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This study is an attempt to describe the distribution and fabric of the Cambrian ooids from the Xuzhuang, Zhangxia and
Gushan formations at the Xiaweidian section. The oolitic banks occupy the uppepfptires 3 order depositional
sequences recognized for these formations. Petrographical techniques were applied to describe the sedimentary features of
ooid grains. Different characteristics of ooids including size distribution, composition, morpholdgheaimternal and
external cortical architecture were taken into consideration. Realf@entric, micritic, superficial, composite, pseudo
ooids, neomorphosed and geopetal ooids are properly studied under the microscope. Different fabrics of oatds have b
linked to their different depositional settings, and a variety ofesuliironments has been establish€de oolitic grain
banks are composed mainly of calcite, with noteworthy presence of aragonite and doldmaitevefold role of
microorganisms dimg and after the formation of ooids can be recognized under the microscope. The mechanism of ooids
fabric modification has been elaborated in detail. Firstly, the dark laminae in several ooids most probably show the remains
of filamentous cyanobacteriakiag part in the construction of ooidSecondly, they destroy the cortex through boring,
which is then subsequently filled by aragonite. In order to apprehend the sedimentological features of the Miaolingian strata
in the Xiaweidian section, this reseatulhlights the distribution of oolites and their resultant fabric in response to relative
sealevel variations. The Miaolingian ooids in the Xiaweidian section provide a good reference example of the depositional
pattern of oolitic grain banks.
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Introduction Ooids develop oolitic packstone and grainsfpne
Among the coated grains, ooids served as which are formed im high energy setting where these
significant paleoenvironmental proxy for appraisinggrains frequently move in order to develop their
the water depth, chemical compositiosalinity,  spherical shape specifically in tidal deftabeaches
temperature, and watenergy”>. They are found in and offshore bafs They can also form at inner
almost entire geological record since PrecamBrian carbonate ramp associated with calcareous
Oolites are mostly attributed to shallovater, tempestites, as well as irnhe washover fans
regularly agitated environments, where ooidaluggesting a high energy environment for their
laminae is chiefly controlled by the water chemistryformatior?. If moved to low energy zones, microbially
and energd®. Their growh needs repeated stages ofmediated calcite precipitation on relatively less
agitation subsequently followed by resting stdges mobile graind'® may lead to asymmetric ooidsor
This growth mechanism is widely regarded as aggregate graifis
product of the activity of microbes in numerous During the Camban time, ooidsdominated
studie$®>® carbonate platforms were present across the globe,
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like in North America, Europe, Australia, Middle East,and sampled for petrographic study. The oolitic beds
and Antarctich In a similar fashion, the Miaolingian were focused, and all the visible features were
carbonates in the north China are characterized lgcorded during the field. Then the best representative
widespread distriltion of oolitd>*} having different samplesvere collected and packed in polythene bags,
ooidal fabrics. Prior to the onset of Ordovician radiatiormarked with location and appropriate sample number,
event, there were massive carbonate deposition durimmd sent to the laboratory for further processing.
Cambrian Period in the north China, which resulted ilAbout 220 thin sections were prepared from whole
formation of several types of coated grains omtiNo rock fragments. The larger sample was cut down
China carbonate platfofm®**3 into about4 i 5 cm thick slabs by the rock cutting
The current research provides a comprehensiv@achine. The slabs were polished with 400 and
insight into ooids morphology and associateds00 mesh size grits for removing cutting marks. After
sedimentological features. The Cambrian carbonates drying and hardening, the samples were cut and
the North China Platform have been extensively studiegholished. Microscopic imaging was carried out for
however mosbf the published work is in Chiné$&€.  determining the enstituent grains, their morphology,
This study is an attempt to provide a new view of thend depositional and diagenetic textures using a
oolite beds in the Cambrian strata of the North Chin@olarizing microscope at the China University of
Platform. In order to apprehend the sedimentologicabeoscience (Beijing). All the geological description,
characteristics of the Cambrian strata in Xiaweidiariacies variations, features and characteristics were
section, this research highlights the distribution oftreated in digal form using Corel Draw X7 software.
oolites and their resultant fabric in response to relativévhile the text and figures of the manuscript were
sealevel fluctuations. The Miaolingian ooids in organized in Microsoft Office 2007.
Xiaweidian section provides a good reference for
studying the depositional pattern of ooliji@in banks in ~ Study area

the mature stage of the carbonate platform. The Xiaweidian section lies in northeastern part of
Beijing and comprises a part of the North China
Materials and Methods Platform (NCP; Fig. 1a, b), which extends 1000 km

