>
i)

Do

6 o M B % 3 ACTA GEOLOGICA SINICA

SRR HTERNREER
— W

Eﬂ% L 7%?‘7(}%1) ’§/&m1) 73%51) 9%£1)

D Jbat Rz Bk 5 25 [ R 27 Be . AL a0, 1008715 2) Hoa i iy 15 b 7e 8 A 3 A0 52 56 %, b U, 100871

RBRE A HRIH L0 Y2 M BR b 250 o5 7 /9 7 ik WF 58 7 & B b oo ol 350 1 2R B TR B o
WRIR SR . XU AL TR RIA S R A S S R 0 AL A R A 2 R AR Mg/Ca B T
{37 L R i R . 25 W BRI A 45 5 Kubler 550 By 0. 37°~1. 37°A20, G I8 41 45 b Ji Arkai 45 %3 [
9 0.31°~2.40°A20, LA K& 1M, 12 RY, — B4 7 75 X AL T 0 350 B 7 P 2 o 30 LS AR 5 A B R 3 38 31 1 4 R A8
FEHPRA B Lo dl G FEERAA FFERE GFRZMEE AR E S MEER 8~24 nm, H FF(23~24
nm) A F] T NEWMOD 58 09 338 iU /078 Bt 5 B 5 45 b B2 300 — 30, bR W] 17 AR IXAL T I 00 1 B B
B AA T EWBIERY AR XRIRE S A=A NA T EERE 0. 19~0. 99, /] 43 4 A EARGA )7 IR
PP PYA T EHBATW . SR AR-Z&RKREE A T RRE T HE — &M AaT s, AKX
H PG [ 7R o AR A Y AR B MR T A s AT TR AT BUE VR TR EE S 183~200420C L Ky

Vol. 95 No. 5
May 2 0 2 1

7 330 MPa, iy #4866 & 2 17~21C /km,

REEIA ai H AT IR AR AL s B R A A

i) B rb B IC B R R s b BTl At
AR b o 79 T I 5 3 A 20t 30 AR AR wi T iR
TR H ST (Kao et al. , 1934) 124 2 1E & AT
TREMA . Br 7@ T R el A2 R
J¥ . R0 5 &AL Ah FE AR W 2 2% (Cao Ruiji et
al. , 1981; Xing Yusheng, 1989). X 1 #h JZ %~
(Wang Yuelun, 1980; Chen Jinbiao, 1983) .2 %
HhJZ % (Gao Linzhi et al. , 1996; Mei Mingxiang et
al. , 2000) F [ i & 4 L i )2 %% (Lu Songnian et
al. , 1991; Gao Linzhi et al. , 2009; Li Huaikun et
al. » 2014; Guo Wenlin et al. , 2019) 8k 3k154 T &
B R 7E VT 2% (Zhao Zhen, 1982, 1988; Song
Tianrui et al., 1991; Ren Chuanzhen et al.,
2019) HbER{L2% (Li Chao et al. , 2002) iy #1 ff 2%
(Wu Huaichun et al. , 2005). % £f1 % (Liu Bo et
al. , 2004; Xie Guwei et al. , 2005; Mei Mingxiang
et al. , 2009; Wang Dehai et al. , 2009; Zhong Yan
et al. , 2011; Yang Yunxiang et al. , 2011; Liu

A SCNE R A RPHE 0 H (45 41872048) TR AR o

S 45 Al BE 5 A B 5 M RO TR

Hejuan et al. , 20135 Zhao Yue et al. , 2019) f14"
¥4 (Li Mingrong et al. , 1996; Wu Huaichun et
al. , 2005; Meng Xiaoging, 2006; Chen Tao et
al. , 2007a, 2007b, 2008; Mei Mingxiang et al. ,
2008; Zhou Xiqgiang et al. , 2009; Zhu Xiangkun et
al. , 2013; Mei Chaojia, 2018) ZE&NH S T — %
G R o

