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Fig.1 Simplified map of Liujiang Basin, showing the location of Shimenzhai area
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Fig.2  Ordovician limestones and dolostones in Shimenzhai area, Liujiang Basin
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Fig.3  Ordovician lithological profile of Liangjiashan
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Fig.4  Microphotographs of dolomitic wackstones(type 1) of Majiagou Group
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Fig.5 X-ray diffraction patterns of fine to medium grained dolostones( type II) of Majiagou Group
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Fig.6 Microphotographs of fine to medium grained dolostones( type II) of Majiagou Group
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Table 1 Electron microprobe analysis (EPMA) of carbonate minerals of Majiagou Group ( mass%)

KRR M A TP ZFSIO, K,0 AlLO; TiO, Cr,0; Na,0 Ca0 MgO StO MnO TFeO CoO NiO Total Mg/Ca
0,m-1 JRIELEN H=fA 012 001 —  — 002 002 3417 1995 0.03 0.08 0.60 — 0.02 55.02 0.49
e JEBSHE Hzf 0.21 004 0.03 — 0.02 3244 1953 0.03 0.05 024 — 0.04 52.63 0.51
FHAS H T FfgAa 005 — 0 — — 0.04 59.12 043 005 — — — 0.03 59.72 0.01
ek T W4 —  0.02 0.01 0.03 0.02 5218 0.17 0.12 — 003 — — 5258 —
B 7-B s 1, Bokisp e =4 0.03 002 —  — 0.04 0.01 30.75 18.42 0.08 0.01 029 — 0.02 49.67 0.51

Bl 7-B &2, Wk A=A — 002 — — — 2922 1837 — 005 027 — 0.02 47.95 0.53

i &l 7-B &3, Wi A=A 003 001 — — 0.02 29.04 18.72 0.06 0.02 051 — 0.01 48.42 0.54

o E7-B S4Bk B RA 0.06 001 0.04 0 — 0.03 32.76 17.68 — 0.04 0.65 001 0.04 51.32 0.46

i & 7-B /55,54  Hzf 0.17 003 006 0.02 0.02 29.95 1858 — 0.05 067 002 — 49.57 0.52

! & 7-B 45 6,348 H=f 031 013 0.06 0.02 008 — 3278 1931 0.02 — 012 — — 5283 0.50

0,m-4 K 7-B & 7,54 HzA 1.44 003 012 0.03 0.01 29.68 19.30 0.01 0.01 047 — — 51.10 0.55
s & 7-B £ 8, L5 ﬁﬁj{:E 201 0.14 1.07 — 0.04 56.63 0.70 0.01 — 030 — 0.02 60.92 0.01
S m Uk Hh e H=f 035 0.04 009 — 002 — 3275 19.09 003 — 020 — — 5257 049
Hze g Wt HzAf 237 009 013 — 002 — 29.27 1883 0.03 — 087 001 0.02 51.64 0.54
2 i ) HzfA 001 — — 0.0l 0.02 31.77 1845 0.03 — — 0.03 — 50.32 0.49

i LR RPN M= 0.09 0.03 010 — 0.02 28.96 1900 — — 075 — 0.04 4899 0.55

. Wiy HzA 055 0.0 014 — 0.01 31.03 18.51 0.04 0.01 2.12 004 — 5246 0.50

i 7% HzAf 0.12 001 001 002 006 — 2942 1861 0.03 0.01 08 — 0.0 49.19 0.53

3 A H=f 010 — 001 — 0.03 31.78 17.76 0.06 0.02 — — — 49.76 0.47

L[] 25 ) Jiff4 0.18 0.07 0.02 — 0.0l 56.82 021 0.14 — 001 — — 5746 —

i B 7C 51, Bkh R B/ 030 002 007 — 0.02 32.11 20.34 0.05 0.05 0.08 003 — 53.07 0.53

L ET7C 2 kiR HEA 006 001 — —  0.03 001 31.44 19.17 0.04 0.05 0.02 0.03 0.04 50.90 0.51

i E7C 83, Bkihye A=A —  —  0.01 0.06 0.04 31.15 19.40 0.05 0.01 008 — — 50.80 0.53

! F7C 5 4,3%%%  HzmfA 004 002 9 — 0 — 0.04 30.85 18.56 0.07 0.03 1.14 001 — 50.76 0.51

