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Upper Turonian and Coniacian ammonite
stratigraphy of Westphalia, NW-Germany

ABSTRACT: The Upper Turonian and Coniacian ammonite stratigraphy of the Miinster Basin,
Westphalia, is described in the context of the regional litho-, event- and inoceramid stratigraphy.
The Upper Turonian is divided into a Subpricyclus neptuni Zone below and a Prionocyclus ger-
mari Zone above. In the Coniacian, successive zones of: (1) Forresteria petrocoriensis, (2)
Peroniceras (Peroniceras) tridorsatum, (3) Gauthiericeras margae, (4) Paratexanites ser-
ratomarginatus, and (5) the lower part of the Texanites texanus Zone of authors are recognized.
Integration of ammonite and inoceramid zones shows a discrepancy between current ammonite
zonation and inoceramid-based definitions of the base of the Coniacian stage and substages pro-
posed at the 1995 Brussels Meeting of the Subcommission on Cretaceous Stratigraphy. Rare
belemnite occurrences are placed in the context of the revised ammonite stratigraphy. The corre-
lation of the Westphalian Upper Turonian and Coniacian with that of other regions is discussed.

INTRODUCTION

New and stratigraphically refined collections of Upper Turonian and
Coniacian ammonites from still extant outcrops in the Teutoburger Wald,
Egge, and southern Westphalia, and revision of type material of SCHLUTER
(1867, 1871-1876), and other museum material, including that collected
from mine shafts and infilled pits in southwestern Westphalia (KAPLAN &
KENNEDY1994) provide the basis for a revision of the ammonite stratigra-
phy of the Upper Turonian to basal Santonian of this area in the context of
a refined event stratigraphy and its correlation with a well-defined inoce-
ramid zonation as well as rare belemnite occurrences.

GEOLOGICAL SETTING

In Westphalia Upper Turonian and Coniacian rocks are restricted to
the Miinster Basin (Text-fig. 1), which lies on the northern spur of the
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Rhenish massif. The basin is bounded to the west and northwest by the
Central Dutch Basin and to the north and northeast by the Lower
Saxonian Basin. The southern margin of the basin is defined by
Palaeozoic outcrops. Marine onlap onto the northern Rhenish Massif
began in the Albian and persisted into to the late Cretaceous. Relatively
nearshore Upper Turonian and Coniacian sediments are preserved only in
the southwest of the Ruhr district. The predominately pelagic sediments
of the southern margin of the basin suggest that the Turonian and
Coniacian coastlines extended from Duisburg to the east and were situat-
ed well to the south of present outcrops of the Westphalian Upper
Cretaceous (WOLANSKY 1938).

Uplift of the “Lower Saxonian Tectogen” and deepening of the
Miinster Basin, as a result of inversion tectonic movements, triggered sub-
marine slides, beginning in the Turonian and becoming widespread in the
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Fig. 1. The Turonian and Coniacian of the Miinster Basin, ‘Westphalia, northwestern
Germany, showing localities mentioned in text (after Hiss 1995)
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Coniacian at the northeast boundary of the basin (VoigT 1962, KAPLAN &
BEsST 1984, SKUPIN 1990). There are indications of unstable sedimentation
on the northwestern boundary of the Central Dutch Basin, also beginning
in the late Turonian (ERNST & Wo00D 1992) and probably continuing into
the Coniacian and Santonian (Hiss 1995). These sedimentological anom-
alies indicate the beginning of the straightening of the basin and its accel-
erated filling.

LOCALITIES STUDIED

Stratigraphically relevant localities in the Miinster Basin (Text-figs 1-2)
are listed below. For further localities, ammonite occurrences, repositories
of collections and additional literature see FRIEG & al. (1989), KAPLAN
(1986, 1988, 1991, 1992), and KAPLAN & KENNEDY (1994).

Ahaus-Wessum, abandoned quarry situated northwest of the village, TK
25 Blatt 3907 Ottenstein; exact position unknown, probably lower G. mar-
gae Zone, V. koeneni & involutus Zone, infilled since the turn of the cen-
tury (Hosius 1860, BARTLING 1913, BENTZ 1930).
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Fig. 4. Upper Turonian of Bad Laer, Kleiner Berg, abandoned Anneliese quarry, now con-
struction rubbish tip of Dieckmann AG, Osnabriick

Ahaus-Wiillen, Hollekamp chalk quarry (Text-fig. 3), TK 25 Blatt 3907
Ottenstein, R = 25 67 550, H = 57 71 200; Upper Cenomanian to
Turonian/Coniacian boundary (ERNST & WooD 1992, LoscHER 1910).

Anrichte-Berge, In der Michaelishecke quarry of the Schotterwerk
(macadam work) Westereiden (Text-fig. 9), TK 25 Blatt 4416 Effeln, R =
34 54 900, H = 57 15 800 (central value); Upper Turonian, P. germari
Zone, M. scupini Zone to basal P. tridorsatum Zone, C. deformis Zone
(KAPLAN & SKUPIN 1992, KAPLAN & KENNEDY 1994).

Bad Laer, Kleiner Berg, abandoned Anneliese quarry and currently
(1995) building rubbish dump of the Dieckmann KG, Osnabriick (Text-
fig. 4), TK 25 Blatt 3814 Bad Iburg, R = 34 39 900, H = 57 75 450 (cen-
tral value); Upper Turonian, S. neptuni Zone, Hyphantoceras Event to P.
germari Zone, Grey and white alternation (Grauweifle Wechselfolge)
(KAPLAN & BEST 1984; KAPLAN 1986; WRAY & al. 1995).

