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SUMMARY 

Upper Permian reefs are widely distri- 

buted in the Lichuan district, West Hubei. 

The reefs occur within theChangxing For- 

mation (zone with Palaeofusulina), Main 

frame-building organisms are sphinctozoan 

calcisponges, which together with various 

binding organisms (lamellar blue-green 

algae and Tubiphytee) form the organic 

framework of the reefs. In addition early 

diagenetic fibrous carbonate cements are 

important constructional elements. 

Four stages can be recognized in the 

growth of the Jiantianba reef: The sediment 

of the first stage represents deep-water 

basinal facies (Wujiaping Formation; thin- 

bedded cherty limestones, siliceous rocks 

and shales), followed upwards successively 

by slope, fore-reef, and reef core facies, 

which in turn were overlain by a back-reef 

facies. This sequence indicates a shallo- 

wing-up sedimentation pattern and a gradual 

progradation of the carbonate platform ba- 

sinwards. Slope facies and fore-reef fa- 

cies are characterized by thick-bedded and 

massive sponge-skeletal limestones with in- 

tercalations of limestone breccias composed 

of reef-derived material. The reef core fa- 

cies consists of non-bedded framestones 

with abundant sphinctozoan and inozoan cal- 

clsponges, hydrozoans, and encrusting and 

binding algae. Tubiphyte8 is found within 

quiet-water environments as well as in 

high-energy environments. The lagoonal de- 

posits consist of dolomitized limestones 

with echinoderms, limestones with abundant 

gymnocodiacean algae, and coarse-grained 

calcidolomites. 

Mixing of saline water with freshwater 

due to subaerial exposure of the reef re- 

sulted in dolomitization and dissolution. 

The reef dolomites are effective producti- 

ve reservoir rocks. 
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The composition of the frame-building 

fauna and also the depositional fabric of 

the reef framework can be compared with 

the Permian Capitan reef in North America 

and with Triassic reefs in the Alps, 

ZU S AMM E N F A S  S U N G 

Oberpermische Riffe sind im Lichuan 

Dis t r ik t ,  West Hubei, weit verbrei tet .  Die 

Riffe treten in der Changxing-Formation 

(Zone mit Palaeofusulina) auf. Hauptriff- 

bildner sind segmentierte Kalkschw~mme, 

die zusammen mit verschiedenen sediment- 

bindenden Organismen (lamellare Blau- 

GrUn-Algen, Tubiphytea) das organische 

GerUst der Riffe bilden. Hierzu treten 

als wichtige Bauelemente frUhdiagenetische 

fibr~se Karbonatzemente. 

In der Entwicklung des Jiantianba-Rif- 

fes k~nnen vier Stadien unterschieden wer- 

den: Das erste Stadium wird durch eine 

Tiefwasser-Beckenfazies repr~sentiert 

(Wujiaping-Formation; dUnngebankte Kalke 

mit Hornsteinen, Kieselgesteine und Schie- 

fer ) t  die weiteren Stadien durch Hang- 

Fazies, Vorriff-Fazies und Riffkern-Fazies. 

Die Riffkern-Fazies wird durch Gesteine 

der Lagunen-Fazies Uberlagert. Die ver t i -  

kale Faziesfolge deutet eine allm~hliche 

Verflachung der Sedimentationsbasis und 

eine Verlagerung der Riffzone gegen das 

Becken an. Die Hang-Fazies und die Vor- 

r i f f -Fazies sind durch dickgebankte und 

massive bioklastische Schwamm-Kalke mit 

Einschaltungen von Kalkbrekzien charakte- 

r i s i e r t .  Die Riffkern-Fazies besteht aus 

nichtgebankten Framestones mit sehr h~u- 

figen segmentierten und nichtsegmentier- 

ten Kalkschw~mmen und Hydrozoen sowie mit 

inkrustierenden Algen. Tubiphytea t r i t t  

sowohl in Ruhigwasser-Bereichen als auch 

in hochenergetischen Zonen auf. Die Lagu- 

nen-Fazies is t  durch dolomit isierte Kalke, 

Kalke mit massenhaft auftretenden Gymnoco- 

diaceen und durch grobk~rnige Dedolomite 

gekennzeichnet. 