0,m-5 UL Hh e Hzf 042 0.05 005 — 0.01 3546 1936 0.06 — 0.02 0.02 — 5545 0.46
i m i Elzj/ﬁ 0.07 0.01 0.04 0.03 0.01 30.61 18.48 0.05 0.03 1.10 — 0.06 50.50 0.51
LK i i) Hz=f — 003 005 0.03 0.05 29.58 20.02 0.04 — 001 — 0.03 49.84 0.57
Rz 2 A 1 2% Hzf 0.27 004 0.06 — 0.02 0.02 30.87 18.79 0.02 0.03 008 — — 50.20 0.51
LR TRUE < Hzfi — — 004 004 001 — 3264 1804 — 009 006 — — 50.92 0.47

i PR TR Hzf 1.04 — 009 — 0.04 0.02 34.01 18.67 0.08 0.07 004 — 0.05 54.11 0.46

s LR AR Hz=f 0.23 009 0.16 — 0.02 31.97 19.39 0.06 — 0.15 002 — 52.09 051

3 Wiy Mz 442 023 049 — 0.02 33.05 18.66 0.08 — 034 004 — 57.33 048

T TFeO AR,
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Table 2 Electron microprobe analysis (EPMA) of “wheat shaped” dolomite in type III dolostones ( mass%)
FE i i AMEAE TSR K0 ALO; TiO, Cr,0; Na,0 CaO MgO StO  MnO TFeO NiO Total Mg/Ca  CalMg
B 9A ffrs 1 A=A 003 004 — — — 3206 2086 — — 028 001 5327 0.55 1.0410.97
B 9A ZMMr s 2 = 0.03 031 — 545 0.02 30.17 19.78 — 0.39 0.05 56.20 0.55 0.9810.92
E9A s 3 A=A 001 —  — 002 — 3225 2093 — 0.44 0.05 53.70 0.55 1.0510.97
E9A i 4 A=A 001 — 002 — 003 3246 2083 — 0.02 003 — 5340 054 1.0510.97
i B 9A Mfrs 5 Hz=fA 0.02 005 —  —  0.01 31.93 2095 — 0.01 022 007 53.24 0.55 1.0410.97
L. Eo9AHIE 6 Hmf 0.05 004 003 004 — 3148 21.31 0.03 0.02 0.24 0.04 53.28 0.57 1.0210.99
K KX f 2P 0.03 0.07 0.01 092 001 31.73 20.78 0.01 0.01 0.27 0.04
U HoASMid e AEA 002 003 —  — 003 3256 2091 0.03 007 027 — 5392 054 1.0610.97
B oA s b HzmA 004 003 —  0.03 0.01 3277 21.12 — 0.0l 039 0.02 54.41 0.54 1.0610.98
& 9A Z3#rs ¢ Hz=A 0.03 0.03 003 004 — 3496 1829 — 0.02 021 0.09 53.69 0.44 1.1410.85
[# 9A Z3#ii d HzmA 003 0.03 001 0.02 — 3284 2089 — 0.04 040 0.03 5430 0.54 1.0710.97
TN YA 0.03 0.03 0.01 0.02 0.01 3328 20.30 0.01 0.04 0.32 0.04
IO Hz=f 004 0.04 002 — — 3187 2079 — 0.15 — 5290 0.55 1.0410.96
0,m-13 KX faLk Hzf 007 0.07 006 — — 3021 20.84 0.05 0.0l 022 0.04 51.56 0.58 0.9810.97
N Kxﬁﬁuéfa‘ Hzf 005 0.04 0.03 — 003 3020 2056 — 0.01 0.22 0.01 51.14 0.57 0.9810.95
we H i&xd‘fﬁéﬂzﬁj{‘% 0.05 0.05 0.04 — 001 30.76 20.73 0.02 0.01 0.20 0.02
X FA M= 006 003 — 0.03 — 3001 21.03 — 0.02 051 0.06 51.74 0.59 0.9710.98
Az 2 Ja Xt Ak Hzf 007 006 — —  — 3149 2057 — 0.26 0.01 5246 0.55 1.0210.95
FXT 2k HzfA 003 001 — 0.06 002 31.96 2032 0.04 — 030 0.0 52.75 0.54 1.0410.94
T YME 0.05 0.03 — 003 001 31.15 20.64 0.01 0.01 0.36 0.03
X gk Hzf — — 001 — — 3239 2082 0.02 0.03 011 — 5337 0.54 1.0510.97
KXtk Hzf 003 — 001 — — 32722075 — 0.02 0.10 0.05 53.69 0.54 1.0610.96
Kxf gk Hz=f 001 002 —  — 001 3237 21.03 — — 016 — 5359 0.55 1.0510.98
IO Hz=4A 002 001 —  —  0.04 3331 2027 — 001 039 — 5406 051 1.0810.94
B Ktk Hzf 003 0.02 0.06 — 004 3211 2098 0.05 0.02 025 0.03 53.58 0.55 1.0410.97
i KX f 2 P21 0.02 0.01 0.02 — 002 3258 20.77 0.01 0.02 0.20 0.02
3 XS FAZR Hzf 002 — — — 004 3348 2054 0.02 0.05 0.08 0.02 5426 0.52 1.0910.95
X FA Hzf4 002 0.01 0.03 — 002 3285 21.27 0.0l 0.08 0.17 0.05 5451 0.55 1.0710.99
BEXT FA L Hzf 003 003 — — 002 3288 2065 — 002 — — 5361 053 1.0710.96
JSRoN:E HzfA 002 002 — 0.001 002 31.97 2063 001 — 027 0.02 53.01 0.54 1.0410.96
XL 0.02  0.02 001 —  0.03 32.80 20.77 0.01 0.04 0.13 0.02