Birental, Horn-Bad Meinberg, forest track section on the southeastern
slope of the Schierenberg (Text-fig. 6), TK 25 Blatt 4119 Homn-Bad
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Meinberg Blatt, R = 34 92 950, H = 57 45 060; late Middle to Upper
Turonian, S. nepruni Zone below marl Mg (WRAY & al. 1995).
Bergkamen-Weddinghofen, Grimberg coal mine, shaft IV (Text-fig. 5),
TK 25 Blatt 4311 Liinen, R =26 11 712, H 57 20 786; Upper Turonian to
Lower Santonian (FALK & RIEDEL 1935, unpubl. report; TROGER 1974).
Dissen-Remsede, Arsehdehne, A 33 motorway cutting and excavations
for bridges in 1993-1996 (Text-fig. 14), TK 25 Blatt 3815 Dissen am
Teutoburger Wald, R =34 43 180, H =57 78 120; Upper Turonian, P. ger-
mari Zone, M. scupini Zone to Lower Coniacian, F. petrocoriensis Zone,
C. erectus Zone (KAPLAN & KENNEDY 1994).

Dortmund-Eving, abandoned clay pit of the Dortmunder Tonwerke, TK
24 Blatt 4410 Dortmund, R = 26 03 850, H = 57 13 000; G. margae Zone,
V. koeneni & involutus Zone (BARTLING 1913, FRANKE 1914).
Duisburg-Walsum, Walsum coal mine, Walsum I shaft = Wilhelm Roelen
shaft (Text-fig. 7), TK 25 Blatt 4406 Dinslaken, R =25 49 669, H =57 10
760; G. margae Zone, V. koeneni & involutus Zone to P. serratomargina-
tus Zone, M. subquadratus Zone (KAPLAN & KENNEDY 1994).

i .—E * E i ) %EL[RE:?QB}: Inoceramids Ammonites &
4@ s o @ |Marker Horizons (TROGER 1974) Belemnites
A& EQ 35 |&E FIEGE 1935
n s N 20 vents :
[ g g N unpublished) = "
=
o= Depth m 50 5 = i
o Texanites | Sphenoce: = Ea
B texanus pam%fiﬁfs E E I % LR
— 0 (par)  lcardissoides g ! res LE
S =5 LE5 8%
3 |%q 100 g 3E g8 g%
- dw |ES = = 22 doyd B4
. @ =25 B8 lgu E 8 585 2=
e S |g5(3 32 5 353 358 2 8
28 s SS|EE 5 ES £33 § B
8¢ | FE g2EE & Sg'SE8 38
25 @2 g,-gig 0 gg.ﬂgglgg
2 A x < &
S| 2F|F33 150 5 TR
— = = —
“ £~ S 58§ B 5%
= = =5 E 5 =R
= b @ = 52 = = 2 B £
@ = = == r = = = (=S
o8 2| E= = 35l ¢ $ ¢ 5§
= & @ T._w 200+ = £ =9 = P ]
T @ RS SE3 =% = = <} 5=
B2c 2 835 S 58 e 3 g & B&R
s S =8 559 = s & £ T £
o §3 | =282 S g3 53 = o
- S8 = | Emscherian Event g SESLEQ £ 2z
" 2 ;, ESRE= S ==
g B : 4 g S 85 ¥ 2 § = =
s | E§| 5§ 290 $EET 88t = £5
g 28 5%% §§§E-$ g2 S
] 35| 25 S 55 % g EE =
3¢ 5E| OSs S §SiEES =~
— 8 & & Cremnaceramus deformzs = § . b2 § §
2 & Zoophycos Event 1 = A
not subdivided 2 E
T L N T =
Upper i
__I'j’_“_”_i%"b_ | _T_tfl:'t}g!\ilfj?d? ‘ Soest Greensand

Middle not subdivided Bochum Greensand
Turonian

Fig. 5. Bergkamen-Weddinghofen, Grimberg coal mine, shaft IV, lithology according to
FaLk & FIEGE (1935), unpublished report in Geologisches Landesamt Nordrhein-Westfalen,
Krefeld, and TROGER (1974); fossil determinations after K.-A. TROGER



SISHAUIPDIQ SHJOZP] wmma e - e oo o e R A i
» I8 Sanldnsg mm—————— . - e -
[4}] - o= W - WNUDISSNIL SDA220NDYASE]
-
N RO S Oy A O e e i P S T T R AR S -
(o] LIIAN[YIS SDUDIOLIIONY = m = ——mmmmm == —— »
m UINOD " [JRSDLIIOLIIONY e - == === -
B wnduasyoq spiadouodisg -~ =mm- e o so s sosomo oo P
< NI SHIIIOUOLGNG = == === e -
1]FUDUESDIIIIEINIT me v - e oo e v e e
Auenb aylamyiey
m I31PEIS[YO] PAUOPUBGE ‘IPRISIYOY
o Kenb asneyuaqog pauopueqe IpISUOY
...AU. Fumna ssedAq waypou 1pgIs|goy ———————————— 1 Erpquaraiydg
@ (B2
0] 11 S12qUaIRS-[RIuaIS g
= [] HHAREEE B 1 HH HE
o HHHHHUTH HHH g L H L
2 T T Y
£ ¢ &8 8 8 g %
-3
@ %
- b3~
8 5 54
5 2 = Tz .
o el -
T g 8 g B3 B
5 & ST £ g3 -
&= B " =
x> CwEip B sg¢ & 8% 5
g W 55 = .W BEE = 85 M
= o3 GgEF = SEF S <
i Il 1 E &
sauoz {udnos ‘mummwmwwm snje|91s00 poseuie
plweisaoul|  sapiodp sepIojAy SNBIBI0U) snweJsaou]
SBU0Z ueuah Liebjjoom
! lumdau snjoAzououdaqn LieDjy
BUUOWWY | sryadoouond Ll / Hens sesaououbijon
sabelg uejuOIn)
ueluoin] Jadd :
-ans e 1ecan SIPPIN

