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Fig.1 Map showing depositional area subdivision and Carboniferous outcrop distribution in Henan Province”
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1 —provincial boundary; 2-depositional area boundaries(I-North China depositional area;l[-South China depositional area) ;3 —sub-depositional area
boundaries (1, ~Shanxi division I, ~Western Henan division;1;~North China plain division;Il, —Qinling division) ; 4—sedimentary boundaries (I} —Hebi

district ; I3 —Jiaozuo district; I} ~Xinmian district ; 3 —Songqi district ; I} ~North Qinling district ; I} —Southern Qinling district) ; 5—Car-boniferous outcrops
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1980)
2.1

17 29 : (1) Neu-
ropteris  gigantea; ( 2 )  Linopteris brongniartii;

(3) Linopteris neuropteroides; (4) Conchphgllum rich-
thofenii; (5) Rhodea sp. (¢f. R. Chinghaien ) ;
marchalii ) 5 (7) Lepi-

dodendron Posthumii; (8) L. szetanum;(9) L. incer-

(6) Sphenopteris sp. (ch. s.

tum; (10 ) Cathaysiodendron incertum; ( 11 ) Lepi-
dodendron cf. tachingshanense; (12) Pecopteris sp. ;
(13) Asterophyllites sp. ; (14) Lepidodendron Ocnlus-
felis; (15) Stigmaria ficoides; (16) Cardiocarpus sp. ;
(17) Ullmannia sp. , 10
. 7 12, 2

2, 9 9 > 2 :
(1) Fusulina sp. ;(2) F. bocki;(3) Fusulinella sp. ;
(4) Pseudostaffella sp. ; (5) Brudyina aff. nautilifor-
mis; (6) B. minima; (7) Climalatrmina Longissi-
moidea; (8 ) C. sp.; (9) Cribrostomlln sp.
(10) Phillipsiidae; ( 11 )
(12) Palaeo trstularia sp. ; (13) Glohiualvulina sp. ;

Cribrogenerina  sp. ;

(14 ) Paromphalus sp. ; (15) Euomphalus sp. ;
(16) Neocypricadinia aff. Sinensis; (17) Edmondia
sp. 5 (18) Cardiomorpha sp. 5 (19) Wilkingia sp. ;
(20) Parallelodon sp. ; (21) Solemya ( Janlia) sp. ;
(22) Sanguinolites sp. 5 (23) Auiculopecten sp.
11 o

(1) Fusulina . Fusulinella .
Pseudostaffella . Brudyina minima .Climalatrmina Longis-
simoidea Cribrogenerina ,
Neuropteris gigantea , Linopteris brongniariit

;(2) : ,

Neuro Pteris  Linopteris (
,1984);(3) : N N
Sphenopteris . Rhodea , Conchphgllum richthofenii | Pe-

copterts Asterophyllites . Lepidodendron Posthumii L. sze-
ianum | Lepidodendron Ocnlusfelis | L. incertum | Catha.

Yaiodendron incertum s

2

: Rhodea .

Sphenopteris . Pecopteris . Asterophyllites . Conchphgllum
richthofenii . Cardiocarpus \Ullmannia ,

Conchphgllum richthofeniti . Sphenopteris ., Pecopteris |

Cladophlepis lobannularia , Lepi-

dodendron Posthumii L. szetanum L. incertum Cathay-

todendron incertum o ,

, Neu-
ropteris gigantean Linopteris neuropteroides

Lepidodendron Posthumit . L. incer-

tum Cathayiodendron incertum o
( ,1990) .

b

b A}
o ’
o
2.2
b 9’ Y
b Y o

Triticites Schwagerina, Pseudoschwagerina Pmoelleri,
Ozawainella Quasifusulina Schuberteua Rugosofusulina
Schwagerina globosa , Scnubertella Rugoso fusulina
Schwagerina globosa , Pseudofusulina , Schwagerina vali-
da,S. wvulgaris “ Dictyolostus” taiyuunfuensis , Choris-
tires Schellwienella , Echinoconchus , Chonetes Latesinua-
ta, Marginifera cf. involata, Eomarginifera Pusilla
Schuchertella, Chovetinella ¢f. flamingi, Pcrnopacten
Pseudomonotis , Caninia Dorophyllum , Lophocarinophl-
lum Powpora cf. ,Porosa Cribrogenerina cf. , Propnaeri-

ca Tetrataxis Leptdodendron Posthumii,L. szeianum L.

oculus—felis , Cordaites Calloperidium Koreiense

N ’

’ : ( 1 )
, Pseudostaffella Pseudostaffella
5(2) ,
, Profusulinella Fusulina Fusulinella
5 ( 3 ) ’ ’ Mon-

