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Abstract

Petrographical study of sedimentary rocks from the Middle Permian Gufeng Formation in the
Chaohu 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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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).

N E THEH S IICufengfd OHEREBREE # R % 72012, KRIED 5T 5 iR otk Nagai
et al, 1998), %27 74 v 7 Fx— bOiL#k (Zhu et al, 1999), {bLFHE % b &2 L 22 HERE BRBERMT
(5134, 2001) 72 L& 4T-> T & 72, A Tld, Gufengl@d Bl e B ORIGIAMES T TORM %W
AL, WREEOELIIOWTHRT 5.

o B OB
WFFE LI B 50D VU R P A 100km (AL S 5 ZRA R OWATH 2 (Fig. 1. ARHuIZ I3
R (Sinian) 7> 5 =B L TOWMEAY, —EIHEREBRIXSH 5 b 00121 TEkE L THER L Tw
5. INOOMBEIHEREBkmTHIIL, ¥ IKOBEEEICARETEDN TV S, AHIRO )L A
$l%, THIAH S Qixiaf (Chihsia &) - Gufeng J& - Yinping & - Longtan & - Dalong J& 2 X4 X T
W5 (Bureau of Geology and Mineral Resources of Anhui Province, 1987). Qixiaf@ 3K Ead5 %
D, BfaFr— %2/ Va—VIREZIE L XRICHRA, #h5ERPLHM 2 Eoba %2 %S 5. Gufeng
i Qixia B2 IEEHIZE Y, EICRETORLEY VR V2 — ViREHE (Phosphate nodule-
bearing mudstone Member) &, Fx— 1t - BREaHEN S R AHEEEHE (Siliceous rock Member)
WS is. miEid, Jiang et al. (1994) @ Phosphorous nodule-bearing mudstone Member (Z#H
ML, &% Silicalite Member IZHH24 3 5. Gufeng BIZOWTIIRETHL { kX%, Gufeng EiX
Yinping/@ DK 5 BEORGIESIZEDILTWA. Yinping/@s 51%, /MloEEEe A7 L
ADEHRLTW5S (Jiang et al, 1994) .
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Fig. 2. Columnar section of the Gufeng Formation in the Anmenkou section.
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B <k, SFIHIL, MO, B, BTN ETHEEZIT- 7205, KRS CIIEMIOY 7 ¥ 3
YERPDIIEEERED S, MY g YITBIT 5 Gufeng ORI % Fig. 212, #&IHE H % Fig. 3
(2, RELOWFER % Fig. 4 1R

FEMITE 7 ¥ 3 Y IZHETH SO I ISE L Twb, B L BRI ERT 25IchY), Th
ZFNOY Y@ LICEE D L. HIRKOGA X7 a3 v GBEYZ ¥ a VIFHBIRVWORZEET, GCt
7vareGDhtrva VITERDTVORETHS. GAYr T a & GBY s ¥ a VIidH—DEIKE
RABZAmMTCBITTE, ThbiddkLl w5 (Fig. 3A). —J, GBtrYar&GCtrvav
OBIZIEF 1 m, GCtZ ¥ aryeGDEs Y3 ryoICIZRHSmOBFXNDGHS. GAtr gy
LGBt 7 ¥ a v OBHIIILKWHEETH LD L, BHRWOBIHIIRLLEILSEA TS, GAL
2y arvOTEPE) VR V- VIREEBICH20, GAXZ Y a v EErS5GDRe s v a v FE
TIHHEAEHETH 5.

1. BUCEIE/ 1 —IViEEERE
RENE R EIE AR Am, RBEEZTAREL, LT VB Y2V ESHEATY S, HEEY
J& & OBIRANE TR B ERE DV EEHR TN TV 5.

1.1. A

Qixia B DK A & Gufeng B DEE & DML, 20cm FEDMNMM L 2HEHZEE L TWw5b (Fig.
3B). I TEHOBIEA0cmBEORE (MS01) FEEaZ 2L, RE~McmMToarys7)—var%
BATVD, FEFTIEREE, A3 FAf bathrbhdarrs)—vay, BLLMEARHOLAR
EEHIT, NEWHEYZNED ALy FAE RO LIS (Fig 5A) 25, BALIC X 2B H A
L.,

Z o Efiojgs (MS02) 3Zmtaz e L, BRTHEES L V. 72 EFH A PRBAE R EDRM
LADEGALA & LCEERERT 5135, FAUTHHRZ &8, PATERISELTBY, STy
YBIOR T L, ) VB E 2 GEL L 2ba R asE £, MR AR b F Hb (Fig. 5B).