Turonian of Kohlstadt — Bérental and ammonite occurrences,

Fig. 6. Middle and Upper

-Bad Meinberg — Bérental, Schierenberg, Kohlstidt, northern

arry, Kohlstidt, abandoned Bdger-Ever quarry, Kohlstidt, eastern

composite section of Horn
abandoned qu

and northern B 1 bypass

Inoceramids
(SEITZ, unpublished)

— SDAPEHBGNS *[D SHUDLIINPOIVRY

SIINJOAU SHIUDLZIIAOA
JUSUIOY SHIDLIINN|OA

ifjtunue SN 1220} 4

WAy SNEpA2I0U]

Hx..um\_; SHURA2IOU] =

7]
o)
=
c
=}
= — QUL SDIIHIIYINDD
m = wmnupisuod SD1aI0YSHU)
<<
>
o
°
£ 2
= o §
—l
2]
=
=]
B
e
2o
. E ]
£2 2
§uw 2
= wo
B - o
ssuoz |pEE| 43 H]
puesaooy| 35 3| 55 | SPNjoaU ¥ 1UsUa0y SNURISOINOA _E 2
b 6|=3 S8 2
= = @
o Eeil 7] -
ssuoz | 23¢|58Es ] 2
apuowuy | 5352 i sebipw sessoualines 28 %
EETIS 5 298 g
@ [=] =)
sabejs | UBIDBIUCD £ E
-ang Jaddn UBIOBILOD eIPPIN &

Fig. 7. Duisburg-Walsum, Walsum coal mine, Walsum I shaft = Wilhelm Roelen shaft



TURONIAN AND CONIACIAN OF WESTPHALIA 311

Duisburg-Walsum, coal mine Walsum, Walsum II shaft = Franz Lenze
shaft (Text-fig. 8), TK 25 Blatt 4406 Dinslaken, R = 25 49 765, H =57 10
790; G. margae Zone to P. serratomarginatus Zone, V. koeneni & involu-
tus Zone to M. subquadratus Zone without Volviceramus (KAPLAN &
KENNEDY 1994).

Erwitte, quarries of the Seibel & Sohne, Wittekind and Spenner cement-
works. These contiguous quarries are combined in our account; there are
no significant differences in litho- and biostratigraphy (Text-fig. 9), TK 25
Blatt 4316 Lippstadt, R = 34 55 500, H = 57 16 900 (central value of the
quarry realm); P. tridorsatum Zone, C. deformis Zone (KAPLAN & SKUPIN
1992, KAPLAN & KENNEDY 1994).

Essen-Bergeborbeck, Amalie coal mine, Barbara air shaft (Text-fig. 10).
TK 25 Blatt 4507 Miilheim, R =25 69 190, H =57 05 330; basal Coniacian
to G. margae Zone, V. koeneni & involutus Zone (RIEDEL 1933, KAPLAN
& KENNEDY 1994).

Essen-Bergeborbeck, Christian Levin coal mine, shaft 2, TK 25 Blatt
4507 Mihlheim, R = 25 65 550, H = 57 07 200; Upper Turonian to
Coniacian, G. margae Zone, V. koeneni & involutus Zone (RIEDEL 1933,
KAPLAN & KENNEDY 1994).
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Fig. 9. Upper Turonian and Coniacian of Berge-Anrochte, Schotterwerke Westereiden quar-
ry, also known as “Steinbruch in der Michaelishecke” and the Coniacian of Erwilte,
composite section of the quarries of the Wittekind and Seibel & Sohne cementworks

Essen-Frillendoft, abandoned clay pit of the Konigin Elisabeth coal mine
near shafts Hubert I and II, TK 25 Blatt 4508 Essen, R = 25 73 200, H
=200, H = 57 04 010, Lower Coniacian (KAPLAN & KENNEDY 1994)
Essen-Schonnebeck, abandoned clay pit of the Altstadt-Baugesellschaft,
Huestrasse. TK 25 Blatt 4508 Essen, R =25 73 900, H = 57 06 200, P. ser-
ratomarginatus Zone, M. subquadratus Zone with and “?without
Volviceramus (KAPLAN & KENNEDY 1994).

Essen-Schonnebeck, abandoned clay pit Boonekampstrasse TK 25 Blatt
Essen, R = 25 74 400, H = 57 06 650; G. margae Zone P. serratomar-
ginatus Zone, V. koeneni & involutus Zone M. subquadratus Zone with-
out Volviceramus (KAPLAN & KENNEDY 1994).

