"‘ﬂm* N T R
= = = Acta Geologica Sinica

ISSN 0001-5717,CN 11-1951/P

s

(HBBT2AIR) MR E R

RH L1 R AR F B OFIRALRAS K L —— USSR 2 i N A4 &
FHEELL R N

(= E, T, &8, ZKE, ko, &4, frT

DOl: 10.19762/j.cnki.dizhixuebao.2023334

W H - 2023-07-10

Mg E R HE:  2024-03-28

51 = LE, BT, S8, ZKE, K, 4%, M7 AEDEPRYE

EFNRALIRES S b it e L —— PSR 2 i da i N B g B PHRF L2 A
[J/OL]. HbJF 2#4Rk. https://doi.org/10.19762/j.cnki.dizhixuebao.2023334

@n(uf@x«m

www.cnki.net

PISEE R TEgEM TAERAR T, Rtk NGB R EL SR ER . HECEfn. B0 E S
B. FHEWRBARCESH S, HildET . FmAH RETIAR M. HREfETE R e iz
TRl CRUAEM L IR HERE RaE, TR E AR B BRI . B e R R
FRAFE 45 W DU O e (0 BRI K AR BV S 1 o SR FH e i 0 4% 11 R R iF A 2 2B A
MR FLZG) A CHTIH B EE ) A E: AR TR B BRI RHEEREEE, FFE 4
BRSO R, AAETE S AR AN AT g B HAZ AT s Rt o 225 B A A T 5 DR A5 T
MR E AR R, EFE NS —VEIE S 07 9 87 ANCTBE IR 8 T A St B AR SE
DR E R 2% R i, SR E R — KA, AMRESOESGE E  1EE . HUARRAI R N2,
AL BT R R AT > B B L

HARFGIN: 400 AR E S (R EEARBIT OO BFREHARARZY, £ (FE
FARIAT (MZIO) HRERE & LA S 40T T 9 A — S 45 i, DL RS s A O 20, 78 BRI
AR /T RS SO A e R HERCE R . B e R . B o E AT (2RO ) 2 5 H
R B A RV A P 4 S T AR (ISSN 2096-4188, CN 11-6037/2), it A2 2y HAFII 4 W0 28 hix L 0 28
RSN TE AR -



2024-03-28 21:27:54
% 98 %

202 4 4

https://link.crjggnet/ i d/ 1229512024083 TIAZ.OE OT.OGICA SINICA

Vol 98
. 2024

ARMEMNRFHBFABMFRERMBEEN
— USSR REFAMTAEREAHRLEN = AH

LEV, mRED, BV, BkH", KERY, 257, 4770
D P E AR AL ED AR RS TR 4 E A SR %, 6 a0, 102249,
2) W AL v A w R RSB L AL T RS . 1240105
3) NS R TR (AR D B | N S AT 4R 010090

MFRE L2 R Bk 12 440 BB A R 4878 558 3 SCI TR . — A 78 /K M S A0 3R 358 T T i ok
B RS R FES Y., BRiE X2 BT YT 25 B AT PR B2 1 . B 6 H ORI AR RS K
B AL R RABESE , AR SCULSR R 2 A T RS R SRR R A B R A O AR R R T
W R 1 2 R RAEB AR B IRIE R T L0200 5 GOk BT R B e 45 9 1 SO0 A7 R 28 L I 78 b 3k
RHEE AR DT T H B ALE . W5k B L0200 55 BOE ) — IR 20T i 45 0 3 22 o0 S AR B0 MR HL A R 0 I A7 R
B — R B ERNR F G 1 BORLR 2 L B AN ) OB B FE 500~ 1000 nm Z [8] . 98 FE 50 nm AR 5 55— Fb
ST R E R LW I B B Y ORI AR IR TR U BT 1) HEB L A2 A% B A A R B B B UL
BN KB — /T 500 nm, FEEETE 30 nm LA . Z0J2 0 PR gk 0 7 R R0 A bR S 2 B L e e R I K
TE % FEVL Z 5 Xk W 7 MR e 45 4 L TR G o k0 e 445 9 Iy 6 BT ok 0 AR R v L 0 L i Sl RS B9 4R T
W, WA P RERE IREY MIE BT B R R T — A 2 N BETOBUE 5= T R AR SS 1 3R B R AE 3[R 2 b
JB 7 S B Y K= RS UL SRR WA T A BRI  A2  E A e M e sk E RS B R

