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Abstract

Petrographical study of sedimentary rocks from the Middle Permian Gufeng Formation in the
Chaohﬁ area, Anhui Province, China, has been carried out. The Gufeng Formation is subdivided
into the Phosphate nodule-bearing mudstone Member (PNMM) and the Siliceous rock Member
(SRM). The basal part of the PNMM consists of mudstone including pellets of glauconite which
form in the aerobic shallow marine water. The upper part of the PNMM consists of phosphate
nodule-bearing mudstone. The presence of phosphate nodules suggests the deposition in the anoxic
slightly deep marine environment (e.g. outer shelf). The SRM consists of alternating beds of chert
and mudstone, including abundant radiolarians and organic matter. Chert of the upper part of
SRM includes silicified shell fragments which can be considered as shallow marine origin. The
results suggest that the deposits of the Gufeng Formation records one transgressive-regressive

cycle in the Maokouan time.
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TA—LOEBREL A LDILETHS. 517, HEROBREHEF v— POERREEZ 5 ET
DEETHLLEZILNS.

— 57—



A

B | =
\ 2=

*_ Pingdingshan YT T = ‘ o\
= section__ 7 % 7 - " Yangtze

% . *%'\‘b-

&

[ ] Cenozoic
[“ Y Jurassic
Triassic
Permian

E—1 Carboniferous
Devonian
=] Silurian

F£—] Ordovician
] Cambrian
/ fault B3 Sinian

Fig. 1. A) Location map of the Chaohu area in the Yangtze Platform. B) Geological map of the Chaohu area (after
Bureau of Geology and Mineral Resources of Anhui Province, 1987).
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I FECTEHSIIGulengBOHRIRE L AT 572012, KEDSET 2 REEILA DR (Nagai
et al, 1998), *7 74 v 7 Fv— O (Zhu et al, 1999), (LFHBE b & 12 L7 HERBRERIAT
(BRI, 2001) 2 & 247> TE 72, R@wTld, GufengBDOEM L A0 DREHEME T TORBE M
L, HRBEOENII OV THERT 5.
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W Ze B S B 3 O P FE P9 100km (ZAZE§ 2 RRA R T OWETH S (Fig. 1). AHUIRIZIZEAE
R#&H (Sinian) 25 ZBLHH £ TORED, —IRICHEBHBRIZDH 2 D ODOIZITEE L THERL T
5., TRNHOHBRERBkmTHEEL, Y2 7K0BRKRBIIAEETEDN TS, AROIV L
i, T4 5 Qixia /8 (Chihsia &) - Gufeng & - Yinping /& - Longtan J& - Dalong B IZX /3N T
V2% (Bureau of Geology and Mineral Resources of Anhui Province, 1987). Qixial@l3AIKeaH 5 %
D, BfaFr— &k Va—VIRFEL RRICHRA, $ERCHBI L L oLa £ ET S, Gufeng
Bt Qixia@EIBEIE:, EWXREPORDLE) VEBIE/ Va2 — ViREHE (Phosphate nodule-
bearing mudstone Member) &, F % — b - REBE» S 2 2 HEEEHE (Siliceous rock Member)
W S, BiEE, Jiang et al. (1994) @ Phosphorous nodule-bearing mudstone Member (Z#H
ML, %13 Silicalite Member (ZHH % 5. Gufeng BIZDOWTIXRE T L {#~X%. Gufeng &l
Yinpingl@ DK a7 & BOOREIESICEDN TV S, YinpinglEh 513, MEOFE R AR
FAHEHRLTWS (Jiang et al., 1994).
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Fig. 2. Columnar section of the Gufeng Formation in the Anmenkou section.
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iR cl, FIEIL, EMO, BB, BELULR ETRELIT- 722, ARG CTIIEMOXY ¥ a
VEPNIERED L. BMOY Y Vg YiZBT S Gufeng BOMIKK % Fig. 212, &FHEE % Fig. 3
2, ABOWER % Fig. 41277

BPMOtE7 ¥ a VIZESTHEOBLEICMEL Twb, SELERIERTLIHMIHY), Th
ZhOPYHBLICHEEEH L. HIRKHOGA XY Y a2 GBY7 ¥ a ViIHBnVWoOZET, GCk
273 aveCDErya VIFEBIBEVCOBETHS. GAt2 v a b GBEr ¥ a VidH—DBRIKE
REBZHEHTEBTE, ThoiddERELTWS (Fig.3A). —4/, GBXrYaryeGCt7vavr
ORI 1Im, GCtZ7¥aryeGDtr ¥a yORICIEHNOSMDOEERMAHS. GALy v a v
LGBt v a vyOBEIHENFHETH L0 L, ERMNOBRHIILLELIEATVS. GAtL
73 arOTEPEEY vBE ) Va— VIREHRBICH-D, GAts Y a v EEALGDEY Ve v
TIHHEEEsHETH 5.

