liuminhello@163.com


https://doi.org/10.12097/gbc.2023.11.044
mailto:yc214wxq@163.com
mailto:liuminhello@163.com

FAa3E AW LT A b TR thi L b Al D TT AU A b A 547

back-arc basin (Zhongtiao Group) developed behind the arc that located in the west margin of eastern block. At ~1.85 Ga, the ocean
between western block and eastern block closed, resulting in the collision of the two blocks along TNCO, the Zhongtiao Back-arc basin
underwent fold deformation and resulting in the crustal thickening followed by rapid exhumation/uplift, which shifted the back-arc
basin to foreland basins. The Danshanshi molasse basin is formed in foreland basin. Such a shift from the back-arc basins to foreland
basins in the Late Paleoproterozoic supports the model that the collision between Eastern and Western blocks occurred at ~1.85 Ga.

Key words: North China Craton; Trans-North China Orogen; Zhongtiao Mountain; back-arc basin; foreland molasse basin; geological

survey engineering; Paleoproterozoic
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Fig. 1

Tectonic subdivision of the North China Craton
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Fig. 2 Sketch geological map of the distribution of Precambrian rocks in Zhongtiao Mountain region

AR e e — AR e — T 3 — BRI AR Y
VUL —f7, SEAUAR T RA, F3 AMEIL AR TR~
B AT this o P ARAE AR IR D B A
JER RO TNA . B TWA . RE A IR
RRMAMBEZFE I 8 D HJZHIT . AUAE VG I
, F3 W0 B AT 6 /> Fh Ak
HER R A BE (18] 2), X R 2R AT IS 1 TRAA A L=
JER A Al E A (5 3) .

Hh 2RI AR Y SRR SR 20 2N % T rh A L kIE
RIS B PG G L) R T 37, A 1) R TR i/, P e
W KA ER R R 91.7 m, R 35 B3 ) 8 V5 1
542 m. ERH—BRREE S, TBOAERIRA,
WA I AR s KA A9es A58 N
FrRa S, EBONNALE, K H A SCE IR,
JRyERAT WL AR AR AN AL R 2 B . e A A i [ H
PRI R, A IR RO = a2,

BRI 2, N A A, FEROREEA
YRR R R A (B T —a), FEEREREA S
AKIA(EIRNL T -b) o 4IC FALMR GRS et
— 2, JL VPGP Ll e K BV R 800 m, R RN
UGGV R 100 m, FAK K — BRI L A
1, PN A KA R E(ER T —), [ b a

HA . BINORME T, BN mEuBRk, 5
JEH 200~1000 m. AR —EEF IR, IR,
e b A e B BOR IR R SR A i v, TR =k
A CHBRAEER L -4, AEs A ER T -e) .
HICHIBTR A=A KRS, EBCR R TR ()
FER T -0 FBERA A RKBE. RFEILA 5
A A A 2 —3%, HEREE R 600~2000 m, F
W —EH kiR i, UEE PEEA A
KEEFR BT —g), Jem i (B 5, Jbde ik
W O S R A = A KB, P R — A A



550 H 48 IR GEOLOGICAL BULLETIN OF CHINA 2024 4F
E
== 0 500 1000m
=5 =9083m
==
,,,,,,,,,,,,,,,,,,,, S = K W01 S5 EERE (L
7 WEE 7000 e K101 FIRRERE SRR
x = =2 112.5m =] ny
i === — [= o F=/ia
1= 1 e = N
/E ___________________________ —_.. oo N = * W05
""""""""""""" [0 = N m
,,,,, - = Exe .
=l e .." 653.5m = N W03
%e wol N ==
oo = ee
ﬂz o0 oo = = =8 [ee =] KAAIE
I — == = ]
I === = = =]2542m
a o= 792 CEVES
I3 = = =
il =l G P
== T o TV ()
T AT 7 B3], ., o
R - IR
2050.0 m
(S TS] .
- 730.4m IEEI LGRS
28 2391.7m
%
K (=] )
i == ST e A A
4l T ol 1961.2 m
< = s
e === e . N == RIR R
JG e g45_§ m ‘= = QRS L . == 12458m
[e L] ° > —== ===
;E > 3 : i E_ :: = :: R
> 22 =% 700.0m === 2667 m P
I : L= s o N
ﬂl’ﬁ |<|» 645.8'm Ea—— — = | 962.5m ==
| I E , ] - =C= == GRS
. =] - - rel 204211 - = == =l475m
Ein = =| . === =c=| - 4792 m ——= — o =
ﬁﬁ e 4817 m. === 200.0m e . E = E ———————————— e
97 - B = 042 m e Te] <> =
ﬁ moeE== \ —_" zl ]7290;;: ''''' _" s u 625m 1===l16rm 137.5m
= 101.% %20 ®°|9]1.7 mJ03k[Eeoee 54‘2m'" ===l -