T TFeO A2,
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Table 3 Homogenization temperatures of fluid inclusions

in Majiagou dolostones

TR —RE/C

119.7
124.3
137.1
115.4

89.5
124.3
89.3

0,m-4

85.8
76.4
95.1

0,m-8

84.2
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119.7

0,m-10
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Fig.11 Histogram of homogenization temperatures of fluid inclusions in Majiagou dolostones
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The Multiple Dolomitizations in Ordovician Majiagou Carbonate Rocks in
Liujiang Basin, Qinhuangdao Area, North China

FENG ShiHai'?, LI Hong' , JIANG JiaJun'? | LEI Yun' NIU YuanZhe' , YANG Rui',LIU YongJie'

1. State Key Laboratory of Continental Dynamics, Northwest University, Xi’ an 710069, China
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Abstract; Middle Ordovician Majiagou Group, widely distributed in North China, was characterized by layers of ma-
rine dolomitic limestones, calcareous dolostones and dolostones in Liujiang Basin, Qinhuangdao area, North China.
Four types of carbonate rocks in Majiagou Group were recognized in Liangjiashan Section, Shimenzhai area. From bot-
tom to the top, they are type I- dolomitic wackstones; type ll-fine to medium grained dolostones; type IlI- “wheat
shaped” fine to medium grained dolostones; and type IV- calcareous microcrystalline pellets dolostones. Type I rock is
mainly composed of microcrystalline calcite with fragments of trilobites and ostracods. Some fine-grained euhedral dolo-
mites are “floating” in the pressolution stylolites and seams, rare in matrix. Petrological analysis and geochemical fea-
tures of type I rocks indicate that the dolomitization occurred after the pressolution. The pressolution seams and stylo-
lites provided pathways for dolomitizing fluids. Meanwhile, the conversion of clay minerals within the stylolites could
provide part of magnesium for the dolomitization; Type Il dolostone consists largely of euhedral to subhedral in-
equigranular (fine to medium grained) dolomites with “cloudy center and clear rim” structure. Photomicrographs of
backscattered electron and cathodeluminescence of type Il dolostones show that most dolomites have clear zonal struc-
tures. The variations of major elements, especially Fe ions between the rings and the intervals in a single dolomite
crystal suggest that type Il dolomites were formed by multi-stage dolomitizations during the burial history. The dolomite
in type III dolostone reveals the feature of unidirectional extending, named as “wheat -shaped” crystals. The long axis
orientation of the dolomite is fixed and perpendicular to crystal ¢ axis. The EPMA analysis indicates that type III dolo-
mite is Fe rich and poor with Mn and Sr. The content of MgO along the long axes is slightly higer than that along the
short axes, while CaO content shows the opposite tendency. Both the geochemical and cathodeluminescence features

13

indicate that the “wheat-shaped” dolomite was also the result of burial dolomitization. The diagenetic fluids may play
an important role in the formation of the unidirectional extending dolomite crystals; Type 1V is calcareous microcrystal-
line pellets dolostones, with pseudomorphisms of gypsum. This type is mainly composed of microcrystalline to micro-
sparry dolomite, including pellets and algae. The dissolution pores are common in type IV rocks, but had already been
filled by poor-Fe sparry calcites totally. The petrology of type IV dolostones indicates that the dolomitization occurred
very early, probably formed in lagoon or tidal flat of supratidal zones. In summary, these four types of dolomite in re-
search area are the products of different dolomitizations, varied from very early to burial dolomitizations. From the bot-
tom to the top of this section, the dolomite degree of order declined from 0.8 to 0.47, while the dedolomitization in
four types of rocks appears the reverse tendency.

Key words: Middle Ordovician Majiagou Group; pressolution stylolite; “wheat-shaped” dolomite; burial dolomitiza-

tion; Qinhuangdao area of North China