1. BYCEIE/ D 21— VESHE
AEEGIIBEA R Am, EZE/RE L, EHTIY VBIE) V- VESHEATYAH. HEAH
&L OBFTETREKREAREYVEBRIN TS

1.1. E#

Qixia BOAIKE L Gufeng BOIRE & OHAERIE, 20cm T EOMMLzHEEERL TS (Fig.
3B). BTHOBEOcmBEORE MSO01) 3ZBEELZEL, RERmUTOaY Y- arz
GATVES, BTTRIBAEIE, ~NYFAf v aErbhbarr)—vay, BtLBEAHOILAER
b, AEHSEWZED BERAONRL Y bAELRBOLN5 (Fig 5A) 2%, BALIZ X 2EHI
L.

20 FAioRE (MS-02) 3Bt 2L, BRTHEENL . 7Ty EF A PRBEEZ EORA
{LEDEISILAE & LTEEEHRT 5137, TRICHER &L, FAEESEELTBY, FETTXY
VEEROR T E, U VBB 2@ LAALER Y E TR, MK AN TSRO 515 (Fig. 5B).

1.2. U BIR/ 22—

AREO LTI, ) UBE VA - WaRERICEHEThATYS., Y VERE ) Va—VidEIEL
ETRIKBEL>HRAR, UKECIERE,»BOaE22L, K& SIIRERcm TEHEEIZPATIC
WEE L 722 LT\ 5 (Fig. 30). ST T, Bfaoau 7 Y0 Y BRIEHEWN 5% HRE L7
ERL Y MBEAERE LR LTV EOPEE SN S (Fig 5C). FREPLRL v b OBREIZEN TREWE
v UIBRIRE 22 ) C BRIESE A S 2 b, —HIZZERTH 5. BERREMEHFETNICET A TS

2. HHEAEHE

HEAHBEEY vBiE Vo - VIREHRBEESICE S (Fig. 3D). BaF v - eBEORER
WLEBEREDHRB2S Y, BEEIHNBmTHS. FNCEKERE KA, HETEFRT T4 ¥
7F v — 2R,
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Fig. 3. Photographs of the outcrops in the Anmenkou section. A) An overall view of the GA and GB sections.
Dotted line indicates the tuffaceous mudstone bed located in the top of the GA section and the base of the
GB section. B) Disconformity between limestone of the Qixia Formation (LMS) and mudstone of the
Gufeng Formation (MS). C) Phosphate nodules (arrows) included in mudstone of the Phosphate nodule-
bearing mudstone Member. D) Boundary between the Phosphate nodule-bearing mudstone Member
(PNMM) and Siliceous Rock Member (SRM). E) Upper part of the GA section consists of chert-rich
alternating beds of chert and mudstone. F) Lower part of the GB section containing three intercalated
nectic chert beds. G) Middle part of the GD section consists of mudstone-rich alternating beds of chert
and mudstone. Note that the beds are overturned. H) Alternating beds of chert, mudstone and tuffaceous
mudstone (TM) around the sampling horizon of CH-46. Note that the beds are overturned.
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Fig. 4. Polished surfaces of black chert (A-D) and nectic chert (E and F) samples from the Anmenkou section.
Sampling horizons are shown in Fig. 2. All scale bars indicate 2cm. A) CH-01. B) CH-24. C) CH-27. D) CH-
39. E) NEC-01. F) NEC-03.
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2.1. B&Fv—+

K TOF ¥ — Mg (CHOD &, Zh &) EfioFvy— e RL), BE 2T TRBRBEIE S
Tw? (Figs. 4A and 5D). ¥, Eh, ERLLORBR T &4, TOEDII) VY BIESYOR
FHREThTVnA5.

GAtZ > aryBLUGBtZ Y aryTioFv— MIEfE BET, ARTHEEHEEIZOOAL
V. BEOBEIZ1~10cmT, —RICEBRRBOBAIT L L THmEOBEIEAH, S % 5 (Fig. 4B). B
BREBEROBERIE, Py —TICRAHELDIH, L UEEHR - RAERTREHTH L. BEMK
DE S IBEmmBEOHENL VA, REHI L > TIREBEH I VEL o720 (Fig 4C), FhIZEf@
BEECHELH 5.