3 AR R AR AR O

Fig. 3 Stratigraphic comparison of Zhongtiao Group in Zhongtiao Mountain region

KBLA &R (EIR T —h), JR KBS & A 4k
RENK AR T =) o IR A 1E P R
B —71, WG e K ERIEEE R 779.2 m, SFIE
—aJ8E 2542 mo AETAERE, FEBEMAHSAK
AR At R A, FBENV AR . RFRITA
Sy A A R — 3, BN — AR A
IR IR E A 3, oA a ., KA 6 )RR A5
o BRI L2 F2 250 A7 A 3 58 R 53—
BARHFEEE N 9083 m, FEENAMWB =R A, T
BENOR —n A, FBORSRRAI R A

AR B RR B IR SR R AR A TN A
M LIS R A R TR IR R A o 32 o R AR i

FEJE 5 o AT SR A | IR B I, e
4 REFUAMBRINA, FEAE AR 55
PRAA BB RA IR B A ARED R
o PREASERFRIBARR | SRR BRI B
W BREEH . FIEEAE (1997) KA A 4 Al i Ak 7
JEP R I L A EAT T IECA IR, e R TR
AR R (3 ) JBUaA o B A BRI Y
RAawa ., adeiba KO aIemba M Es Lok
R ) ) RS e 2= A e ARER R AR TR B A
ReBCA A A ST, SRR A A SIS
AR JRRRTR #h s 2 M TR0 R 4L RFIN4L, 735k
TEJMR A BT AR A R B F



a3 EH 4

LT A b TR thi L b Al D TT AU A b A 551

¢3 &

a JEURZE T BUETE MRD BTAR s b JRIAZE EEGIZ KIS o ROC FPHA S A KA AE FRA B SR & c B FIH T BARSE B R

o
@ %,

s PE A L BRI e AR IS Z A oA KB hARR LA S HA A oA KBS iARKIA KBS PR A 407 . Ab—4l
£ A1; Dol—H = A1; Grt— A T41; Scp— A1 ; Mb— KB

HAFMAAcARES . ARHdoA RS Ba
AR AR KA A KRS, T
ARG, BERSMN, BREBHET, HIA
HHEBE . GIRAEME R IKE
22 HLFEE

LA EZ 500 T A5 kb Es, JbAvE I
W, RPNl RS0 LA E R R EY, B
b ARARE S T &R Z L. iEatAT
T353R 3 A4 RS0 41, 78 W 1L 20 R Vb 4 3]
o ARWAEVGIE VAT AR H1L A R L
BE 5 AN @RI b B, SO A R R T TRANEY
22 PR AT (E 4) .

LA BRS04 2 B BRI AN A 1
AR, R E, PRSI A G 4
P 5 v R R I A A LD 2 KB A, R R —

Wi KN EEREE N 158.6 m, FilE FEEEE K 39.2
m, FER B 6 KA EARRERS, Ok A 85
FEMNAWE . Ao REA(ERR T -a), DahE
T, BEEE R RE T R B R, Bk S 1
FE SRR S, 22 b SRR IR, R AR
K60 cm, —f% K 2~10 cm, RIEFER A £ E 1 HEF)
(EIRW I =b), Ja&Bal WA H A Je 2 (KR T —c) . PE
W1 2] 2 R RE Ry 145~310 m, FK A @, L1 A
SRV E AR (EIRR T —d), JRERa) AR ek 4%
FFAS A JZ B (AR 1T —e) o VD 4l 2 AE VD 42 30]
— AR R BRI N 750.8 m, FHILA7 LA 45.1 m.
AR E )RR PR E S oA e (BRI -f) F148 BT
R (BRI —g), Jay e 2 KB (BRI —h) o
W B F B A, DR RIS, R kA 2
mHES, BA b K, Lok A rh RS 2



552 Moy 18 4R GEOLOGICAL BULLETIN OF CHINA 2024 4

0 200 400 m

Vb 4]
Jaccain g P
! 0 00 “\
© 0o
‘\ B | RRIE
N N ,’/ [e) “\
TRl T 1
Cooee ] 5 0 O o & HiA
o 967 m = e
) =2 2% 750.8 m.
i P 4192m Fee A
310.6 m B
168.3.m~ 145.6 m -
. o AR i “JJ
1392 m™ 04m. 392m [o o of R