Zellia — Pseudoschwagerina
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Profusulinella ; s , —

Pseudoschwagerina C, i , G, 1
Pseudofusulina ; ) , , C,t'
) ( ,1989; ,2002)
, o 3.1.3
(5) Pseudofusulina (1) ,
(4) Pseudoschwagerina ,
(3) Rugosofusulina—Quasifusulina ( ,1996; ,2005 ; ,2005;
(2) Fusulina—fusulinella ,2002)
(1) Pseudostaffella (2) ,
3 “G” ’ (
), 3~5 cm, , ,
1~3m, o
3.1 (3) ,
3.1.1 ZK50 . CK3650 . ZK91
) , 10~60 cm; 7ZK1613 4.24 m
C,b'— , . , () (4) - ( ,
, “ i o N N 1984 ) ,
, NN . . , 2~3
R ,  0.5~20 m, 10 m o , °
C,b°— s n A (5) , :
0 ) ( ,1989; ,1995)
: , UG7 3.2
, 0.5~26m, 3.2.1
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1956 N .1958
“G" (K)o,
Lepidodendron Oculus — felis | Stigmaria ficaides
Alethopteris o 1958
, . 1964
, 127
Fusulina | Fusulinella |
Pseudostaffell ,
Lepidodendron  Ovulus—felis , Lepi-
dodendron ,Ovulus—felis
, o 1973

: o 1979

Conchophyllum richthofenii . Sphenophyl-
lum | Allotopteris . Sphenopteris , Pecopteris . Alethopteris?
, o 1981 .
“or
Rhodea (¢f. R. Ching-
haiensis) . Sphenopteris( cf. S. marchalii) | Pecopteris \As-

terophgllites . Cardiocarpus Ullmannia (

,1984) , Rhodea

) o 1981

1/50

1983 ZK1613

Concho-
phyllum  richthofenii . Sphenopteris ., Pecopteris . Clado-
phlebis Lobannulavia ,
“ G”

Lepidodendron Posthumii L. szeianum L. incertum
Cathaysioderon incertum . Lepidodendron cf. tachings-
hanense L. ocnlus—felis (

,1984; ,1986) , o
, Conchophyllum richthofenui
B’ ’

, Conchophyllum rich-
thofenui ,

Conchophyllum richthofenui

2 2

130km, .
3.2.2

) 30% ~
5% ,1984) |
(Ibrahim ) Somers ., Lycospcra rotunda ( Bharadwaj)

: Lycospora pusilla

Somers , Crdssispora Kosankei ( Potonie and Kremp )
Bharadwaj  Densosporites anulatus ( Loose) Smith and
Butterworth | Gulisporites cochlearius Imgrund

25% ~55% , :
Dictyotriletes \Bireticulatus ( Ibrahim) Smith and Butter-
worth . Knoxosporites hageni Potonie and Kremp | Verruco-
sisporites microtuberosus ( Loose) Smith and Butterworth .
Verrucosisporites Kaipingensis Imgrund Reticulatisporites |
Pseudomuricatus Peppers . Microreticulatisporites mobilis
Knoxi | Iriquitrites spinosus Kosanke . Ahrensisporites gu-
erickei ( Horst ) Potonie and Kremp ., Granulatisporites
granulatus Ibranim Raistrickia spp. Reinschospora trian-
10% ~20% ,
: Laevigatosporites vulgaris ( Ibrahim) Alperm

gularis Kosanke

and Doubinger . Punctatosporites granifer ( Potonie and
Kremp ) Alperm and Doubinger . Striatosporites major
Bharadwabi

1% ~ 15% ,
Bharadwaj .Kosankeisporites spp. Pityosporites spp.

. Florinitesm tnutus

, :Spinospirites spinosus Alp-
ern . Leiotiletes adnatoides Potonie and Kremp Punctatis-
porites minutus (Ibrahim) Potonie and Kremp .Calamospo-
ra Liquida Kosanke ,Calamospora microrugosa ( Ibrahim)
Schopf Wilsoh and Bentall . Cyclogranisporites microgranus
Bharadwaj Verrucosisporites verrucosus (Ibrahim) Ibrahim .
Convolutispora spp. | Tripatites sp. | Laevigatospoites spp. ,
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Florinites spp. ( 1D, ( 12) ,
, o Gulisporites cochleaius imgrund
Torispoa secures (Balme) Alpern and Doubinger ,
N , ( West- ,
phalian) C s s , . .

s o Lycospora . . s
Dictyotriletes bireticuletus ( Ibahim ) Smith and o
Butteworth ( Westphalian ) , Densosporites anulatus ( Loose) Smith and Butter-