Y IERIETR= 0 U T e s el o) =g (A EEE Y
Lo AL B B R o A FE T A L A R G B
5%k, Liu Bo et al. (2000 T A A LM 50
FRERIE , K Ll ) S5 AR AE F B 52 ) 5 Xie Guwed et
al. (2005) 118 77 k7K = 2H T8 4k o XAk 5 1) {1 3
4 5% % ; Mei Mingxiang et al. (2009) 3578 T 20484
A D 5 55 5 R YD A 6 & s Wang Dehai et al.
(200D BB 1 T2 58 fh K Ca  JRUAE Bl b 4 i
M & H #35 ; Zhong Yan et al. (2011) i 8¢ % 16 A 41
JEEHRRE 5 R “W i AH 7 ;s Yang Yunxiang et al.
OIDIFIE T T RAVIEUE R -5 TUBER S S

WS H 11 :2020-05-115 Bt [l H H]:2020-09-27 ; B 4% & 2% H 1] :2020-11-27 ; T 4T 4w 4 - B4
PEH A L0 5. 1958 45k, # A S0, FEMNFH + 7 WA BUE -2 R 5T . E-mail: hjwang@pku. edu. cn,

~1480, doi: 10.19762/j. cnki. dizhixuebao. 2021033.

section, Tianjin, China

SIRAS B R, . B E .2 F. 2021, S8 p Hoel S s E I —— I T 02 f 8. B R . 95(5) 1 1469

Wang Hejing, Chen Mengyao, An Jiali, Wang Guanyu, Yan Yu. 2021. Diagenesis of the Meso-Neoproterozoic in Jixian
data from mineralogy. Acta Geologica Sinica, 95(5):1469~1480.




wooB

1470 http://www. geojournals. cn/dzxb/ch/index. aspx

s
2021 4§

Y ;Liu Hejuan et al. (2013) % 75 ik #4) 1 1 F 147 #4) 1
535 A 06 & AT T i Zhao Yue et al.
(2019 VI8 T RE A1 4545 T8 B et 1A

A S az T A A 4 i B R e A & A L 2R
RERR £h 22 Y 8 A0 Hb B I BE 3 B = 4 A 7 B AR
w W BRI S B A B ST T BT R oo R
T4 18 e AN B R £6 o 1) 80 T8 A ARe Ak DR 32 1) T 42 {3t
1A E R R BT RE

1 B S EAnoR 2

i B3 i A T AR AL B M X, — oA k&
“ 8 Bz g e b v P A S, HE R B iR
E I UL A5 )2 ZE DT K AR FE T I8 B &R 9 D0 RR-
Sl . e B T R R s AR FGRE T
i 1800 Ma 4R DI BG4 8 Ji -5k R £ A DL BRIC %
AR ) o7 2 AR A7 BEoRE JErp st 2% 1200 ~1000 Ma
AFEVLAHIC F (Qiao Xiufu et al. ,2007; Gao Linzhi et
al. ,2007) . i B 351 T Pl 20 b J2 R 2 3T 3000 m
(The Bureau of Geology and Mineral Resources of
Tianjin City.1992), gy & 1 b AL 35 & JH 38 40 . 0%
WA AL FAHMRLIMA ., FMIWHAAEFEER
TSR KA A SR S R B A b b
JE B TR R s HR 0 Y A 1 R O U
WP s M A = AR A B A T E R
o Jedh 3w om Mo @i ib g e oUs e BER
R R R I A LR I 2 s RELI 2 A 1 £ 2
EEHEE S ARG ABRRA S AR
MK s b 5 S5 . # Bl 2R R T
6100 m ( The Bureau of Geology and Mineral
Resources of Tianjin City,1992), i1 F 1 &35
THEH A A 55 ok A K RIS 2, &
THEAAETE N ORE Ha Bl KE RN A
WA HEIE A, MIEHEEFE R AafKA
OH A RE R A SR a5k idla 1k
FEN - Aaa BaEKaE BURHAs S &R0
HzuaMkadasa. BoKEAaEEEE N 5,
KA T A R TUA PSR TA . BRI A
FEN AR E B AR E UE KA EREA
KA B mf. §HHLH)Z)EER 400 m (The
Bureau of Geology and Mineral Resources of
Tianjin City,1992) , 1 AL 45 & 5 04 4 1 5 L
WZH . R E U 2 R F Ny R D BT U R i A
Mib . sILBH et EE S TS ks i
AR AP H B KA