Dolomitisierung und die in den Ri f fka l -  

ken zu beobachtende starke sekund~re L~sung 

wird auf einej mit einer subaerischen Ex- 

position des Riffes verbundene Diagenese 

zurUckgefUhrt. Die Riffkerngesteine sind 

produzierende Speichergesteine. 

Die Zusammensetzung der Riffbi ldnerfau- 

na und auch die AnlagerungsgefUge im Ri f f -  

gerUst k~nnen mit dem permischen Capitan- 

Ri f f  in Nordamerika und mit triadischen 

Riffen in den Alpen verglichen werden. 

INTRODUCTION 

Upper Permian reefs are widely distri- 

buted in the Lichuan district, West Hubei, 

where calcisponges and hydrozoans comprise 

the frame-building organisms of the typi- 

cal reef, Their stratigraphical horizon 

corresponds to the Upper Permian Cha~gxing 

formation, The outcrops of the reefs are 

well exposed in Jiantianba, Huangnitang 

and Jiannano Lichuan County (Fig, I), From 

the viewpoint of the complete exposure of 

the reef sequence, the abundance of frame- 

building organisms and the distinctness of 

reef textures and structures, the Upper 

Permian reefs in West Hubei can be regar- 

ded as the best developed Permian organic 

buildups in Southern China. 

In the early 1960s, some preliminary 

investigations were carried out. By the 

beginning of the seventies, detailed re- 

search of the reefs exposed in Jiantianba 

and Huangnitang had been done by many 

people, resulting in the recognition of 

some general features of these reefs. 

During the field trip from May to August 

1980, the authors had the opportunity to 

study the reefs and to collect a great 

number of fossils and rock samples. The 

investigation of the frame-building or- 

ganisms, together with microfacies analysis 



and the study of the geological situation 

support the conclusion that the Upper Per- 

mian reefs in West Hubei represent carbo- 

nate platform margin reefs, 

Fig. I. Distribution of Upper Permian 
reefs (I-4) in West Hubei, South Chinaj 
The Bamianshan paleofault separates areas 
with carbonate platforms and marginal 
reefs in East Sichuan and West Hubei from 
those with predominantly basinal sedimen- 
tation in Xuann and Nshi. 

Verbreitung der oberpermischen Riffe (I-4) 
in West-Hubei, SUd-China. Durch die Bami- 
anshan-St6rung werden Gebiete mit Karbo- 
natplattform-und Riffentwicklung (in Ost- 
Sichuan und in West-Hubei) von R~umen mit 
Uberwiegend Becken-Sedimentation (in Xuann 
und Nshi) getrennt. 

1 STRATIGRAPHY (Fig. 2) 

The Upper Permian of the Lichuan di- 

strict is divided into two formations| 

Wujiaping formation and Changxing forma- 

tion. The Wujiaping formation is mainly 

composed of thin-bedded cherty limestones, 

siliceous rocks and carbonaceous shaless 

containing Codonofusiella, Waagenoph~llum, 

Lophophyllidium~ Tylopeota a and others. 

The overlying Changxing formation , which 

is further subdivided into three members, 

consists mainly of dark-grey, thick-bed- 

ded bioclastic limestones with Palaeofuau- 

lina, Lophooarinophyllum~ and Ps~udo~iroli- 

tes. Equivalent to the Changxing forma- 

tion is the Dalong formation, generally 

regarded as a lateral facies variation of 

the former. The Dalong formation is com- 

posed of thin-bedded siliceous rooks and 

cherty limestones, yielding abundant am- 

monites such as Pseudotirolite8 and Pseu- 

dogastrioceras. 

Fig. 2. Stratigraphy of the Upper Per- 
mian dePOSits in the area of Jiantianba, 
Lichua/% district, West Hubei. 