The Xiaweidan section, situated at a distance ofnorthsouth and 1500 km eé#stest. The platform
20 km west of Beijing, was systematically measured¢overs Cambr®rdovician successions, mainly
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Fig. 18 Geological setting of the study arga) Distribution of the Cambrian outcrops and major tectonic boundaries in the Nortl
platform; and (b) Geological map of Beijing western hills. The star is showing the study area (Modified after etlab@§H 0)
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shallowmarire carbonates and siliciclastits 3™ order depositional sequencesi(10 m.y.), and is
Sedimentary deposition in the NCP started durindgpounded at the top and bottom by type one sequence
the early Cambriarand sustainedup till the early  boundaries (SB, (Figs. 2 & 3). The whole sequence
Ordovician, until the platform was sw#erially exhibits a retrogradational facies set deposited
exposed. The Miaolingian succession from bottom during Transgressive Systems Tract (TST) and a
to top in Xiaweidian section can be divided into fourprogradational facies set depositddring Highstand
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Fig. 30 Lithostratigraphy of the exposed Miaolingian strata along<ibeveidiansection Key for abbreviations is same as for Figure 2

Systems Tract (HST). The lithostratigraphic unitssabkha playa. The overlying two units comprise of
include: Maozhuang (not sampled, because of lackindolomite and contain intraclasts and microbial
ooids), Xuzhuang (depositional sequence 1:)DS laminites. The Xuzhuang Formation ($ontains a
Zhangxia (depositional sequen2: D3) and Gushan condensed section, which is a shelf facies marking the
(depositional sequence 3: P)Sormations. The main base of HST. The upward evoluti from red beds to
lithology of Maozhuang Formation is silty mudstonethick carbonate deposits shows the maturity of
(Fig. 2). It is purplish red in color and contains saltplatform in regards to carbonate sedimentation,
psuedomorphs. Its thickness is 60 m in thealepositing oolitic grain banks and microbialites. This
Xiaweidian section. This formatn was deposited in a is indicative of type 3 sequence boundary {SB
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drowning unconformity, formed asrasult of global micrite and massive oolitic grainstone (35 m thick;
sealevel rise. Meanwhile, the whole system isFig. 4d) of oolitic grain bankacies which constitutes
submerged further down the photic zone. This rapitHST.

sealevel rise reduced the subsidence at the shelf edge The uppermost part of Xuzhuang Formation is
and at the shorelin®". The oolitic grainstones in the represented by thinto thick-bedded massive oolitic
3 order sequences of Xuzhng, Zhangxia and grainstone with interbeds of mudstone. They indicate
Gushan formations mainly occupy the shallow ramgshallow ramp to grain shoal depositional
during HST, with or without microbialités The environmert®. The ooids are chacterized by
variablefabric ooids are distributed throughout thedifferent morphologies. Radibncentric ooids
Miaolingian strata in the study section, representingFig. 5a) contain pellets as nuclei, and are
high-energy oolitiegrain banksduring regression in representative of high energy settings. The elliptical

the Late Highstand System Tract (LHEF, ooids (Fig. 5a, b) have trilobite or brachiopod cores.
Their core is enveloped by micrite atié cortices are
Results composed of radial crystals of calcite/aragonite. The