N T RS IR AR W B R B T AL L TR
AR E R A R AT RS TR I i T AR X
FERBINHZ & WX A Gt 1T 7R &,
VEFE B A5 R 1 DU VTR e DR K R D B
T e Jo 14 e J2= 2R SR B B 1) e AR AN LA S B A A
af s 38 73 1R B EL M 5 PR SR AR OB AR 47 5
oy LI 1.

2 SRRy kS &AM

PR 72 A8 &R B A A e
TUA B K 5 55D K = 55 R a5 il i i B 2
0.5~1 em FAZRK/N, ] DF-4 FEFEFEALIE AR 29
30 s, >k Stoke PLFHIEL H £ <2 pm ik, I H
LXJ-64-1 B0 HL 2 B B PR W I W M4 . 00 125 4%
il A, % >3 mg/em’  BIAM T B A
T IEAE 60 C 45 F AT & I I ik 52 55 AR 4in
Bl I 5 2 L WS DLEAT 375 C A 550 C YA,
AT H SR B R 2 22 C L SEIANER b R
FEBUTFAAT AL X Pert Pro MPD, il & 4514 - H8
JE 40 KV, H i 40 mA, Cu ¥, 1/2° & §t B 48 .5. 5
mm FEWCPEEE , 0. 04°Soller P& . H K N 0.017°
20, A E] 20 s, X Celerator M %5, FH T 9
YRR Z2 B M SE W F T L Oy 4~ 60720, ] T4 e
A7 3 BT FE IR [ Ry 4~ 70720, 58 ) F AR A
A1 45 i BE LR YE A 5 b B2 1L ] 4~36°20., B
£k JE K/ MudMaster #44: (Eberl et al. ,1996)
i NEWMOD #0358, | o= A A 7 B i il ik
PLCO15) FI (110) 47 5 e T AR LE {H 8 5& (Goldsmith
et al. , 1958), Hz A1 CaCO; JBE /R 73 ¥ (104) THi
W] ] i 4% ] Deffeyes et al. (1965) AR IHFH .

3 4

EEREL VR SE -3/ DS RN LR FAIN A LN )
PENGIE SN FEINE PV IS SR AN S 31
B VKA IR R VR AR A . <2 pm RLERL
A G EE PR PRAS PSSR Z IR
5l LA BRI S S0 4L A AR A LT
2), FEMHZ AR AL DA A A
PO Sl NENM S A0l F
J& . CaCO; & i AT SORFEAE(F R 1,

4 e

4.1 FHItuwHASE
DI EZERER . Z 0 a4 (<2 pm B4



%51 AT A AL BT AR A R —— IR T 2 i B 1471
117°30' 11000 ¢
: 10000} @ g
9000 S g
=
8000 1001)/S(001) =
#7000 A /S
= =
= 6000 =
= s
= 5000 — Y
4000 . &
3000 | N g =
40°10' -40°10' 2000 | o oorstntsy
1000 : . : : .
5 7 9 11 13 15
20 (°)
15000,
N o
13000 S S
z s
11000 S & a
e o =) =)
LS S = =
Pt2x E; 9000 5 5 6
R
ot 117°30" & 7000 M«.L l
| =

Q
3 6 km
[e] (o] ) = -
KI>0.42  KI<0.42  Wij  MjEstek R
= KKk Fault strazf_j ;aphic Uné)mforn?ity
KI1>0.42 KI1<0.42 boundary
locality locality