K4 h Rl X HR LA R R LE IR

Fig. 4 Stratigraphic comparison of Danshanshi Group in Zhongtiao Mountain region

KR T Plate 1I

Carntintelar

Centimeter

a JHZRH PO A R E 85405 b A SR LE W HEB A BRAT; ¢ JAG0A RKIE I 2 d UL SR A I0E ;s e DI I 44 3 A K
SRR £ AL S AT S g YD B A AL Bk s h U AL E RS 1 AU A Bk G . Mb—RHLE; Qz—Ades



a3 EH 4

WA b v AR L A Lt DX oo U 553

(IR 1T —1), TR o3 e k22, HEFIA4EL

LA REE AL TR R A AR R, E2h
— BB A, A R RS B A R A — D 5T
B A — W BRA Je Db . T E K4
LR S R SR R A R A, 2 O AR A
AR, e 22, 7T RE M PR HERL =)
3 Rk

TR B A BN A TRRb A TR R
B . ARRILRAE T 8 A, Ho AR
20 34, 2 TP L, 1 T R b R EEA
54, 2 TR, 3 TR (R 3) . Prfif
rARERETC AL . TE AR B A A (R 1) .

BRI T AT A4 DX Sk b 0 7= A A 5%
FF S 28 5E W, OIS YR e S 200 Ho A A 285
BT F 5 b o S 56 = D SE I, e E MR A
R X BRI, DR A RS S TR
PW2404X HFEAE N CIEAL, Tt A + 02 A R
1 ) 45 FE 5 JF A Finningan MAT () HR-ICP—
MS(Element 1) HLEHR S 55 2 AR Bk, ks
FER: YIRS E KT 10x10°° 0, B LT 5%, 24
EE/NT 101070 B, RS LT 10%.

4 7BJAD BRI AR

e T A A AR AR B K, Si0, i 90.02%~
71.42%, ALO, &K 15.74%~6.21%, Na,O 71>
0.19%~0.76%, K,O 5K 0.95%~3.78% (& 1), #
JHZRH A7 T (JO1) Y SO, & i, AT ik 90.02%,
R BRI Sio, i TREIFABIA, K
e T R AR A BB R T R E PR CaO &
N 1%, DA TS I 30 R PR
R ALO, & i = T AU, UL e K PPL b
R R i T Na,O i KO 7 it 38 1y
TR, B K TR S RN A S
IR A B Y, AN, ALO, 5 K,0 FiE R
IEAHSCE, B ALO, S0 Wf 56, AR b
o Ba SR, KT 200x10°°, BB b AR B
Ba JLE & 4; Cu. Mn. Ni., Co S H WK E, nlfes
Hh 2% L 3 RS TR K 2% e Y SR R R M A O
Sr &1 H 45.39x107°~79.48x10°°, 18 I I X XL 22
Bk, Zr &k 38.46x10°°~96.71x10°¢, Hf & K
1.29x107°~4.16x107°, ZF R IEAHC, R A i

W—E mET YA
5 3 ®

5.1 FREENELAEITARER

R A — SRS A R IR AR A, T
Je kA I o T8It ARRE R L e R R
JEES AR, AT LARR & HUTRAR R (8] 5) o PR 4%
(1993 )i i HL ks 45 41 U—Pb A5 2 E FIA LU
22 BRI A AR RA g 2059+5 Ma, JHI vh S8 BETT 1R
TUAI AR 2 2060 Ma., X% 4 (2015) K
SIMS 541 U-Pb XM N B FIH 4ot T 4l
AR RHE A TN A R4 T T 4R, 158 #5 44 U-Pb A—
LR AT SAEIS J 208668 Ma, 455 B T4 T2t
JEEE A 205945 Ma BYAEIE (Fh K H4E, 1993), I
A RERIE B T 2090~2060 Ma, Meng et
al.(2021)% ] LA-ICP-MS %547 U-Pb 15 4%
B T 4L 3ME A A e 2 AR I 298 2088
Ma, Lietal.(2011) X} Hr 25 ER A R4 K A A
F PR EEE 85 A PEFT T LA-ICP-MS M4, $R134E
W4k 2132~2784 Ma, BRE 1 £ B O T8 B AR 78
2100 Ma ZJ5. Liuetal.(2011a)%H LA-ICP-MS
T JE £ 40 U—Pb YRI5 i 458 AU R 40 4 0 R
KN =B DA 1 5/ MEIR 7351 2165 Ma Fil
1848 Ma, B H S5 HFE BT 2160~1850 Ma., #4
WEAE (2018 ) X H 25 FFJIC B A Wi R 20 Ay e 5 kAT T
LA-ICP-MS A AR, 15 2] i/ NEREH 2453 Ma,
(7] Fsf %t B ) 4 T A R 2k Ll 5 34T T SHRIMP
U—Pb #5AM4E, 15 2I4E18 S 213910 Ma, M FRAE
HACHEAR IR KEUG T 2140 Ma, XX %:(2015) Fillg
SEMEAE (2018) MR IEAE A £ 4 AR A A AR IE, b 4%
TR EL BRI AR IS B E 1E 2200~2140 Ma, iZ4F %
Bl 55 AR IR R TTRVE RS 2140 Ma W1 G0 AR
RN T ARG Z L, HEAFR R )E
B A AR BT AR T R IR ORI AR IS . 25
B X AR IS B, KRBT LURE SR G OB A AR
WABRETE 2.1 Ga 247 .