( Stephalian) o , worth ,
, Crassispora Kosankei( Potonie and Kremp) Bharad-
Dityotiletes bireticuletus ( Ibahim ) waj \ ,
Smith and Butteworth . . o
o , Reinschospora triangularis Kosanke — Ahrensis-
1

Table 1 Spores and pollen distribution in the Benxi Formation of central-south Henan Province

ZK1074 ZK5065 ZK704 ZK5456

26 37 45 46 1 5 6 7 8 2 8 2 7 1 2
Calamospora mivrorugosa( Ibrahim)S. W. et B. 15.011.5 7.5 4.0 2.0 - 2.0 1.0 5.0 2.5 1.5 1.0 0.5 1.0 4.5
Dictyotriletes bireticulatus( Ibahim) Smith et Butt. 3.0 2.5 - 1.0 - 1.5 1.0 - 3.5 - 1.0 2.5 1.5 - -
Knoxoeporites hageni potonie and Kremp 2.5 4.0 - - - - 1.0 1.5 1.5 3.0 1.5 - 2.0 1.0 1.5
Crassispora kosankei( P. et K. ) Bharadwaj 10.0 7.0 4.0 6.0 - - - 1.5 3.0 1.5 3.5 4.0 2.5 1.5 -
Triqvitrites spinosus Kosanke 3.5 2.5 - 7.0 3.0 - - 2.5 4.0 40 1.5 2.0 1.0 - 4.5
Lycospora pusilla( Ibrhim ) Somers 16.5 4.0 2.5 11.0 9.5 8.0 2.5 1.5 - 1.0 2.5 3.5 1.0 4.0 3.5
Verrucosisporites microtuberosus( Loose)S. et B. 2.0 1.5 1.0 4.5 2.5 1.0 3.0 1.5 2.5 3.0 2.0 2.5 - 1.0 0.5
Verrucosisporites kaipingensis Imgrund 4.5 - 3.0 2.0 14.5 7.0 6.5 4.0 3.5 4.5 10.5 3.5 - 4.5 5.5
Microreticulatisporites nobilis Knoxi 1.5 2.0 3.5 - - 4.0 0.5 3.0 10.0 1.5 0.5 7.5 16.0 2.5 4.5
Reticulatisporites pseudomurisatus peppers 0.5 1.0 10.0 7.5 - 7.0 5.5 - 4.0 - - 5.5 7.5 2.0 7.5
Densosperites anulatus( Loose) S. et K. 4.0 7.5 7.0 2.5 3.5 3.5 85 1.0 - 11.0 4.0 7.0 3.5 2.5 -
Ahrensisporites gueickei( Horst) P. et K. 2.5 - 7.5 8.0 2.5 5.0 7.0 85 - 3510.57.5 - - 9.0
Lycosporarotunda( Bharadwaj ) Somers 4.0 7.0 8.5 10.5 3.5 7.0 - - 10.57.0 - 2.5 1.5 7.0 2.5
Gvlisporites cochlearis Imgrund 3.5 2.0 8.0 7.5 2.5 3.0 4.5 7.5 1.0 7.0 4.0 5.5 7.5 4.0 2.5
Granulatisporites granulatus Ibrahim 0.5 - 13.513.011.0 7.0 8.0 - 15.0 9.5 11.5 1.5 6.5 7.5 8.5
Raistrlckia spp. 4.0 1.5 7.5 2.5 7.5 9.5 4.0 8.5 2.5 1.5 9.5 - - 10.0 7.5
Torispora secures( Balme) Alpern et Doubinger 4.0 2.5 1.0 1.5 7.0 2.5 3.0 7.0 - 4.5 3.0 - 7.0 2.5 7.0
Reinschospora triangularis Kosanke 1.5 - 1.5 0510 - - - - - - 1.5 - 0.5 -
Laevigatosporites vultaris( Ibrahim) A. et D. 5.5 12.011.512.0 2.5 1.5 7.5 5.5 7.0 3.5 4.0 12.013.0 14.5 11.0
Punctatosporites granifer potonie et Kremp 0.5 1.5 3.5 4.5 5.0 7.0 11.010.5 - 2.5 7.5 11.010.0 11.5 12.0
Florinites minutus Bharadwaj 2.0 3.5 4.0 5.510.02.5 7.0 - 3.5 4.0 7.5 11.015.0 10.0 7.5
Kosankeisporites spp. - - 3025551510 - - 20754550 7.5 -
Striatosporites major Bharddwaj 0.5 1.0 - - - - - - 1.5 - - - - - -
Chailedonits spp. - 2.0 1.0 0.5 - - - - - - - - - - -
Pltyosporites sp. 4.0 - 1.0 0.5 - - - 2.0 - - 1.0 0.5 1.5 - 2.0