Essen-Stoppenberg, excavations for the coke works of the Emestine coal
mine at the Salkenberg in 1928, TK 25 Blatt 4508 Essen, R =25 72 750,
H = 57 04 700; Lower Emscherian according to RIEDEL (1933), probably
G. margae Zone, V. koeneni & involutus Zone (RIEDEL 1928).
Gelsenkirchen-Bismarck, Graf Bismarck coal mine, central air shaft 10
(Text-fig. 13), TK 25 Blatt 4408 Gelsenkirchen, R=2577232,H=5713
910; Turonian to Lower Santonian (ARNOLD 1957, ScuMip & SEITZ 1957).
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Fig. 10. Essen-Bergeborbeck, Amalie coal mine, Barbara air shaft, redrawn and annotated

after RIEDEL (1933)

= SISUBPIDMSSUNSILY SISUAPIPMSSUNSaLy saydnog
13JA0P SISUAPIONSSUISALY S21ydDIg

Bupip saydpas
12118 safiydnog

-—

wmsonya)f sutaonmyd{y =———=
WHUDISSHAA SDA20DYdAL]
WNIUOXDS $D1220YICHSOF
WNSOPOUIINIL SDI2I01LI0N

e —

s spaa20y281dviapy ST
URISHEUD SDA2I0LD0])Y e
o WHIDIRSHUDAS SD12I0LII0]Y - .
@ usySung sp200100)Y — e
= [XEIELIT) Etua..:.u&r\ — -
o« LUPULDS SHXK20U0LJ
o windnayoq spipIoN0dLIg S - at——
1= SHippun sajnIng
= synuLiou snjkouoLdgng i
< HAUUDLG SHIA0UOLIAGNT ==
SISUAY 241 SH)II0UOLGHS —
aumdan smpaaouordgng s
== .:t.at“\ SPAAIUIID] ]
10020 S211G00f0pRas e
auLiofimpuoyd spwo10quiy —F =
LU3||HIW DISO2f mme———————mans
I[IUDIL SDLINSINTT ——h
=
g ]
I H — A
£ B HH e
= - s o
= g &8 8 =
@ £
= = -
=] & EI
N S g 3 S 8
= . = g
b1 @ 2 g - i &) =
2o = g 2 o2 8 f ¢ 3
= = P=E 2 Z g |
(o] 2o 5850 fozs 8 & 3 £ =
Es R gt 5882 2 5.3z § =i
LT 3E 252k 2532 & = £ I Fa:
E B 35 = o
=y &3 g 37 daodE & =2 F = =535
| 1 11 ! " — ™ F
B
sauoz papiypgns 1ou snouuaoucooieisiE s
PlLIBIS800U] | shuiBiaooULEs) Iuidnos: sapioyy " sapiomAn mm
2
§auoz papinpans teuLieh junjdau
sjuowwy ou snjofoououd snjoAsououdgng
sefe uBIOBIUC
.n_:u.ww 18MOT 0 ueluoiny taddp

Fig.. 11. Upper Upper Turonian and Coniacian of Halle (Westphalia), F. Foerth quarry




T L e = SISUIUIPD]G SANOZ3]
A e R R = potp sajrydvog
A « 12)50p sisuappmsBuiysaty sapydvog
s A S o b m = U1 SIS
N Pt - - - VANHDISSRL SDG0ONDYAY] &
oo ——— e oo = WIONONDS SDARIOYIUISOg
sl SR R = WASOPOUNTIY SD43I01LI0N
w — s SpapoyGdolapy
...n_l.l..v B WHISHEUD SDLII0UI0JY
= R WBINSUDLS SPII0O0)Y
m e L e e = 50y ui))iq Spda00120))Y
£ .:Eww_._.@w._.._&m A - TUIU0D JJB SDLI0LIONY
<< LT nilypg saesouediag T - .
TV O B ot et b g B e T
_ u SypuLIGH Snjsdaouoridgng
a- - Lot supo<ouoLdgng
—_— sesuauyany snaoouoLdgng
___ Jumdou snpSoouopdgng
LpE|j0om spLOUS)j0) - - >
e WU SHIQOID[OPNIS]
—=——— auLefipmuyd sviadloquif
e LID)]NIY DISO2N]
TP RS A A S Lo spasnsamag
o
o O H 11 L_
[e) IE—) _: - [ .
Mo L 4
£ [HEHHHHHY
— e 3 g 2 2 8 8 8 %8 2 % 8 8 ¢ R 2 2 ¥ °
=
a "
[ g —
=] = = 25 R
S 4 £ Hl 5 EES: 55 §
E §8 & g 5 ot 858 FE3
. = . —_=
Tw H P ¥ k3 aEE g3 o5 3 5
T 3 = B g€ w W 88 —E3% =5 5 £
8% 3= 3§ 8 = SEFEEE pesg 2 S.=
EL L S E == S5S8 SEE EZ §8E
L] =5 & =) 8 &85 8=% E85 M |51 ==
Sy =2 X = = 32 =28 2225 & 25
11 1 1l 1 11 | I | | I
s8u0z SNOUIUBOLIOO0IEL]S snjg|e1s00 DoeWwe|
pieIsooU| sapiojifin SNWBIBO0U SNuIBIBo0U)
sauoz Jumdau  snjaAoououdgng HeBjjoom
ajiuowiy sesgajuoubijo)
mm%%% ueiuoiny Jaddn UBIUOIN . S|PPIA
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Ammonites

-— = -ds saflydnog
= snupxajopnasd saiiupxa |
= IDEIDUL SDAIIZIYINDE)
WHIDULDOLY SDAZIIM0ID] =
- SiSuapaduaut Io Sp.0220UsIPoSDAL

< SIULOfiPI00 STUDIZINPO])

Inoceramids
(SEITZ 1964; SCHMID
& SEITZ 1957)