&1 R 2o & (JF Chen Jinbiao et al. ,1980;
Ma Lifang et al. ,2002 &80 AN B G FI) A 45 0
Kiibler 5% (KD 4347 &l
Fig. 1 Geological map of Jixian (after Chen Jinbiao et al. ,
1980; Ma Lifang, 2002), sample location and distribution
of illite crystallinity Kiibler index
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Q—Quaternary; €&f—Fujunshan Formation of Cambrian System;
Pt}j—Jingeryu  Formation of Qingbaikou System of
Neoproterozoic; Mesoproterozoic: Ptjz—Xiamaling Formation;
Pti+— Tieling Formation of Jixian System; Pt3h— Hongshuizhuang
Formation of Jixian System; Pt}w—Wumishan Formation of Jixian
System; Ptiy—Yangzhuang Formation of Jixian System; Ptig—
Gaoyuzhuang Formation of Jixian System; Pt}d—Dahongyu Formation
of Changcheng System; Pt}z— Tuanshanzi Formation of Changcheng
System; Ptich—Chuanlinggou Formation of Changcheng System;
Pt}c—Changzhoucun Formation of Changcheng System; Ar—

Archaic; YW%fInd()fSinian porphyritic monzonite granite
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Fig. 2 X-ray diffraction patterns of illite/smectite (I/S)
and chlorite/smectite (C/S) mixed-layer phases in air-dried
(AD), ethylene glycolated (EG) . and heated at
375 C (H375), 550C (H550) of Meso-Neoproterozoic
samples in Jixian
(O—MRIRZM M d 5. HW-296 SH &P S AP ZER)Z /S, H
F1 176 1/S W 5 83% , H: Reichweite JR )2 R>1;(b)—FE 5 JX-7
hEAFFRE I/SHGFIRZE C/S. K 5212 d C 1 C/S

il 53% , H Reichweite JRJ2J RN TCFHA R=0, 1M 52 1R
217 1/S Hp 5 82% , H Reichweite JE 225 R>1(Moore et
al. s 1997) 5 T—fHFlf7 s S—Z fbif7 ; Ch— i £
(a)—XRD pattern of sample HW-296, derived from dio01)/sc002) the
I content in I/S is 83% and its Reichweite mixed-layer type R>1;
(b)—XRD pattern of sample JX-7, derived from dcncoo2)/sc002) the C
content in C/S is 53% and its Reichweite mixed-layer type R=0,
and derived from dicoo1)/sc02) the I content in 1/S is 82% and its
Reichweite mixed-layer type R>1 (Moore et al. , 1997); I—illite;

S—smectite; Ch——chlorite
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Abstract

Clay mineralogical and mineral structural occupying analyses were applied to the clastic rocks and
carbonates of Meso-Neoproterozoic in Jixian section, Tianjin, China. These analyses include illite
crystallinity, chlorite crystallinity, clay mineral assemblages, particle size distribution, polytype, ordering
degree, Mg/Ca ratio in dolomite structure and geothermo-geobarometer. The results demonstrate that
illite crystallinity Kiibler index ranges from 0. 37° to 1. 37° A26 while chlorite crystallinity Arkai index from
0.31° to 2. 40°A268, gathering with 1M, polytype, uniformly indicating the late diagenetic stage encountered
with these clastic rocks except two data falling in the incipient anchimetamorphic realm. The major clay
mineral assemblages are illite, illite/smectite mixed-layer, chlorite/smectite mixed-layer phases and
kaolinite, reflecting a certain paleo-environmental condition. The upper limit 24 nm of “Best mean particle
size” from the range 8 to 24 nm well agrees with the size 23 nm of the anchizone/diagenetic zone boundary
converted from NewMod with Kiibler index 0.42°A20. It also explains clearly the late diagenetic stage.
The range of dolomite ordering degree is from 0. 19 to 0. 99. This range can be classified into four grades:
very low-, low-, middle- and high-grade ordering zones. Compared with the situation of carbonates of
Carboniferous-Permian in eastern Sichuan, the low- to middle-grade ordering zones have an appropriate
prospecting for petroleum and gas. From the west to the east, dolomite ordering degree increases generally
from 0. 19 to 0. 99. The estimated diagenetic conditions are 180 to 200+20°C and 330 MPa pressure, and
result in a paleo-geothermal gradient of 17~21C /km.

Key words: Jixian County; Precambrian; evolution of diagenesis; assemblages of clay minerals;

crystallinities; ordering degree; geothermo-geobarometry