Stratigraphie des Oberperms im Gebiet von 
Jiantianba. Lichuan-District, West-Hubei. 



2 MAIN ROCK TYPES OF THE REEFS 

According to the classification pro- 

posed by DUNHAM (1962) and EMBRY & KLOVAN 

(1971) five rock types can be distinguished 

for the reefs and related facies: 

I. Framestone, composed mainly of fra- 

me-building organisms such as calcispon- 

ges, hydrozoans and stromatoporoids, often 

associated with many bioclasts and much 

limemud as interstitial filling material. 

This type represents the reef core facies. 

Three subtypes may be distinguishedl spon- 

ge framestones (Plates I/6, 2/I-3), hy- 

drozoan framestones, and stromatoporoid 

framestones. 

2. Boundstone (Plate 2/4), formed by 

binding and encrusting of lamellar blue- 

green algae and partially also Tubiphyte8 

around other organisms such as calcispon- 

ges, bryozoans and various bioclasts. 

This type is often found in the initial 

stage of the reef development. Three 

subtypes can be distinguished: blue-green 

algal boundstones, blue-green algal bryo- 

zoan boundstones, and blue-green algal 

bioclast boundstones. 

3. Grainstone and Rudstone (Plate I/5), 

composed of angular breocias consisting of 

lithified spar-cemented reef material. 

These rocks are commonly found in the fo- 

re-reef facies. 

4. Packstone, composed mainly of skele- 

tal grains (e.g., green algae, gymnocodia- 

cean algae and foraminifers) and mlcritic 

matrix. These rock types are commonly lo- 

cated in the back-reef facies. Three sub- 

types may be distinguished~ micritic algal- 

foraminiferal limestones, micritic green- 

algal limestones, and micritic limestones 

with gymnocodiacean algae (Plate 2/6). 

5. Wackestone, represented by argilla- 

ceous micrites rich in organic matter, and 

yielding many foraminifers, sponge spicula 

and calcispheres as well as radiolarians, 

This rock type often occurs in the deep- 

water basinal facies. Three subtypes are 

included: argillaceous micrites with ra- 

diolarians (Plate I/I), spiculltic argilla- 

ceous micrites, and argillaceous mlcrites 

with calcispheres (Plate I/2). Associated 

with these rocks are carbonaceous shales, 

mudstones and thin-bedded siliceous rocks, 

3 FACIES AND DEVELOPMENT OF THE JIANTIANBA REEF (Fig. 3) 

Basin facies: Underlying the reef fa- 

cies is a typical deeper-water basinal fa- 

cies consisting of dark grey and black, 

thin- to medium-bedded micrites with spicu- 

la and calcispheres (Plate I/2) intercalated 

with cherty layers and spiculitlc siliceous 

rocks. In the lower part, some well-pre- 

served radiolarians were found (Plate I/I). 

On the top of the sequence a shallow-water 

benthic fauna (calcisponges, bryozoans, 

echinoderms) and calcareous algae occur, in- 

dicating a shallowing-u 2 of the basin and 

perhaps the development of a carbonate 

platform. 

overlying sediments represent the initial 

stage of reef growth. These sediments 

consist of light grey, brownish-grey, 

thick-bedded and massive sponge-skeletal 

limestones with the first frame-building 

organisms (sp~inctozoans (Plate 1/3) and 

binding organisms (blue-green algae and 

Tubiphytes (Plate I/4). Other organisms 

are foraminifers, brachiopods and gastro- 

pods, Within the sponge-skeletal lime- 

stones some thin-bedded and wedge-shaped 

fore-reef slump breccias can be seen in- 

terfingering with the reef limestone (Pla- 

te I/5). 

Fore-reef and slope facies and the ini- 

tial stage of reef growth: Upwards the 

Reef core facies: The sediments men- 

tioned above are overlain by the reef-core 



Fig. 3. Model of the reef development in the Upper Permian Changxing Formation, Lichuan 
District, West Hubei, South China. 