GBtZ7 v arvdLil, GCtr s Gt varnFr—bii, KEGH»LEBGLEL, F
17 3IFHBRONZEABH»EZ v (Fig.4D). TEHOF v+ — P L DRETH L, BILAFHEA TV S,

FETFTIX, REIRMAEAECEOOERY 540, E2CETOMIEMSRONS. BEIZ
EHRED L) ZEEPRONDGENDH L. BBERLEMRESH & EOAEYRBIEINTHEA, 20
BRI o TR LS. BERCEME NI & FATICEN T 2580% <, ZNitLk-TT
EBROMBEEENRONS., £/, #Oo20RXBIZEI~vfZ2uxsy a4 rABRDOLNS.
Fy— ML RPFENEISZOONE. Zhoofkiz, BEMAE, BRI ZE3IVEF=—H
A¥ER, EPMAGHICE 2L FeRSICEAK - Al-P-Sik b2 8LHBEO - RERSEWIZL -
THREINTEY, ZRLFELIE. Fy— MNBORGHLBETOEV I, BEOROERDOAR
HEICL B EEZ 5N (Fig 5E). BAEMOSHMIE, ReLHANE > CRAFPICETLHE DS
(Fig. 5F).

F ¥ — MRS BOMER R MR E 2 EOEWBEATRD SN LA, FRCERIREE RS V. i
HALAOBHONHIE IV Fo—HARTHREIN TV RHEEIE L, MICREWRERY, WA
FIZE o THREINTWEEER, REVWHP LR ERELR>TVEHENHY, ThOFEEL TS
ZEHHDH. KEYVPREWRLAEBDE I NV F=—EHREN SEHHAE121E, Bird's-eye structure
D& B L HRREREBAR O NS Z L A%V (Fig 5G). $hic, RERLHEBEILA OREBIZER
DEBHPTER SN TV ELEEVRH D, 72, EHOF ¥ — MIZIBALLZZBILAR G TN 2D
5. FFIZCHB2 ICIEHIRTHATEZ A2 REZORILAERP b EETh T3 (Fig 5H).

2.2. RTVT1vTFv—b
GBt /o ar»os5BDAI T4 v 7 Fv— MRS NS. BRBIZBED 10cm ~ 24cm &, B
BFry— MBI LEW(Fig 3F). RIS EREEPEHLEICI VP EBE LKA HED, U

< Fig. 5. Thin section photomicrographs of mudstone and chert of the Gufeng Formation from the Anmenkou
section. Sampling horizons are shown in Fig. 2. All photomicrographs were taken under plane-polarized
light. A) Glauconite pellets (Gl) in mudstone from the basal part .of the PNMM (MS-01). B) Mudstone
including phosphate grain and phosphatized fossil fragment (P) (MS-02). C) Phosphorite spherules and
pellets in phosphate nodule (PN-01). D) The lowest chert bed of the SRM including some clastic grains,
suffered disturbance (CH-01). E) Irregular boundaries between black part (BK) and brown part (BR) in
black chert (CH-02). F) The distribution of brown part (BR) extending around the small vein (CH-10). G)
Radiolarians filled by organic matter/muddy material and chalcedonic quartz show bird’s-eye structure
that indicates stratigraphic top direction (CH-48). H) Silicified shell fragments in the uppermost chert bed
(CH-52). I) Rhombohedral cavities (white colored part in the picture) in the nectic chert (NEC-01).
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WICIZARTET T I+ 6N 5 (Fig 4E). FEEL2MCIERar o8Bz 2L, MM s
FLYVBEFOLEREETS. ABNECO3OARGEZ#E L L THo (Fig 4F). HKDIFH
EIEEICB W LT, NECOl DE (SHE) 3011~ 12g/cm® Th 5.

WT T, ZROEEPER)E->TWDEOHNb25S (Fig. 51). 4 DZERIIERELZLTEY, K
ESIF0ImmBEETH L. BEKAL LO—HOFNLBRNT, ZRICEITEYIEEL V. 27
FA Y7 F v — MIFEFRICHEHEZIRELTWED, ZROEHR ALERARICL > THE
ENTw5h, RERECEMAEAEN»S %S, NECOIOBEIICIIHBEILARERI»SE &F
nTBY, HIZBBEOIRPITITERAEL .

2.3. E&E - -HEHES

Fy— PEHEBZRZTRECHEREIBEEZEL, BICBRTHEN L. THETERE HE
REOEEG IV VS, EETIRBENEL 20, HMWIZREDOE &MY % (Figs. 3E and 3G).
FET T, BEH, #REt LoMbaDIEY, A%k, RAZEOHBRFFINICBESNS. K
R CHEMRES 2 CORBLIERABC I o TRESCRLR D, — OB TIERE R R WM T S OBLHIIC
L ARBROMFEES RSN, vfr7uxyfus4 FbBOLNE. UL, RESCHBHEKRON
HICEROERIPERIN T 2561 H 5.