54



porites guerickei ( Horst ) Potonie and Kremp

’ ’

’ N o

Striatosporites major Bharadwaj

’ ’

., :Hadrohercos steron . Felix and
Burbridge , Convolutispora ventusta Hoffmeister . Staplin
and Mally . Anapiculatisporites minor ( Butterworth and
Williams ) Smith and Butterworth . Cirratri radites satur-
nit( Wilsom and Coe) Schopf.Wilson and Bentall , Retic-
ulatisporites Polygonalis ( Ibrabim ) Smith and Buiter-

worth Reticulatispo rites reticulates lbrahmi , Raistrickia

saetosax ( Loose ) Smith and Butterworth Densospo
rites reticulates Cao
Thymospora ,
3.2.3
( 2).
(1) . 127
Fusulina — Fusulinella Pseudostaffella
N N 12m

o

, Pseudostaffella

(r.m. ,1984) ,
,  Pseudostaffella
Pseudostaffella s ,

(2)

Neuropteris gigantea Linopteris neuropteroides
b

o ’

Quasifusulina Ozawainella

(3) .
“ir

Conchophyllum richthofenii , Rhodea ( ¢f. R. ch-
inghaiensis) | Sphenopteris ( ¢f. R. marchalit ) | Pecopter-
is . Asterophyllites | Alloiopteris . Alethopterts . Sphenophyl-

lum, B
Schwage-
,1984,1985)

rina . Quasifusulina (

o b

Schwa-
gerina s N 5

(5) .

Pseudoschwagerina

Conchophyllum richthofenii |
Sphenpteris , Pecopteris , Cladophlcbis  Lobannularia
“ G’Y Lepi_
dodendron Posthum | L. Szetanum | L. incetum , Cathay-
siodendron incertum . Cathaysiodendron sp.

’

Rseudoschwagerinanamoelleri . Dictyoclostus

tatyuanfuensts o

, Pseudoschwagerina moellert

’ N

(6) . . 1.20 1 -49-XXI
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. 2005

2
Table 2 Stratigraphic correlation of the plant fossil-bearing the Benxi Formation in Henan Province
Neuropterts ovata
Lepidodendron Lepidodendron
Posthumii Posthumii
L. syeiauum
L. iucertum
Cathagsiodendron
Neuropterts ;
. i Conchophyllum mucertim
gigantean—
. . richthofenit
Linopteris Conchophyllurm
(Gy) brongniartil— Neuropteris richthofenit
Conchophyllum gigantean Rhodea sp(cf. R.
Vichthofeuti Linopteris cniughaiensis)
Neuropteroides Spheuopteris sp
FEleutheropgllum (¢f- 5. marchalii)
mirabile—
Lepidodendron -
Aolungpylukeuse
Linopterts spp.
()
Pseudoschwagerina Pseudofusulina [ ]
s Pseudofusulina R -1990.
[R].
b
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WANG Ling—quan, WANG Jun—qiang, MA Xiao—hui, XU Chang-zhao, ZHANG Kun, CUI Bei-lei, FU Zhi-guo
(NO.2 Geoexploration Party of Henan Bureau of Geoexploration and Mineral Development, Xuchang, Henan 461000)

Abstract; Henan Province is the second largest aluminum—producing province in China, where the bauxite occurs in the Carboniferous Benxi Forma-

tion. However, stratigraphic division of the Benxi Formation remains controversial for a long time. This paper presents a comprehensive analysis about li-

thological association, zoolite and plant fossil assemblage and sporo—pollen assemblage. . The conclusions are as follows. (1) The Benxi Formation in He-

bi of North Henan Province is a lithostratigraphic unit that spans across the Huashiban stage and Dalat stage. (2) The upper limit of the Benxi Formation

in Jiaozuo City is near the upper limit of the Dala stage. (3) The Benxi Formation in West Henan Province is a lithstratigraphic unit cutting across the Hua-

shiban stage, Dalat stage and Maping stage. (4) The biological group in the Benxi Formation of the North Songqi area is the product of the late Carboniferous

epoch. (5) The biological group in the Benxi Formation of the central Songgqi area is later than that in the north Songqi area. To sum up, the aluminiferous

Benxi Formation in Henan Province is an obviously diachronous and typical lithostratigraphic unit. According to the current subdivision method of Carbonifer-

ous epoch, it formed both in the early and middle stage of the late Carboniferous. It is a lithostratigraphic assembly with homophase but different periods.

Key words: bauxite, Benxi Formation, fossil association, sporo—pollen association, stratigraphic unit, metallogenetic epoch, Henan Province
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