Modell der Riff-Entwicklung innerhalb der oberpermischen Changxing Formation, Lichuan- 
D i s t r i k t ,  SUdchina. 

facies, composed of grey to dark grey, 

non-bedded limestones. The four basic 

constituents of these limestones are: 

I, frame-building organisms; 2, reef de- 

bris and lime mud as interstitial filling 

material; 3, fibrous, early diagenetic 

carbonate cements; 4, sparry calcites. 

Organisms of the reef can be classified 

into three groups: frame-builders (well- 

preserved sphinctozoans, inozoans, hydro- 

zoans), binders (blue-green algae and 

Tubiphytes), and accessory organisms in- 

cluding echinoderms, brachiopods, gastro- 

pods, bryozoans and abundant foraminifers. 

Frame-building organisms are abundant and 

well-preserved, often in upright growth 

position. Binding organisms perform the 

function of securing individual elements 

of the reef into one reef mass, and through 

their encrusting habits provide strength to 

the frame-building elements. Here Tubi- 

phytes plays an important role in encru- 

sting and binding action in addition to 

laminar, blue-green algae. The prime func- 

tion of Tubiph~te8 lies in its capacity 

as a framebuilder in calm-water zones as 

well as entrusting organism in areas of 

strongly agitated water. 

In the reef core, the frame-building 

organisms or laminar blue-green algae 

are often surrounded by fibrous calcites 

(Plate I/6), which represent the early 

cementation during filling of the pore 

space within the reefs. These cements 

might have originally been aragonite 

that was later converted into low-Mg cal- 

cite. In a low burial stage, hypersaline 

water from the lagoonal area could have 

seeped into the permeable reef to promote 

dolomitization, thus forming the euhedral 

dolomite crystals outside the fibrous 

calcite layers. The remaining reef cavi- 

ties were later filled by sparry calcite. 

A large amount of the interstitial 

material is composed of micrite, probably 

formed by the break-down of skeletal ele- 

ments or by the bioactivity of blue-green 

algae. 

Main framebuilding calcisponges are: 

Amblysiphonellaj Girtycoelia (Plate 2/2), 

Waagenella, Colospongia, Sollasia, Folli- 

catena, Cystothalamia, Uvanella, Hartmani- 

na, Peronidella. Four new genera Liahu- 

anospongia, Polycystocoeliaj Sinoco~lia, 

Stromatocoelia) have been found and will 

be described elsewhere. Hydrozoans in- 

clyde Rhabdactinia (which may be a calci- 



sponge), Palaeoaplysina and Spongiomorpha. 

Mixing of saline water with freshwater 

due to the subaerial exposure of the reef 

resulted in dolomitization and strong lea- 

ching. The medium crystalline, white grey, 

massive dolomites contain remains of echino- 

derm fragments and other bioclasts. Inter- 

crystalline porosity combined with solution 

porosity is well developed (Plate 2/5); 

the dolomites are effective productive re- 

servoir rocks for oil and gas. 

Back-reef facies: The lagoonal deposits 

consist of an intercalation of dark grey, 

medium- to thick-bedded micritic and calci- 

siltitic echinodermal-algal limstones with 

light grey and grey, medium- to thick- 

bedded dolomites and calcidolomites. The 

lagoonal sediments overlie the reef core 

facies, indicating a progradation of the 

carbonate platform towards the open sea. 

The lowermost part of the lagoonal se- 

diments is represented by strongly dolo- 

mitized limstones with abundant echino- 

derms and some calcisponges and pelecy- 

pods. Fine-grained calcidolomites with 

echinoderms,forominifers and brachiopods 

are found in the lower part of the section. 

The middle part is composed of limestones 

with some chertsl the limestones contain 

abundant gymnocodiacean algae (Plate 2/6) 

and rare fusulinid foraminifera (Colaniella 

and Pa~aeofusulina). The upper part of the 

lagoonal section consists of inequigranular 

crystalline calcidolomites with rare fos- 

sils (some echinoderms and pelecypods). 

At the top of the section beds with are- 

nitic intraclasts occur, perhaps being 

Triassic in age. 