2.4. BINERE

BIKERGEIABLOF LY V2R, EFICHL, FTHEICENS (Fig 3H). EfL2EA
TWADIZE T TOBBIIRETH LD, ETORE. RA, BKA, )4 FOKRTHHERS
nrz.

z =
Gufeng B DRIREOZE{L

Qixia g & Gufeng BOFBEEHE L OPREITHFZODO L v P2 HFATWS., —RIZHERA, £
 HHE S N7z aerobic 2 50~ 200 m BB E DRV IEE T, BEWAE BRI kv, 7R EED
FEFICEBEVEBET TE®K X b (Tucker, 1991; Prothero and Schwab, 1996). Z® Z &4 5, Gufeng
J& A HERE 2 BR D 7RIS, R IS IS EN o 72 2 L3 b 2 5.

Y VB Va - ViRERBO LTI, )V VBE Va2 - VB BETIA TS U VBES
Va— I VIdEICH s, HREEOE:, KEE 60~ 300 mDIMIEER (outer shelf) 7% LM SN 5
(Tucker, 1991: Prothero and Schwab, 1996). ZDER & %2501k, REKDBEH (upwelling) &,
FRICHEIR T T v 7 P Y ORBRETH L. GALZ v arOF v— MIb T YERIEOR F
HEINTVEY, ZORIFEFIIVLV. YT T 27 Y OKREFRAIC L B HRYOBR % 4G
i, FEEICETHZBREAFEOHRL, BRELTYVVEE/ Va—VidEREIN R %5 (Tucker,
1991). BELZDE I R AHZ X2 T, HEGHETIARYASZVICLEL LT, ) VB
I V2= BRSNS koot EROBNS. 72, GBEZ V= YTHY VERIE ) T a— VR
Do TWwhb, T0Y) VEEE ) Va— VA EERTIEEVwE TS L, HRESII300mATHR L DR IER
%&ﬁfof:&%iélk?ﬁf“%%.
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HEARBORTHMOF v — Mg (CHOD ICIZREHEREENBO LN, BRFLIETATK
5. UL, THUBRICHRL-BEF v — MUIREBEROTRI 2. 72, ChooBREFv—
MIRETTHREINLIMBH FIZIEILALEITNATEL T, KRBT 2 Loy EEIF
BLBEME L o TWw5.

Fx— FEBOERYOLS VBT LRAHE, LT RBEHEIE-oTWS, BailBRiBo
BRVPIDERATH Y, RICE> TREIBVILDS D2 EOBERROND Z Eh 5, A5k B
CBELI-ZEIRBEING,

GBtZ Y a ilkINBAT T4 v 7 F ¥ — Mlid, BREOZEIZHADOLNS. EROFED
L, TholdFuxf FORKEPERLTERSINEZZO6NE, Fox (4 MIIEOBABEIEWS
E, BMBCREFICD Fu< A MIUEFEDLNLZ LM, Fuvf MIBBRTE LTHE SO
TR, #EMRIC N~ MUMERIC X o TRERENRZZ L2%bh 5. Zhuetal (1999) i3, 2h
LDOXRTT 47 Fx— MIAKREHEBEYIFEHRBRL CTELEHEIL TV 5.

GCt7 v aryRGDts varirEDERDOF ¥ — FTlE, BABOBHAIIKEZHOEL 25, =
DI LiF, ERYOMHH LRI AR L TwELEZLNDL., TOERE LT, A)AEYE RS
TOWIAEYORA, 7213, B)BEILREL OCRPBLBREABIT L0 6BYBSHEIND LS
Ko /zZ L ZARBLTWA, GDREROF v — MIRBLLZBbAarEIhTEBY, 5l3HNT
WHL T2 Yinping B SARALADVET L L5, WREENEEBLL TV I b hb.

VDExFTLwb L, Guleng BOHRIREIX, RO D& T aerobic 2BBEN S, HWEBOFLE
FiZanoxic ZRFICRATL, BMICHPREBILL-Z 225, ZDEH1Z, GufengBlZ0 o0
BB A 7 V2L TnBEEZ NS,

E -
BMHETIE, BREKEOR FRHE, T KHERELEROE HAEKICKEBHEICL 7.
LB RFREFRBREZMIER 77 =7 AMEZOERICIIHEL SER L T2 0w, A
D—ENLEREFHEIF7EE  (Grant no. 09045033) #fHHL7-. L L TRH#OZT4*EL T 7.
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