= Sap10]oL0 snuptan)d

== SIPIOSSIPDI SHID.2IOUBYAS
= Yo0d SHUDI2I0UBYAS

- GYDPORDONS SHUDI2IIPDIORY
e JUIA]Y SHUDIIIOU]
—————— === SNH]OAUT "I XD SUDIIINAOA
WAUPOY "JI SHUDLIIAIOA » =  mam
SIUIOf2P SMUD42I0UDL]) =
SIULIOfP "JO STUDAAIOUWALT) =
SUDISUOIU] SHIUDLIIOUUDLY)

“ds sapiopidpy =
% T 1
WD. Lyt iy
S5 Ladun '
[=] nNU wn dizd =il "_.
S 2
o< s W
E
2 3% oI
2 g% B2
5 - £E2 23
fa 82 St 86
— =1
g% 28 £850¢8
5 g8 SSESE
2 ys] SwTd &
= &
sauoz | E58 sngipenbans | § o8 suioep g
piwesasou] | e m snwiesaoipebeyy | £ EEE | snwmweaouuei) |2
k] ! SE§E B
seuoz | & 8_ | smewbiewoigles m o8 wrjesIopu) m
spowwy | S5F | sopuexsipied | B § | Sweouosd |©
_m 8= : O E
sobels "0BILOD | UBIDRIUOY fE8
5
ans ueloeIuo) Jaddn 3PP om0

, Graf Bismarck 10 central air

d from ARNOLD (1957) (lithology) and SCHMID & SEITZ (1957)

mine

(inoceramids)

. Gelsenkirchen-Bismarck, Graf Bismarck coal

shaft, redrawn and annotate

Fig. 13



TURONIAN AND CONIACIAN OF WESTPHALIA 315

Halle (Westphalia), F. Foerth quarry (Text-figs 11-12, 19), TK 25 Blatt
3916 Halle/Westfalen, R = 34 55 200, H = 57 31 300 (central value);
Upper Cenomanian to Lower Coniacian, C. deformis Zone, overlain by
Coniacian olistostromes (KAPLAN 1986, 1988, 1989, 1991; WRAY & al.
LO95 )

Hamm-Bockum-Hoével, Radbod coal mine, shaft 2, TK 25 Blatt 4312
Hamm, R = 26 21 950, H = 57 29 590; Upper Turonian to Coniacian
(KAPLAN & KENNEDY 1994).

Hamm-Herringen, de Wendel coal mine, Humbert shaft, TK 25 Blatt
4312 Hamm, R =26 21 483, H = 57 26 327, complete Upper Turonian and
Coniacian (KAPLAN & KENNEDY 1994).

Hilter, abandoned Schulte Rosskotten quarry (renamed Wicking quarry)
(Text-fig. 14), TK 25 Blatt 3815 Dissen, R = 34 43 000, H = 57 78 900
(central value); Upper Turonian, S. neptuni Zone and P. germari Zone
(ELBERT 1902; KAPLAN & BEST 1984; KAPLAN 1986, 1989).

Kohlstidt, eastern and northern B1 bypass (Text-fig. 6), TK 25 Blatt 4119
Hom-Bad Meinberg, R =34 92 000, H = 57 44 050; Upper Turonian, mid-
dle S. neptuni Zone (WRAY & al. 1995).
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Kohlstidt, abandoned Bobenhausen quarry (Text-fig. 6), TK 25 Blatt
4119 Horn-Bad Meinberg, R =34 91 610, H = 57 43 890; Upper Turonian,
S. neptuni Zone above Hyphantoceras Event to Micraster Event (KAPLAN
1994, WRAY & al. 1995).

Kohlstidt, abandoned Kohlstidter Kalkwerke quarry (Text-fig. 6), TK 25
Blatt 4119 Horn-Bad Meinberg, R = 34 91 220, H = 37 43 580; Upper
Turonian, high S. neptuni Zone to P. germari Zone (KAPLAN 1994, WRAY
& al. 1995).

Kohlstidt, abandoned Giese quarry (Text-fig. 15), TK 25 Blatt 4119 Hom
Meinberg, R = 34 90 680, H = 57 43 460; upper Turonian, upper S. neptu-
ni Zone to P. germari Zone (WRAY & al. 1995).

Lengerich, southern railway cutting (Text-fig. 16), TK 25 Blatt 3813
Lengerich, R = 34 22 850, H = 57 84 200; upper Middle to Upper
Turonian, S. neptuni Zone (KAPLAN 1991).

Lengerich, abandoned Wicking I quarry (Text-fig. 16), TK 25 Blatt 3813
Lengerich, R = 34 23 100, H = 57 84 100; upper Middle to Upper
Turonian, S. neptuni Zone, Hyphantoceras Event (KAPLAN 1989, 1991;
WRAY & al. 1995).
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way cutting, abandoned Wicking II quarry and Dyckerhoff AG quarry
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Fig. 17. Middle and Upper Turonian of Oerlinghausen, O. Foerth quarry



318 ULRICH KAPLAN & WILLIAM J. KENNEDY

Lengerich, quarry of the Dyckerhoff AG (Text-fig. 16), central quarry
road, TK 25 Blatt 3813 Lengerich, R = 34 24 600, H = 57 83 400; upper
Middle Turonian to lower Upper Turonian, S. neptuni Zone (KAPLAN 1989,
1991).