The reefs exposed in Huangnitang, Li- 

chuan county, are very similar to those 

of Jiantianba, differing only in the lar- 

ger quantity of lime mud and in the scar- 

ceness of fibrous calcite cements. 

4 DIAGENESIS (Fig, 4) 

Diagenetic modifications of the reef 

rocks include cementation, dolomitization 

and dissolution: 

Cementation: Three generations of ce- 

ments can be distinguished: fibrous cal- 

cite, euhedral dolomite rims, and void- 

filling blocky cement. Fibrous" calcite 

cements exhibit two subtypes. The earliest 

formed cements on the surface of frame- 

building organisms and bioclasts are uni- 

form fringes of short fibrous calcite, 

These cements are subsequently followed by 

fringes composed of long fibrous calcite. 

Primary intergranular and inter-framework 

porosity has been strongly reduced by 

these submarine fibrous cements. Euhedral 

dolomite crystals form rimmed bands on the 

top of the fibrous cement layers, indica- 

ting suabaerial exposure. Blocky sparry 

calcites represent the latest stage of 

cementation. 

Dolomitization: Subaerial exposure is 

also indicated by the dolomite found at 

the top of the reef section. The dolomite 

is characterized by rather large (300- 

500 um) euhedral crystals, In addition 

to these dolomites, some very clean euhe- 

dral dolomite crystals are scattered at 

random in the reef rocks. These dolomites 

reveal undulose extinction and curved cry- 

stal faces, indicating formation by re- 

placement. 

Dissolution: Irregularly distributed 

secondary porosity within the reef rocks 

is due to freshwater dissolution in the 

vadose zone during subaerial exposure. 



Fig, 4. Diagenetic events within the carbonate sediments of the Upper Permian Changxing 
Formation, Lichuan district, South China. 

Ablauf der diagenetischen Ver~nderungen in den Riff-Karbonaten der oberpermischen Chang- 
xing-Formationj Lichuan-Distrikt, SUdchina. 

5 DISTRIBUTION OF UPPER PERMIAN REEFS IN WEST HUBEI 

The sedimentation base in the Jiantianba 

area gradually became shallower during 

Changxing time following the deep-water 

basin sedimentation during Wujiaping time, 

and probably was transformed into shallow- 

water carbonate platform sedimentation. 

This sedimentation model can be postula- 

ted from the facies patterns developed in 

the Upper Permian of West Hubei and East 

Sichuan, and also from the correlation of 

reef outcrops with subsurface data. 

Two major depositional regions, caused 

by Bamianshan paleofaulting, were formedl 

Uplift was predominant on the northwestern 

side, forming a carbonate platform in 

East Sichuan and West Hubei. A discontinu- 

oUS barrier reef oriented in a NNE di- 

rection developed along the margin of the 

carbonate platform (Huangnitang and Jian- 

tianbareefs). The horizons with a reef- 

core facies tend to rise gradually east- 

wards with the shallowing of the sea, thus 

indicating a gradual progradation of the 

carbonate platform basinwards. On the 

south-eastern side, in Xuann and Nshi, 

a deep-water basin evolved. Here the se- 

diments are thinner~ they are mainly com- 

posed of black, thin-bedded siliceous 

rocks, micrites and shales, containing 

some ammonites, radiolarias and sponge 

spicula. 