A B EE N — BB R A &, Liu et al.
(201 La) 83k 65 45 A AT, PR o RUTRARE IS 24
1848 Mao FH LA HERE PG AT BE (BB ) LA
NG, A (2015) il i 28 AT, T
FEMEE T 1800~1750 Ma, Z5 4 X Se3ke, 7l Lk
P AR R DTRUEIR R 7E 1.85 Ga 244 .



554 Moy 18 4R GEOLOGICAL BULLETIN OF CHINA 2024 4

®1 HEREEEIE. MENHLTERILEE

Table 1 Test data of major, trace and rare earth elements of clastic rocks in Zhongtiao Group

Jo1 J02 J03 WOl W02 W03 W04 W05
FLE B SR B REFPA RFPRH REFPA RFPRH REFPA
AV WA HIEE WA HIEE WA D ey HELH
Sio, 90.02 83.69 84.24 73.28 72.43 74.12 71.42 72.65
TiO, 0.42 0.38 0.41 0.56 0.59 0.71 0.68 0.69
ALO, 6.21 7.78 6.95 1521 16.84 14.92 14.73 15.74
Fe,0, 1.44 1.52 1.39 3.41 2.43 3.61 2.54 439
FeO 0.32 0.43 0.17 0.52 0.71 0.35 0.46 0.19
MnO 0.02 0.07 0.06 0.02 0.01 0.04 0.03 0.02
MgO 0.76 0.69 0.72 1.93 1.88 1.79 2.01 2.96
CaO 0.31 0.65 0.48 0.35 0.29 0.31 0.78 0.43
Na,O 0.23 0.19 0.27 0.19 0.41 0.46 0.76 0.23
K,0 0.95 2.15 2.47 2.65 2.57 2.04 3.78 2.44
P,0; 0.03 0.01 0.03 0.04 0.09 0.01 0.01 0.01
Bk 1.21 2.11 2.31 2.83 2.78 1.68 3.02 1.94
Bt 101.92 99.67 99.5 100.99 101.03 100.04 100.22 101.69
Cu 72.5 78.5 67.4 56.3 473 523 47.8 38.6
Ni 3.4 1.5 1.8 3.2 2.7 1.6 37 4.1
La 26.01 45.88 43.65 36.51 26.63 31.77 57.32 48.96
Ce 49.25 92.06 113.3 60.33 42.65 58.45 65.98 72.45
Pr 32 3.14 2.16 4.59 451 6.41 3.56 2.79
Nd 20.42 37.18 38.43 31.69 36.73 29.06 54.71 46.87
Sm 3.56 4.78 7.62 2.8 2.43 427 4.78 6.54
Eu 0.74 1.29 1.67 0.4 0.43 0.58 0.96 0.65
Gd 2.39 436 7.03 4.43 1.98 2.55 4.77 6.87
Tb 0.36 0.54 0.91 0.08 0.36 0.35 0.98 0.64
Dy 2.57 3.67 6.56 2.46 1.54 1.33 2.01 4.78
Ho 0.14 0.13 0.44 0.12 0.19 0.24 0.43 0.09
Er 2.76 3.82 3.67 2.28 1.55 3.67 431 3.78
Tm 0.01 0.04 0.06 0.04 0.04 0.07 0.06 0.03
Yb 1.93 2.89 3.59 1.28 1.36 1.49 1.94 1.78
Lu 0.23 0.44 0.55 0.14 0.29 0.34 0.41 0.33
Sr 71.81 78.31 76.23 75.23 4539 72.47 79.43 79.48
Ba 342 241 442 223 243 232 446 379
Th 8.47 19.71 17.29 19.28 11.48 17.53 17.87 16.49
Zr 46.73 55.51 75.43 65.33 96.71 38.46 77.49 79.56
Hf 1.29 3.57 4.16 1.76 1.57 1.03 2.03 1.56
Y 18.64 14.57 31.26 12.46 13.76 14.58 13.78 14.12
Sc 8.62 10.59 20.41 9.88 1.65 0.89 4.56 7.63
Cr 58.41 92.31 83.16 310.33 103.36 110.3 145.78 147.68
Co 3.96 6.39 9.01 0.98 0.51 0.84 1.75 1.45
\% 5.89 10.14 9.81 9.66 13.26 6.87 8.77 9.43

TE: TRTTR G RN %, WO FIRG 10 R & BN 1076
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