Oberhausen-Alstaden, Alstaden coal mine, probably shaft 2, a SCHLUTER
locality. SCHLUTER (1867, 1871-76) gives no precise locality for his mate-
rial, but shaft 2 seems to be possible on the basis of the date of excavation.
TK 25 Blatt 4506 Duisburg, R = 25 57 400, H = 57 02 796; Coniacian,
exact horizons unknown (SCHLUTER 1872-76; KAPLAN & KENNEDY 1994).
Oerlinghauen, O. Foerth quarry (Text-fig. 17), TK 25 Blatt 4017
Brackwede, R = 34 76 700, H = 57 57 050 (central value); Lower to Upper
Turonian, S. neptuni Zone (KAPLAN 1989, 1992; WRAY & al. 1995).
Paderborn-Elsen, Rottberg, temporary outcrop, TK 25 Blatt 4218
Paderborn R = 34 78 100 H = 57 31 770; P. serratomarginaius Zone,
boundary with M. subquadratus Zone with and without Volviceramus
(SKUPIN 1982).

Paderborn-Tallewiesen, temporary outcrop, TK 25 Blatt 4218 Paderborn
R = 34 80 300, H = 57 31 910; P. serratomarginatus Zove, M. subquad-
ratus Zone (SKUPIN 1982).
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Salzkotten-Niederntudorf, Stelbrink quarry (Text-fig. 18), TK 25 Blatt
4318 Borchen, R = 34 78 600, H = 57 21 250; Upper Turonian, upper S.
neptuni Zone to P. germari Zone (KAPLAN 1994, WRAY & al. 1995) .

Schlangen, abandoned Hiithnerberg quarry, currently (1995) being refilled
as a building rubbish dump (Text-fig. 15), TK 25 Blatt 4119 Homn - Bad
Meinberg, R =34 90 420, H =57 41 120; F. petrocoriensis Zone, C. rotun-
datus and C. erectus Zone, C. inconstans Event (KAPLAN 1986, KAPLAN &
KENNEDY 1994),

STAGE AND SUBSTAGE DEFINITIONS

The stage and substage definitions used here are those provisionally
adopted at the Subcommission on Cretaceous Stratigraphy Symposium on
Cretaceous Stage Boundaries held in Brussels, September 1995.

The base of the Middle Turonian was defined at the first occurrence of
Collignoniceras woollgari in Bed 120 of the Greenhorn Limestone at Rock
Canyon, Pueblo, Colorado.

The base of the Upper Turonian was not formally agreed in Brussels,
but there was agreement that it should be an inoceramid datum, correspond-
ing to the base of the Inoceramus costellatus Zone of German workers.

The base of the Coniacian was defined as the entry point of
Cremnoceramus rotundatus (sensu TROGER non FIEGE) at Salzgitter-Salder,
Lower Saxony, Germany (see KAUFFMAN & al. 1996).

The base of the Middle Coniacian was defined as the entry point of
Volviceramus koeneni, at a locality to be agreed subsequently.

The base of the Upper Coniacian was defined as the entry point of
Magadiceramus subquadratus at a locality to be agreed subsequently.

The base of the Santonian was defined as the first occurrence of
Cladoceramus undulatoplicatus at a locality to be agreed subsequently.

LITHOSTRATIGRAPHY

The Upper Turonian and Coniacian sediments of the Miinster Basin
can be divided into two contiguous depositional areas. The larger one is
occupied by pelagic sediments, which extend over central, northern and
southeastern Westphalia. The Upper Turonian and Coniacian centre of the
Miinster Basin lay immediately northwest of Miinster (ARNOLD 1964).
Pelagic sediments pass laterally with an increase in glauconite content and
intercalation of sandy marlstones into nearshore sandy sediments with a
high content of glauconite in southwest Westphalia. Thickness generally
decreases from northeast to southwest in all lithological units.
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The Turonian of the northern and northwestern Miinster Basin is
developed in a condensed chalk facies. Coniacian deposits were influ-
enced by synsedimentary events and are incompletely developed, in a
chalk and limestone facies. There are no outcrops at present. The only
Coniacian ammonite from this area is a limestone mould of
Tongoboryceras hancocki KENNEDY, 1984, from Ahaus-Wessum (see
KENNEDY 1984a).

The Upper Turonian and Coniacian of the southeastern and central
Miinster Basin is divided into the following lithological units (from top
downward) with the rank of formations (FRIEG & al. 1989):

5. Emscherian-Marl Group (Emscher-Mergel),

4. Limestone-Marl Transition Beds (Kalkig-mergelige Ubergangsschichten),
3. Upper Pléiner-Limestone Unit (Obere Plinerkalkstein-Einheir),

2. Grey and White Alternation (Grauweifie Wechselfolge),

1. Lower Pliner-Limestone Unit (Untere Pléinerkalkstein-Einheit).

Nearshore Upper Turonian deposits of southwestern Westphalia are
strongly condensed, and represented by the glauconitic Soest Greensand.
This grades imperceptibly into the glauconitic Emscherian Marl and the
highly glauconitic Emscherian Greensand at the top of the Coniacian in
southwestern Westphalia.

EVENT STRATIGRAPHY AND MARKER HORIZONS

The event-stratigraphic scheme developed by ERNST & al. (1983) for
the Plinerkalk-Group (Cenomanian to Coniacian) and emended for Lower
Saxony Turonian/Coniacian boundary sections by WooD & al. (1984) can
be recognized (with some faunal differences) in the pelagic Turonian of
the Teutoburger Wald and Egge in the eastern part of the study area
(KAPLAN 1986, 1991, 1992; KAPLAN & KENNEDY 1994). Geochemical evi-
dence for the occurrence of four Turonian tuff layers was presented by
WRAY & al. (1995). In the Lower Coniacian Peroniceras tridorsatum
Zone, Cremnoceramus deformis Zone (the Upper Limestone Unit =
schloenbachi Schichten) between Paderborn and Erwitte additional mark-
er horizons occur (Text-figs 2 and 9).