1.2. UEBIBE/ T a21—L

RO LT, ) VB YV a— VS REPIIEEE IR TS, ) VERE Y Y a—VidEUEL
72 TR A SIK A, YIRECIXREBA2r 0B 2L, K& SITEE S em TR PEATIC
ik L2 % LT\ 5 (Fig. 3C). 8T T, Bfaoaa 7 = V0 VRS S % 25k T 72
ERLy FPEAERE LR LTV 008 SN S (Fig. 5C). ERERLRL v b OBRARMILE W TRt E
o UMM 72 ) IRIESE 25 72 0, —BI3ZERTH 5. MR Es T hIcETh v b,

2. HEEEEE

HEATREIEE) v ¥ 2 — ViRA A #4128 ) (Fig. 3D). B v — b L BaolRs %
WLEHERAOHE,» S ), FERH2mTH L. FRICEKERE ZPA, TR AZ T4 v
7 F v — b &P,
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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.




2.1. EB8Fv— b

RTFMOF ¥ — Mg (CHO01) 13, Ty EfioFv—ERRY, EHL2 20 IS S h
Tw? (Figs. 4A and 5D). i3, £, ERL EORBR T2 &4, ZOEMICY VBRI OR
FREEINTVS.

GAtZ7 ¥ avBXUOGBE”Z Y a Y FEoF v — MIEM - BT, WIRCHAKE RO L
V. HEOREIZ1~10emT, —#ICHBRISToBAE L TG o8 5 % % (Fig. 4B). 2
IR L B OBERIE, VXY —TIHZ A LH P, LR - AER TREHTH 5. BHE
DE X IEmmBE DAL WA, BRI L > TIRAHM I VEL ko720 (Fig. 40), FhilHf
BELVEELDH 5.

GBtZ vy arolLi#k, GCtr v arRGDtrvaroFy— Mg, KEEPSBEEHaZEL, F
17 IR NLHEE L (Fig. 4D). THOF v — P XD RETH L, BEILIEA TV S.

FF T, RERREMSEAERLREOARD NS, ENCETOMEEwSR OIS, KIS
RBLO & ) &SRO N D Y6 D 5. BHUR LW E % EOEYBEBIEEIN TV DS, 20
BN X o TR B, Hok R R g $Hd R B & FATICRS T 2 5608 {, ThUlX->TT
7RO ES R ONS, T2, BODPOREBICEIAI 70RA 70T 4 MR DOLNS.
F v — MM R RPENHAED SN D, TR OHORI, BEMSE, Wik E /2y v F=—H
RAYER, EPMASHIC L 5L FeRSICEAK Al P -Sik &z EahilBto U REREWICX -
THREMINTEY, ZRLEbLIL. Fry— MHEoRAILBtailoEeE, EEoREERDOA
M2k 2%z 55 (Fig 5E). Builosfid, ke HIZH-> TRERPICET LA H 5
(Fig. 5F).

F v — MIIBBOMB R G 72 EOLWEFETRD SN LD, FRICERIRBEHRAS . itk
HALADFERONTIZ I VL F=—EHETHIEIN TV REEDE L, MISREY LAY, Miha
PIZX 5 THREIN TV LLER, TEWA LR ERE L > TWBEEVEH), TROHPEHEL TV
CELHDH. KRHEWIREMRAERD E NV F=—EAEDI LKA Y4121, Bird's-eye structure
D &9 % ERRHERRESS R SN D 2 L A% W (Fig. 5G). A4S, FE L BECRILA ORI
DZEBIBLEN TV EEENH L. 72, EHOF vy — MIRBEALL-BILARDZEENAZ 0D
5. FFICCHB2 ICIZWMR TR TE 2 RESORMLAR %2 b & N5 (Fig. 5H).

2.2. RTT14vT7Fv—h
GBt 7 arhos@BOArT 4y 7Fv— MRS NT. HEIZREED 10cm ~ 24cm &, H
fiFr—ME XD BEW(Fig 3F). &KINSLRZEEAEH LI LX) BENS LKA E2HFEL, )

— 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).



Wi I IZRIRTPAT 7 I F2%580 b s (Fig 4E). #rfg 2 cidBBtarowtar 2L, WML s L
F Ly otaniii0 e 295, MBNEC03OARMERE Mg L LD (Fig. 4F). AKDOFR
EIER ISV Z LT, NECO1 OMHE (7S HHE) 138 1.1~ 12g/cm® Th 5.

FTTIE, ZHOZEPELRY) G- TWDE00bh5 (Fig 5D). filr DZEBIIEREZ LTHBY), K
EZF0ImmBETH 5. FHEKM % EO—BOBISZBRNT, ZRICIETEDIFEL V. 27
T4 v 7 F v — MTF TR E TR L TV 525, RO IMIR 224 Aa T8I X - TR
ENTVD. REIE TR E AL S % 5. NEC-030 BRI L AR AR »Z & F
NTHBY, FITEBOEFITITERAEL V.

