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Fig. 1 The paleogeographic background of Western Hills, Beijing, and adjacent areas:
red rectangle. (b) The location of typical sedimentary phenomena in the Zhuanghuwa Village; (c¢) Lithostratigraphy of the Meso-and Neoproterozoic strata of

Liaoning Aulacogen from the Mesoproterozoic Gaoyuzhuang Stage to the Wumishan Stage, showing an epicontinental sea opened to the north (after He Zhengjun
et al. , 2000&; Qiao Xiufu and Gao Linzhi, 2007&; Su Dechen and Sun Aiping, 2012&). The studied outcrop of the present contribution is marked by the

the Yanshan Mountains—western Liaoning Aulacogen and the approximate position of the study area (the Member 4, Wumishan Fm. ).

published SHRIMP age data are shown on the right of the column
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Fig. 2 Field occurrence of siliceous rock and its associated ripples and interference ripples at Zhuanghuwa Village, Western Hills,
Beijing: (a) siliceous strip dolostone commonly found in the Mesoproterozoic Wumishan Formation ( normally weathered surface) ;
(b) siliceous strip dolostone commonly found in the Wumishan Formation ( fresh rock after river scouring) ; ( c¢) siliceous rock
after the overlying dolostone is denuded; (d) siliceous rock deposited with the original undulating layer, showing obvious changes
in thickness; (e) silica attached to the original layer siliceous rock, its original accumulation is related to biological action; (f)
siliceous rock is intermittently distributed on the section after compaction and consolidation, but it is mostly branched and

connected with each other on the layer, and it is shown as thediapirs on the lateral section; (g) siliceous rock coexisting with

standard wave marks, mainly occurring in wave troughs; (h) siliceous rock coexisting with interference wave marks
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Fig. 3 Field occurrence of siliceous rocks at Zhuanghuwa Village, Western Hills, Beijing
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(a) Siliceous rock located on the sedimentary discontinuity, with a large number of dolostone breccia mixed in it. The boundary between the breccia
and the siliceous rock is clear. (b) Siliceous rock in the same layer as (a), except for the mixed dolostone breccia, it can be seen from the section
that the fractures in the upper and lower layers of the siliceous rock are squeezed and filled by the siliceous rock , indicating that the siliceous rock
consolidated significantly later than the dolostone, so when subjected to vertical compression ( gravity compaction) or earthquake vibration, it
squeezed into the cracks of the upper and lower layers to form this squeezed structure. (c¢) The siliceous agglomerates mixed with dolostone gravel
and not fully consolidated are deposited together with a large number of dolostone gravels and sands. The boundary of the siliceous agglomerate is
obvious, but it has the characteristics of deformation formed by extrusion. (d) Dolostone breccia with a particle size larger than 5 cm is “ captured”
by siliceous clumps, and then participates in the sedimentary diagenetic process of the rock. The arrangement of adjacent siliceous clumps shows that
these siliceous clumps may be continuous with each other, (e), (f) The layered siliceous sediments are squeezed upward when they are squeezed to
form a diapir structure, but the diapir structure in (e) is umbrella—shaped and the diapir structure in (f) is dome—shaped. (g) When the siliceous
sediment is pushed upward by force, it breaks through the restraint of the overlying layer of dolostone. This indicates that the siliceous sediments had
a slow consolidation speed at that time and were soft siliceous micelles, while the dolomitic deposits had already consolidated and were compressed by

the siliceous micelles and had obvious brittle deformation. (h) The shapes of siliceous agglomerates change from the round (D to elliptical @), and

to the layered 3. They were originally from the same layer
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Fig. 4 The phenomenon of “intrusion” of siliceous rock by dolostone
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(a) The siliceous mass of relatively pure texture was punctured by dolomitic sediments to form 5 cm—high dolostone veinlets, which fully shows that

when the puncture occurred, both siliceous and dolomitic sediments were relatively soft and the feature is syndepositional; (b), (¢) and (d) are all

similar phenomena of siliceous sediments intruded by dolomitic sediments found at different positions in adjacent horizons
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Fig. 5 The siliceous dikes in dolostone
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(a) The rock profile with a total thickness of 70 cm is divided into 6 layers from bottom to top, 4 layers of dolomite ( Dol(D to Dol®) and 2 layers

of chert(Si(D and Si@). (b), (¢) When the paleo—earthquake occurred, the dolomitic sediments with fast consolidation speed in the lower part

were brittle and cracked, and the siliceous sediments with slow consolidation speed migrated to the upper part of the lower pressure under the action

of the earthquake, that is, the siliceous sediments in Si(D and Si @ are intruded upwards into the unconsolidated liquefied siliceous deposits

punctured into the unconsolidated dolomitic deposits (Dol @ and Dol@) to form siliceous dykes
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P 6 L5t v LU PR 55k LU AL RE BT 1 2 2 R B 9 S R AR
Fig. 6 Microscopic characteristics of siliceous dolostone and siliceous rock at
the Zhuanghuwa Village of the Western Hills of Beijing