It has not yet proved possible to establish an elaborate scheme based
on stratigraphic events and marker horizons for the Coniacian and Lower
Santonian part of the Emscherian Marl, although there are indications of
several inoceramid floods. Single traceable major events are: the
Emscherian Greensand in the uppermost Coniacian of southwestern
Westphalia, and an abundance of Texanites in the uppermost Coniacian. It
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is probable that, as in underlying units, inoceramid abundances are poten-
tial marker horizons.

White Boundary Bed and Marl M Teuto

In the area of the Teutoburger Wald and southwestern Westphalia,
the lower Inoceramus lamarcki Zone White Boundary Bed yields
Inoceramus apicalis, I. cuvieri, rare I. lamarcki, and Collignoniceras
woollgari. The genus Sciponoceras occurs occasionally. The immediately
overlying Marl M Teuto correlates with the Lower Saxonian marl T 0.
Localities are: Lengerich, Dyckerhoff AG quarry (Text-fig. 16), Halle, F.
Foerth quarry (Text-fig. 12) and Oerlinghausen, O. Foerth quarry (Text-
fig. 17).

Inoceramus lamarcki events

There up to four abundance levels of Inoceramus lamarcki and allied
species between Marl M Teuto and the Middle/Upper Turonian boundary.
Ammonites occur rarely and are generally badly preserved, but include
Lewesiceras mantelli, Collignoniceras woollgari, Sciponoceras
bohemicum and Scaphites geinitzi. Localities are: Lengerich, Dyckerhoff
AG quarry (Text-fig. 3), Halle, F. Foerth quarry (Text-fig. 12),
Oerlinghausen, O. Foerth quarry (Text-fig. 17), and Berental, Schierenberg
forest tracks (Text-fig. 6).

Tuff TC

Only exposed at Oerlinghausen, approximately 20m below the lime-
stone nodule layer, and at Lengerich, approximately 8m below the lime-
stone nodule layer.

Limestone nodule layer with basal ammonite abundance

Between the third and fourth I. lamarcki abundance levels an approx-
imately 3m thick horizon with limestone nodules occurs in the expanded
sections of Lengerich and Oerlinghausen. It is more or less condensed at
Halle and only poorly exposed at Bérental-Schierenberg. Ammonites are:
Lewesiceras mantelli, Sciponoceras bohemicum, Scaphites geinitzi,
Yezoites bladenensis, Hyphantoceras reussianum and Allocrioceras
schlueteri. Tt thus already yields elements of the ammonite fauna that
becomes abundant in the Upper Turonian. Localities: Lengerich, railway
cutting, Wicking II quarry, Dyckerhoff AG quarry (Text-fig. 16), Halle, F.
Foerth quarry (Text-fig. 12), Oerlinghausen, O. Foerth quarry (Text-fig.
17), Horn-Bad Meinberg, Schierenberg (Text-fig. 6).
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Flint-layer F 23

This layer (ERNST & al. 1983) is sometimes represented by thinly
laminated limestones. Geographically widespread flints are generally rare
in the Westphalian Turonian with the exception of flint-layer F 23, where
as many as four layers of grey flints up to 10cm thick occur in laminated
limestones. The laminated limestones occur at localities such as the F.
Foerth quarry at Halle (Text-fig. 12) and Schierenberg, Birental, Horn-
Bad Meinberg (Text-fig. 6), where the flints are missing. Flint F 23 occurs
at Lengerich, in the eastern part of the Dyckerhoff AG quarry (Text-fig.
16), Hilter, A 33 motorway cutting, and F. Foerth quarry, Oerlinghausen
(Text-fig. 17). The Upper Turonian inoceramid index species [noceramus
costellatus first occurs in flint F 23 and marks the Middle/Upper Turonian
boundary.

Inoceramus costellatus/Sternotaxis plana Event

Approximately 5m above Flint layer F23, there are significant faunal
changes in inoceramids and ammonites. In Westphalia this is characterized
by Inoceramus costellatus, I. apicalis, 1. cuvieri, Infulaster exentricus and
by a rich and diverse ammonite fauna especially in the northwestern
Teutoburger Wald: Lewesiceras mantelli, Subprionocyclus neptuni,
Sciponoceras bohemicum, Scaphites geinitzi, Yezoites bladenensis,
Allocrioceras schlueteri, A. billinghursti, A. aff. conlini, Eubostrychoceras
saxonicum, Hyphantoceras reussianum. Localities are: Lengerich,
Dyckerhoff AG quarry and abandoned Wicking II quarry (Text-fig. 16),
Halle, F. Foerth quarry (Text-fig. 12); Oerlinghausen, O. Foerth quarry
(Text-fig. 17), Barental, Schierenberg (Text-fig. 6).

Event pair Tuff T D1 and unnamed marl

Localities are; Tuff T D1 only, Lengerich (Text-fig. 16), Halle, F.
Foerth quarry (Text-fig. 12), Oerlinghausen, O. Foerth quarry (Text-fig.
17), Birental, Schierenberg forest tracks (Text-fig. 6).