3. BE - HEREE
Fry— b HEEZTRACHERAEIBOZEL, FICRIRTHEEES LW, THTRiRE -BY
REOEEGIV 0D, R TIIEENEL 20, MHdmciREOEEAHM T % (Figs. 3E and 3G).
BRI, HEOR, RS LoMIbA 03, AT, BAREORER TS EICBISESNS. )
R 8T 72 CO RN X o TR E (R L . — OB TIEBHUER R i E $F O BLHIIC
LB REIROMFEREES L ON, v f 70251054 MO LN, TS, RERLKEIEEON
WICETRO BB E N T ELHE50H 5.

4. BIRERE

BIKERATHB ALy Dt aRL, KL, FCMICENS (Fig 3H). JAILAHEA
TWABDIZHE T TOBRIINEETH 525, HToA¥E. BA, BKA, )3 A oKD HERE
niz-.

z £

Gufeng & DHERIRIZDEA(L

Qixia J&§ & Gufeng J& O IHE G E_EOJEE RO DXL v P2 FATWS, —#RIZHRAIE, X
< #it¥h S M7z aerobic 72 50 ~ 200 mF2 BE DL WIEE T, BgWELRE 2SI 12 v, F 2z IS HERE AU Y
FEHITIRVWEREE T K X5 (Tucker, 1991; Prothero and Schwab, 1996). Z®Z & 25, Gufeng
JEHHER & dh 0 72121, HERDR IR IR o 722 e b b

VYR YV a— Ve Eo BRI, UV RIE ‘/J_‘—)I/ﬁ)%ﬁ/é\i ncTws, ) v/
Va— VIR 7, MR O, JKIER 60 ~ 300 m OAMEIEEMT (outer shelf) 7 KR S LB
(Tucker, 1991; Prothero and Schwab, 1996). ZDOER & 4% D%, EEAKDFES (upwelling) &,

IR 7T 7 s v ORERAETHS. GALZ Y a yOF ¥ — MIH T YEBIEOR T

BEENTVDLY, ZORIIIFERICHRV. W7 T 27 by OREFRAI X 2 H Y O#E 244G
i, FEEICEITCRREZEORL, HRELTY VBE ) Ya—VidER s N% < %% (Tucker,
1991). 5L DX D) AN ZALDENT, BHEHAHE TIIARNPZ VI LSS, VU VRl
)T 2= EINIIL K ot EZZ N5, $/2, GBY 7 v a vy TH ) VERIE ) YV a— Vi
OhoTWnb., TOY YEEE ) Va— VT EHETIERWwE T4 &, WREGIZ300mAi# L D iEI1E%
Motz BEZBLILENTES.
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HEAEREOR MO F v — M (CHO0D) I REFBHEEIGRD S, BEEFbEEFATY
L. LarL, ZRPRRICHERE L2 BT v — MOIREREETEOFHLIZ 2w, 72, ThooBfF v —
MRS T CTHEINIMBERTRIELALETNTE ST, BB EH 2 L oLy s T
BRBWE L o> TWwh.

Fx — MEOAERYOL WEIEEREEHE, DS idetailE o T, R Baiio
BERPAEEHTH Y, RICE > TROIEPILD S 2 EOMENRONL Z L2 5, ATk REEf
WKCRBEIL-ZEARIRENS.

GBtZva i l¥INd A7 T4 v 7 Fx—M2E, ZROEENPLERD LN, ZROEE)
5, TMHIIFU~ A POMBPSERLCOEREShZLEZ O, Fav S MUEoHEESRW S
L, HEoRERICD Fo< 4 MREDEDSNDE L2, Fav /4 MIFER & LTt s hzo
TlE% L, MBI e~ A MUMERHICX > TR I N2 L2%Dh 5. Zhuet al. (1999) 1F, Th
LDORTT Ay 7F v — MIAKREHEFY S HHEE L TTEZEHML TV 5.

GCt”7 v aryRGDt”r va vy LioF v— T, BOMOGMIIKOEFOEL 25, 2
DT ElL, AEWOMMNZBLZRL WL EEZ LS., TOENE LT, A)ABRDEHESE
TWMEM OB, F7213, B)RICEEED S CRBILBRBEARBIT L2 0 A B shs X9
WX o722 &R LTS, GDi EEBOF v — MIIFEAL L2 HALADEENTED, 71 &N
HEAE LT\ % Yinping 2 SEBEALA D ET 5 2 &0 5, HREIRILL TwoZzZ E0bh 5.

Dk ewnt, Guleng oMM, &AW OEIE T aerobic 255D S, ML ORERILE
HiCanoxic ZREBEICBATL, BRENCHMEHIL L2 E2%b0 5. 2D X512, Gufeng@ldr&on
RS A 7 V23R L Cnb L EZ NS,

E
B ATIE, MEKFOR HFERER, - ZHAMESEROE BHIRICKREB MGG - 72,
B RFRERBRIEFZER T 7 b =7 AMBREOERRICIIHED SR L Tz 2niz, Az
D—FNSCEBA R A2 E  (Grant no. 09045033) ZfiH L7z, it L CE#HoE2EL T 7.
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