6 TENTATIVE COMPARISON WITH PERMIAN REEFS IN NORTH AMERICA AND TRIASSIC REEFS IN THE 
NORTHERN ALPS 

Frame-building and binding organisms 

as well as the microfacies of Upper Per- 

mian reefs in West Hubei are very similar 

to the Permian Capitan reef in West Texas, 

North America. The frame-building organisms 

of these reefs are dominated by sphincto- 

zoan sponges (see NEWELL et al, 1953~ 

RIGBY 1971), which also occur with just a 

few genera in the Upper Permian reefs of 

West Hubei. The same holds true for 

Tubiphyte8 and laminar blue-green algae, 

which are important binding organisms in 

North American Permian reefs as well as 

Chinese reefs. The depositional fabrics 

in the Permian reef limestones seem to 

be similar in the Capitan reef-complex 



and in the Hubei reefs, 

The Upper Permian frame-building or- 

ganisms in West Hubei can be also com- 

pared with the biota of the Ladinian and 

Cordevolian Wetterstein reefs in the 

Northern Alps (OTT 1967; BRANDNER & RESCH 

1981) and reefs of the same age in the 

Southern Alps (FOIS & GAETANI 1981). Com- 

mon features are as follows| Sphinctozoans 

predominate and some are congeneric; Tu- 

biphy%e8 is abundant; the most important 

encrusting and binding organisms are blue- 

green algae. 
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Plate Microfacies of Upper Permian Reefs in West Hubei| Basin. Slope. 

Fore-reef and Reef 

Mikrofazies oberpermischer Riffe in West-Hubei: Becken~ HanBj 
V o r r i f f  und R i f f  

Fig, I. Deep-water basin (First Member of the Changxing Formation) z Argillaceous 

radiolarian micrite, rich in organic matter. Compacted, calcitized radio- 

larians, some with well-preserved microstructures, x 1OO. 

Fig. 2. Deep-water basin (same horizon as Fig, 1)z Argillaceous spiculitic micrite 

with calcispheres. Monoaxial spicula accumulated in a reducing, quiet deep- 

water environment, rich in organic matter, x 100. 

Fig. 3. Slope (same horizon as Fig. I)~ Blue-green algal-sponge bounds,one. Trans- 

verse section of AmblyBiphonella sp,, showing vesiculae, The calcisponge 

is overgrown by blue-green algae and by Tubiphyte8 (at the top of the 

Figure). x 4. 

Fig, 4. Slope (same horizon as Fig. 1)t Blue-green algal boundstone, consisting 

of black algal crusts and recrystallized bioclasts, x 25. 

Fig, 5. Fore-reef (Second Member of the Changxing Formation) z Sparry limestone 

breccia, composed of angular limestone clasts and of bioclasts (sponge, 

left side). Different types of sparry calcite cements, x 4. 

Fig. 6. Reef core (same horizon as Fig. 5): Calcisponge framestone. Sponges are 

overgrown by fibrous cement crusts. Inter-framework voids have been filled 

with large white calcite crystals, which partly destroy the fibrous fabric. 

x 4. 

All samples are fromJiantianba.Lichuan district, West Hubei, China 
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Plate Microfacies of Upper Permian Reefs in West Hubei: Reef and Back-reef 

Mikrofazies oberpermischer Riffe in West-Hubei: Rif f  und hagune 

Fig. I. Reef core (Second Member of the Changxing Formation): Calcisponge framestone. 

The sponge (right) is encrusted by blue-green algae which were subsequently 

filled with coarse-grained calcite, x 20. 

Fig. 2. Reef core (same horizon as Fig. I): Calcisponge frames:one. The interstitial 

material between the calcisponges consists of micrite and various small bio- 

clasts (algae, ostracods, etc.). At the lower right: Girt~coelia sp. x 4. 

Fig. 3~ Reef core (same horizon as Fig. I): Calcisponge framestone. Distinct secon- 

dary porosity (white voids) caused by late dissolution, x 25. 

Fig. 4. Reef core (same horizon as Fig.l): Tubiphytes-Calcisponge boundstone. Tubi- 

phytes, encrusting shells and other bioclasts. The fibrous structure at the 

top is similar to Radiomura b a microproblematicum from the Upper Triassic 

of the Alps. x 25. 

Fig. 5. Reef core: Medium-grained crystalline dolomite with well-developed inter- 

crystalline porosity and large dolomite crystals (size 3OO-500 ~im). x 40. 

Fig. 6. Back-reef (Third Member of the Changxing Formation): Micritic gymnocodiacean 

packs:one with abundant fragments of Gymnooodium sp. x 25. 

All samples are from Jiantianba.Lichuan district. West Hubei, China 
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