AR,

KB R IR OB B P SR W A

HAXTELE R A B OF 58 R B, LR Bk o (3R
1 36 5] A D e R ALy R, — A
LLERY S R R T EE T 4R TH I B XA Bl s
(Rainoldi et al. , 2014; Bankole et al. , 2016;
Wang et al. , 2017; 5K B &, 2017; 3t 25 &,
2019), AR, H T E X 20 G0 5 S R ko, &
BAF AR T HR L a0 R A A PR AROUE R A 0L
FE LN K TR HBR AR 2 43 1 X B 50 g U )2 T
b Rz X AU IR AR A RS TR A S, X
FELLAAD I AT S W ) R IR AL R A TR A

SRR Z W W R E e — B2 A iR
Rl 212 URR ) He b die A7 AR M A0 IS TR A5 PHRF AL 2

b SR 2 W 4t vp Iz A3 AT — B E A G
W, 20105 B4, 2015), Hd L0 20 &
W AFTE AR BRI W) (oK e 5, 20175 SR EE AR
2019) . X REPHEEXALSC Y 20 BT R B Ok A A b &
LR A B B AR B A KA R IR R B R =
B AR KRR BR 0 W i0F A2 P, X Se 5 4 (1)
O3 AR TT BE S DTAR D) S A 1 O R Bk (R 45
1998; [Al [E 814, 2000; B EF, 2009) , R &I
DL 0 AR 3R 0 B 45 0 DT A b e 2
(Chandler, 1980; Turner, 1980; Eriksson and
Cheney, 1992; Mucke, 1994),

P 20 o b 5 7 B B B o Ay SR g R i i
ARG X R i il A (DA HE BT A s Y DK =

W ASCHEFR A REEILSTE (4% 42173030,41802149) AP 5l B A X Hu 5 A 56 4 300 B (45 20-1-MTO D) BX A % B i i SR
Wk H 459 :2023-07-10; 281 H 4. 2023-09-17; T Z AT A Te /R4 48 . 220,

EHRIAN D59, 1988 4E A, LR A @Iz, 32 50 S At R A b ERfL 22 BF %8 . E-mail: mayong@cup. edu cn,

S IRAER B ERET L B ,1987 AR YR, A F I A B A ER L 2= 05 . E-mail: cmbruceyoung@163, com.

Group. Ordos basin. Acta Geologica Sinica.

SIAARX G5 . HRT B . BREREIE. 24 4077, 2024, L2 EPREBE T MMAARE LT ZE LSRR ZH AT
MG R PHRFLLZ A ). MR 4R, doi: 10.19762/j. enki. dizhixuebao. 2023334.
Ma Yong, Yang Chengyu, Cai Chao, Qin Changcai, Zhang Zhaohui, Li Lei, Zhong Ningning. 2024. The occurrence state and
geological significance of nanoscale colorants in red bed sandstones: a case study of red sandstone of Lower Cretaceous Zhidan




oo i
2 http://www. geojournals. ecn/dzxb/ch/index. aspx 2024 4
PR PP S8 0 b SR S R LAY 2 1 LR R Y B,

A BEE B LA B A 5% A M ER 3 55 AE Ak (Miller et
al. , 1991; Broecker, 1997; Holland, 2002; # B
E4, 2003; EMFE, 20065 VKA E 3%, 2009;
Kidder and Worsley, 2010, 2012; Bekker and
Holland. 2012; 5, 2017), —MBRIAN A B A
TR Z M RPEL)E & 2 Rk ik AAE A 1 &
FEhR & (H T H AT T KB 202 0 A0 SE B 5T 38k R
BeCFERLE, 20065 PMVEXATE 3%, 2009; F ALE
&, 2017),

IR, AR SC LA SRR 2 0 A AL 38 R 1 e 4 5k
BERG A LT 200 5 Ry ], B F 25 0 R R & o K
TR G i A S USRS A R AR AT R DA B
FITEAR R b 77 4R R AR A L 78 e Sk ik |
SR EBCAERERITHE TR0 IR WY
BT AR R IR T X KR 202 DB A 5 e b i