(a) S5k L2 & A0 SEmE S FNIDRL Y 1 2 ST ORI 7 R R A I8 1 B A9 A6 it (Su Dechen et al. , 2014) , FETRMIFE AL (2162
73k ) LAK B A A 72 A (PR RO IR R 2 5 DLTE R I G T B TEIEL; (b)) H A A e (IEZEIRDE) 5 (o) BEBTA Py B
il (B ) 5 (d) oz a P R BRI R EE 22 (L1 AR R) (HAL)

(a) The seismic—triggered liquefication mound (Su Dechen et al. , 2014) is composed mainly by dolomitic sediments with some quartz debris and
oolites in the Wumishan Formation. The fissures are filled with later deposited dark siliceous ooze. (b) Quartz clasts in dolostone ( cross—polarized
light) ; (c¢) Algal oolites in siliceous rock ( single—polarized light) ; (d) Siliceous oolites and algal filaments ( red arrow) in dolostone ( single

polarized light)
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Fig. 7 Formation model of siliceous rtocks in the Mesoproterozoic Wumishan o FRJK g £ 28 55 [ 45 B ,HOF B R R
Formation: (a) (c¢) the formation process of the silica gel mat; (d) during B ATE AR AR 45— 2 T FBE (1 98 i 37 B
diagenesis, the silica gel mat was deformed by differential compaction or external L ’ e g 72 Y e i , o [ A

forces, and finally consolidated into chert nodules, chert strips or chert layers
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Fig. 8 Re-crystallized siliceous rocks after diagenesis (a) and hydrothermal siliceous dykes(b)
(a) Zak I DL B BB I 2 1 2 (B AR AEETEFRIX) 5 (b) s A R SR H A 2l A S i RE DTS 5 () = AR
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(a) The common light—colored and pure siliceous banded dolostone in the Wumishan Formation ( specimen is collected from Yanqing District,

Beijing). (b) Siliceous rock composed of pure quartz filled in dolostone fissures. (¢) Three different forms of siliceous rock symbiosis: (D siliceous

rock formed by re—cementation of fragmented siliceous particles; @ siliceous rock that still retains the original algal laminae; 3 the pure quartz

produced along the fracture. It is in a transitional relationship with the original siliceous strip, indicating that the siliceous in the fractures is probably

derived from the original siliceous banded dolostone
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An arguement on origin of chert bands in carbonate rocks

——A case study of the Mesoproterozoic Wumishan Formation in the Western Hills of Beijing

SU Dechen" , LU Hongbo >, ZHANG Yuxu *’, SUN Aiping ",
ZHU Xiaoqing ¥, HE Jing >, YUAN Xiaogi '
1) Institute of Geology, Chinese Academy of Geological Sciences, Beijing, 100037
2) School of Earth Science and Technology, China University of Petroleum, Qingdao, Shandong, 266580
3) Chinese Academy of Geological Sciences, Beijing, 100037 ;
4) Qingdao Institute of Marine Geology, China Geological Survey, Qingdao, Shandong, 266071
5) Research Institute of Exploration and Development of PetroChina Changging Otlfield Branch, Xi’ an, 710018

Abstract: The Mesoproterozoic Wumishan Formation in Beijing area is mainly composed of chert banded
dolostone, chert nodule dolostone, stromatolite dolostone and a small amount of terrigenous silty clastic dolostone.
It is widely exposed in the Beijing mountain area with a thickness of 2000 ~3500 meters. The provenance and cause
of the formation of a large number of Mesoproterozoic siliceous sediments represented by the Wumishan Formation
have been a controversial issue in the geoscience field for a long time. Most researchers believe that layered chert is
biogenic and nodular chert is the diagenetic replacement. After detailed field investigations in the Western Hills of
Beijing and other places, the authors have found that most of the siliceous bands or siliceous nodules ( generally
referred to as chert mat or siliceous gel mat in the following) occur on the sedimentary discontinuity surface,
especially on the ancient erosion surface. The underlying dolostone gravels are often cemented with the siliceous
material. The interior of chert mats is often mixed with impurities, especially organic matter, showing various dark
and mottled colors. Chert mats were formed at the same time with surrounding dolomitic debris before the
accumulation of the overlying dolomitic sediments. There is a relationship of mutual interpenetration and wrapping
between chert mats and dolomitic sediments, but the boundaries between them are clear. Neither dolostone debris
nor chert mat has obvious replacement trace. Therefore, the author believes that the “concretion” of chert is the
result of silica gel aggregation and solidification. Silica gel solidification is the only genetic mechanism of primary
chert in Wumishan Formation. Usually, the cementation rate of dolomitic mud and intraclast is obviously faster than
that of silica gel mat. When an earthquake occurs or the overlying sediment is too thick, the soft silica gel will
intrude upward or squeeze downward along the weakly consolidated dolostone fissure to form siliceous dykes. In the
event of later magma intrusion or transformation by thermal metamorphism, the composition and color of chert strips
and chert concretions will change accordingly. The texture becomes pure, and the color changes from dark to light,
but the original bedding or texture is still retained, which is easily mistaken for diagenetic or post —diagenetic
siliceous replacement of carbonate minerals.

Keywords: chert strip; chert nodule; dolostone; silica gel mat; semi—consolidation; replacement
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