micritic envelope is the result of calcification of

In Xiaweidian section, the paleogeography Ofbgcterial biqfilrﬁ. Superficial o_oids (Fig. 5b) have
middlelate Cambrian interval is represented by ramp!99€r nuclei than the other ooid types and one to two
type carbonate platfoh The oolitic section LN aragonite corticesomprised of sparite ceménit
represents a retrograding to prograding facies patteffdiatfibrous calcite film and micritic nucleus
from bottom to top. The lack of accommodation Spacgementec_i by _sp_arlte are assou_ated to the calcification
and cessation of carbonate factory led to rapid forcePl Pacterial biofiim, and are believed to have formed
regressioff. The relative setevel fall was promoted [N Moderate to lovenergy environments (Fig. Sb).
by regional tectonics and nortdaulting in rift ~COmMPosite ooid{Fig. 5c) are composed of several
system which <caused th 8°'d5IpCF'B,ePt?ch;[99ﬁW?rs by gpprite; Thejr §t\ﬁké”9 ds
north’. The standard sequence stratigraphic model Rattérn indicate that they are probably formed by the

bypassed as carbonates deposited during forcefEWOrking of oolites, which have already undergone
regression are analogous to the littoral facieSOMe lithification. Pseudooids (Fig. 5d) appear

sandstone progradation in muddy conttaéshelf? without traces bconcentric laminae, produced by the
A detailed account of the distribution and fabric ofdissolution of aragonite and are transformed into

ooids have been provided as under: dolomite crystals. They specify dolomitization
following a calcitization stage, which were later on

Depositional sequence 1 (B The Xuzhuang Formation agglomerated by calcified bacterial biofilffis The
DS, starts with a drowning unconformity (Tyle  yoiomite cryst@  were formed after calcite
sequence boundary: 9B at the bottom of the omentation occurred in tidal limestone. They lack

Xuzhuang Formation. It is represented by a suddeg,;jence of compaction before the development of
change in lithology from the underlying red beds andj,|omitic crystals. Neomorphosed ooids (Fig. 5e)

dolomites at the base of the Xuzhuang Formation tgy,., replacement by sparite, and have possibly

the oolitic carbonate deposits of shallow ramp facie§nyergone dissolution of cortis@nd cores that were
(Figs. 2 & 3) in the upper part. The base of TST iNgier on filed by sparite cement. The partially

sequence 1 is marked by clastic sediments containing,|omitized ooids (Fig. 5f) are shown in a matrix of
red beds (58 m thick). These sediments werg,qeqd calcite.

deposited in supratidal to intertidal settihg®n the

top of these red beds, shelfal facies comprisin@epositional sequence 2 ()5 The Zhangxia Formation

of calcareous shale are present, which marksCthe The Zhangxia Formation (160 m thick)
(Fig. 4a) occupying the middle part of the formationconformably overlies # Xuzhuang Formation. This

(2 m thickf"***? The strata above CS is comprised offormation mainly contains oolitic or skeletal
meterscale cycle(25 m thick) in a ramp setting grainstones and microbialifest was deposited in one
(Fig. 4b). A conformablecontact exists between the 3 order depositional sequence DBounded by Type
underlying Xuzhuang and the overlying Zhangxia3 sequence boundaries (of drowning unconformity
formations (Fig. 4c). The top part of thé ®rder type) at top and bottoth The DS starts from the
sequence contains thibedded mudntercalated lower shelf facies of calcareous mudstone to the upper

Depositional sequences and lithology
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Fig. 40 Field photographsf the MiaolingianXuzhuang Formatioat Xiaweidian section(a) Transformation from thick to thinedde:
oolitic limestone; (b) Metescale cycle in middle to shallow ramp setting in ¥wezhuang Formation; (c) Oolite in the Xuzhu

Formation overlain by the shelf facies of the Zhangxia Formation; and (d) Upper part of massiveg@itistone of the Xuzhua
Formation