1 RS

L1 HIE4FE

TRIR Z2 17 2 b 57 F R D PP L RS L PG A
X F 25 4 38 A0 T AR 24 25 X 10" km?”, #5104 (&
la), MG ARG T ¥R LA 1~2 km 111
Bk, TR T A AR E R AR E R A
HEE TR, Hrp DU I AR R 5 L
B (E b, SR Z W 2 ik L nl iR 4R 6 A4
3 B0 (8 1a) L 43 il B B R I L R 7Y
Perday (Bt R L R R M BE A DL R TG 2k W R A L I
rh B db R AL T 4 T S 2 2 b 1 A 1 T
B PESE, 20065 BARTE, 2012; S, 2015),
BRIR 22307 F e — S LR ) e P A, B P AR AR
PLSK PR FRE T 3RS W H 3 R AE , BAR R B o A AR

F1 SPR 2 0 4 A 3 o0 X R IBURE (32 B (o) I B 3B op AR A3 )2 2045 (b) (E Zhang Long et al. , 2019 &30

Fig 1 Tectonic zoning and sampling location of Ordosbasin (a) and Mesozoic stratigraphic distribution in

northern Ordos basin (b) (modified after Zhang Long et al. , 2019)
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Fig 2 Sedimentary model of sandstone in Zhidan Group, northern Ordosbasin
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Fig 3

SRR 22 W A b AE R A PR 2L R D A R AE
Lithologic characteristics of red-bed sandstone in Zhidan Group in northern Ordos basin
(a)— 2R WA B 0 . DS-35-3-461 m; (b)) —HURZL b & SIS O

DS-35-3-580 mj; (o) —£L o h 4k b 45, DS-35-3-192 m, B

MG () — KA A PR E W S A SR TR B 5B, DS-35-3-580 m, BRI 5 (e)— 21 1168 2 b 2 W F L 20 68 mE 2% 20 Sy 211X, A5 Ml Ky
X, DS-35-3-173 m, HL4i s 5 (D — 1 ib 8 rp 4 22 00K 0 19 97 K8, DS-35-3-461 m, Bt

(a)—layered red and white sandstone interface core, DS-35-3-461 m; (b)—

massive red and white sandstone interface core, DS-35-3-580 m;

(¢)—red medium fine net sandstone, DS-35-3-192 m, polarized light; (d)—feldspar quartz siltstone sheet,dark grain layer is mainly biotite, DS~

35-3-580 m, polarized light; (e) —red and white miscellaneous sandstone sheet,red area on the left side of the red dotted line, white area on the

right,DS-35-3-173 m, polarized light; ({)—hematite on the surface of the wrapped grains in the net sandstone, DS-35-3-461 m, polarized light
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Table 1 Results of analysis of mineral composition in thin sections of sandstone samples
o S o KL (100 %) BRI (100 Y6-1H0k: %)
W= B (m) Ak T - —— o . TN EeTa——
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DS-35-3 o
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(Cornel and Schwertmann, 1996; 5K %, 2017),
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Fig 4 Scanning electron microscope observation of rim ferric cement in red sandstone in northern Ordos basin
() — KA NE K BBAR IR ILEEH) , DS-35-3-580 ms (b)— M H () H {75 HE K . DS-35-3-580 m; (o) — M (b) ¥ (A7 HE K . DS
35-3-580 m; (d)—¥ritb 5 A A 2 46 S UKL 1) R R 1S, BET-2-69. 4 m; (o) — HEA () ¥ & 5 HE R, BET-2-69. 4 m; (D— M A ()

477 HE it K, BET-2-69. 4 m

(a)—encapsulated hematite cementation with feldspar edges, DS-35-3-580 m; (b)—enlarged yellow box in photo (a), DS-35-3-580 m; (c¢)—

enlarged yellow box in photo (b),DS-35-3-580 m; (d)—encapsulated hematite with detrital grains of net sandstone species, BET-2-69. 4 m;