oolitic grain bank facies and reflects a graduallycalcirudite (3 m thick; Fig. 6¢) and micritic limestone
shallowing upward sedimentary sequence (Figs. 2 & 3at its base ife. condensed section; Figs. 2 & 3).
The whole sequence is divisible into thrékatder Deep ramp facies includes thibledded calcareous
sequences boundég marine flooding surfacé&®* mudstone and intercalated tHiedded micritic
The first 4" order sequence contains calcareousimestone (15 m thick) while the middle ramp facies
mudstone (Fig. 6apf shelf facies with lenses of contains thickboedded greenish gray calcareous
edgewise calcirudite (4 m thick), forming CS (Fig. mudstone with edgewise calcirudites and téuded
6c). Above this bed, thickedded calcareous oolites (10 m thick). The overlying shav ramp
mudstone and thibedded micrite is present, which facies comprises of massive oolites with thin
constitute an M subtidal metesscale cycle (Fig. 6b; interbeds of micritic limestone (30 m thick).
15 m thick). This suassion marks the bottom of  The third 4" order sequence is marked by deep to
HST, occupied by MFS from bottom and .  middle ramp facies (20 m thick) at its base, forming a
Middle ramp facies in the form of calcareouscondensed section of this subsequé&h&@om botom
mudston&®** thin bedded micrite (10 m thick) and to top, the sequence comprises of tHiekided
thick-bedded oolite (15 m thick) constitutes the uppecalcareous mudstone, tHiedded micrites and thiek
portion (HST) of the first @order sequence. bedded to massive oolites with intercalated micrites
The second 2 order sequence begins with the(Figs. 2 & 3). The shallow ramp facies consists
calcareous mudstone containing lenses of edgewisé thin-bedded micrite and thick beds ofoolite
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Fig. 56 Images showing microscopic features of oolgiain bank in upper part of the Xuzhuang Format{@pRadiatconcentric ooid
(yellow arrow) with pellets nuclei surrounded by micrite (white arrow), superfigals with big nuclei (green arrow), and elliptical
ooids with trilobite or brachiopod cores (red arro{) Superficial ooids with big nuclei (yellow arrow) cemented by sparite reflecting
high-energy condition, radial ooids (green arrow) with micrite leiuand cortices composed of calcite spare which are formed in
moderate to lowi energy environments, elliptical ooids with trilobite or brachiopod c(mex$ arrow);(c) Composite ooids cemented
togethercrystals;(e) Different size of neomorphosed ooi@seen arrow) cemented by sprite without nuclei; @péartially dolomitized
ooids (red arrow) in a matrix of bladed calcite

(8 m thick). A bioherm that pinches out with thin microbes. The biofilm accretes together to form an
mudstones of the shelf facies occurs in the central pagmalgamation, where the microbes provide a
of the Zhangxia Formation (Fig. 6d). A subtidal microenvironment as the locus of CagfO
carbonate metegcale cycle represented by both theprecipitation, and provide a pathway for ooid
deepramp muddy banded marls (5.0 cm thick) and formatior??. In the second sequence, three ooid types
the massive oolitic grainstones (5 m thick) is alsovere recorded undéhe microscope, 1) pseudoids,
present (Fig. 6e). They are overlain by oolitic graiformed by dissolution of aragonitic grains that
bank facies (30 m thick) comprising of massivetransformed into tiny calcite grains, which were
oolites (Fig. 6f) interbedded with thin micrite. bonded together by bacterial biofilms at some later
The oolitic grain banks are observed in the top bedstage (Fig. 7b), 2) composite ooids, formed by
of the 4" order depositional sequences in theaggregation of multiple ods, and 3) geopetal ooids,
Zhangxia Formation (Fig. 6d). In the first'#rder containing mixed mineralogy and are probably
sequene, two distinct ooid type were examined undeproduced during meteoric diagenetic stag€hey
the microscope, completely neomorphosed ooidmight have formed from the solution of aragonite and
(Fig. 7a) and circular ooids with or without core (Fig.were subsequently replaced in associated focks
7b). The latter type displays a radial structure ofFig. 7c).
microbial accretion if seen under high magnification, The oolitic grain bankdeposited in the third "4
where no distinct separation occurs between the comder sequence as deep to middle ramp facies
and the cortex. The possible reason of such withoutomprises of various ooid types. Figure 7(d) is
core ooids is that their formation involves theshowing normal ooids formed of blocky calcite, and
calcified bacterial biofilms, having cyanobacteria ancembedded in a matrix of bladed calcite. The
sulfate reducing bacteria as their predominatindNeomorphosed ooids (Fig. 7e) might expece