(e)—enlarged yellow box in photo (d),BET-2-69. 4 m; ({)—enlarged yellow box in photo (e),BET-2-69, 4 m
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Fig 5 Scanning electron microscope observation of filling ferric cement in red sandstone in northern Ordos basin
() —FU IR BLAE AN S AQHE L7 Wy AR Bk, DS-35-3-173 m; (b)— M () A 8 (75 HE K, DS-35-3-173 ms (o) — M A (b) P 3 € 05 HE O
DS-35-3-173 m; () —Fl A8 ) B0 2= 1 o FE S A R B IR 459 . DS-35-3-173 m; (e)— MR H () Fr # 64 5 HE B K, DS-35-3-173 m; (D—MR } (e)
BT HERCR . DS-35-3-173 m; (@) — TR Bk I BETE 0 AT 45 R . DS-35-3-173 m

(a)—hematite filled with cleavage joints and metasomatic clay minerals,DS-35-3-173 m; (b)—yellow box in photo (a) enlarged, DS-35-3-173

m; (¢)—yellow box in photo (b) enlarged, DS-35-3-173 m; (d) —hematite cement filled with altered biotite, DS-35-3-173 m; (e) —yellow box in

photo (d) enlarged, DS-35-3-173 m; ({)—yellow box in photo (e) enlarged, DS-35-3-173 m; (g) —energy spectrum analysis of hematite, DS-35-

3-173 m
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Fig 6 Calcite cement in red sandstone in northern Ordos basin

(a)— b P (0 5 i A7 22 U 45, DS-35-3-461 m, i )65 (b)

Hetth 25 I 75 i A BRI 45, DS-35-3-461 m., B G s (o) — Ak DA

PR B AR . DS-35-3-173 m, B -5 () — D P T O R G IR 4 L DS-35-3-192 mu B G 5 (o) — DA T TR I Oy i A IR 45 L DS-
35-3-192 m. FAML & 6 s (D — 4B b A vh 19 B = B AR 80 B B, DS-35-3-173 m. H 4 6

(a) —calcite basement cementation in net sandstone, DS-35-3-461 m, polarized light; (b) —calcite basement cementation in net sandstone, DS-

35-3-461 m, polarized light; (¢)—biotite grain layer in fine silt sandstone, DS-35-3-173 m, polarized light; (d)—two-stage calcite cementation
in net sandstone, DS-35-3-192 m, polarized light; (e)—two-stage calcite cementation in net sandstone, DS-35-3-192 m, CL; (f)—biotite in

fine siltstone, with obvious alteration, DS-35-3-173 m, polarized light
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Fig 7 Diagenetic evolution model of red sandstone in

Zhidan Group. northern margin of Ordos basin
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Abstract

Red beds are widely distributed sediments on Earth with specific environmental significance. It is
generally believed that hematite cement formed under water oxidation conditions is the main color-
producing mineral. At present, the research on red-bed coloring minerals mostly remains at the level of
mineral identification, lacking in-depth study on their microscopic occurrence states and genetic
mechanisms. Taking the continental red beds of the Lower Cretaceous Zhidan Group in the Ordos basin as
an example, this paper adopts multi-scale characterization techniques of core, thin section,
cathodoluminescence, and argon ion polished scanning electron microscopy to reveal the microscopic
occurrence of nano-scale colorant-hematite cement in red bed sandstone for the first time, and re-explore
its genetic mechanism on this basis. The study found that the colorant of red bed sandstone, hematite
cement, is mainly needle-like or sheet-like, with two microscopic occurrence states: One is encapsulated
and developed around the edges of clean sandstone particles, with individual mineral particles ranging in
length from 500~1000 nm and width below 50 nm; The other type of filling development occurs in the
cleavage fractures of clay minerals and mica particles, often arranged in a directional manner along the

cleavage. Due to the spatial constraints of the cleavage fractures, individual mineral particles are smaller,
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with lengths generally less than 500 nm and widths below 30 nm. The occurrence and occurrence state of
hematite in red bed sandstone indicate that it was formed by the early dehydration of limonite, followed by
the development of two phases of calcite cementation. Therefore, hematite cementation should mainly
occur during the sedimentation and shallow burial periods, rather than during the uplift period after
sedimentation. The formation process of hematite cement in sandstone indicates an environment
characterized by high atmospheric water oxygen content under a dry inland sedimentary background,
which is also a glacial state during the geological history. This suggests that the red sandstone of the
Lower Cretaceous Zhidan Group in the Ordos basin also has important implications for studying the global

glacial state during this period.

Key words: hematite; cement; red sandstone; Zhidan Group; Ordos basin