Allocrioceras/Orbirhynchia layer

This is marked by distinctive occurrences of the index species.
Ammonites are: Lewesiceras mantelli, Subprionocyclus neptuni, S.
hitchinensis, Sciponoceras bohemicum, Allocrioceras schlueteri, A. aff.
conlini, A. strangulatum, Neocrioceras cf. multinodosum, Scaphites
geinitzi, S. diana, Yezoites bladenensis and Eubostrychoceras SAXONICUM.
Localities are: ?Lengerich, Dyckerhoff AG quarry, abandoned quarry
Wicking IT (Text-fig. 16), Halle, L. Foerth quarry (Text-fig. 12),
Qerlinghausen, O. Foerth quarry (Text-fig. 17).
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Tuff TE

This lithostratigraphic marker lies 3m approximately below Marl ME,
but becomes indistinct in the basinal facies of Lengerich. Localities are:
Halle, F. Foerth quarry (Text-fig. 12), Oerlinghausen, O. Foerth quarry
(Text-fig. 17), Kohlstadt, B 1 northern bypass (Text-fig. 6).

Marl M E

This prominent marl is the most significant lithological marker hori-
zon in the Turonian of northwest Germany. Localities are: Lengerich
(Text-fig. 16), Halle, F. Foerth quarry (Text-fig. 12), Oerlinghausen, O.
Foerth quarry (Text-fig. 17), Kohlstadt, B 1 bypass (Text-fig. 6).

Marl M Echen

This is a thin marl ca. 1m above M E. Localities are: Halle, F. Foerth
quarry (Text-fig. 12), Oerlinghausen, O. Foerth quarry (Textx-fig. 17).
Kohlstidt, Finkenberg quarry and northern B 1 bypass (Text-fig. 6).

Hyphantoceras Event

The maximum expression of this event lies ca. 13 - 25m above
Marl M E, and is the level at which the index species is most abundant.
It corresponds to the Scaphiten Schichten sensu stricto of previous
German authors. There is a succession of ammonite faunas (Text-fig.
19) with:

i) a lower allocrioceratid and collignoniceratid fauna with Lewesiceras mantelli,
Subprionocyclus neptuni, S. hitchinensis, S. branneri, Sciponoceras bohemicum,
Allocrioceras schlueteri, A. strangulatum, A. billinghursti, A. angustum, Scaphites geinitzi,
S. kieslingswaldensis doylei, S. diana, Yezoites bladenensis, Eubostrychoceras saxonicum,
and Hyphantoceras reussianum;

il) a middle nostoceratid fauna, with Lewesiceras mantelli, Sciponoceras bohemicum,
Scaphites geinitzi, Eubostrychoceras saxonicum, Hyphantoceras reussianum, and
Metaptychoceras smithi;,

iii) an upper desmoceratid fauna, with Puzosia muelleri, Jimboiceras planulatiforme,
Pseudojacobites farmeryi, Lewesiceras mantelli, Sciponoceras bohemicum, Scaphites
geinitzi, Eubostrychoceras saxonicum, and Hyphantoceras reussianum.

Localities are: Lengerich, southern railway cutting and Dyckerhoff
AG quarry (Text-fig. 16), Dissen, abandoned Schulte-Rosskotten quarry
(Text-fig. 14), Bad Laer, Kleiner Berg, abandoned Anneliese quarry (Text-
fig. 4), Halle, F. Foerth quarry (Text-fig. 12), Oerlinghausen, O. Foerth
quarry (Text-fig. 17), Kohlstadt, (Text-fig. 6). The Ahaus-Wiillen occur-
rence (Text-fig. 3) yields only a restricted ammonite fauna (ERNST &
WoobD 1992).
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Fig. 19. Ammonite faunas around the Hyphantoceras Event, Subprionocyclus neptuni
Zone, Upper Turonian, Foerth quarry, Halle (Westphalia)

Mytiloides incertus layer

This is characterized by the index species, together with rare
ammonites of the desmoceratid fauna of the upper Hyphantoceras Event:
Lewesiceras mantelli, Puzosia muelleri, Jimboiceras planulatiforme,
Pseudojacobites farmeryi, Scaphites geinitzi. Localities are: Dissen,
abandoned Schulte Rosskotten quarry (Text-fig. 14), Bad Laer, Kleiner
Berg, abandoned Anneliese quarry (Text-fig. 4), Halle, F. Foerth quarry
(Text-fig. 12), Oerlinghausen, O. Foerth quarry (Text-fig. 17).

Tuff TF and Marl TG

These are two close-spaced lithostratigraphic marker horizons.
Ammonite occurrences immediately above Marl TG are Subprionocyclus
normalis, Puzosia muelleri, Lewesiceras mantelli, Baculites undulatus,
Scaphites geinitzi, S. kieslingswaldensis doylei and Hyphantoceras sp. cf.
flexuosum. Localities are: Dissen, abandoned Schulte Rosskotten quarry
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(Text-fig. 14), Bad Laer, Kleiner Berg, abandoned Annelies quarry (Text-
fig. 4), Halle, F. Foerth quarry (Text-fig. 12), Kohlstadt, B 1 bypass and
Giese quarry (Text-figs 6 and 15).

Micraster Event

This is an important faunal and lithostratigraphic event cq. 0.3m
above Marl TG, at the base of the Mytiloides scupini Zone. In Westphalia
the index echinoid Micraster seems to be rarer than oysters at least in the
middle and northwestern part of the Teutoburger Wald. Only a single
Subprionocyclus normalis has been found at this horizon up to now in
Westphalia; it is from Halle. Localities are: Dissen, abandoned Schulte-
Rosskotten quarry (Text-fig. 14), Kleiner Berg, abandoned Anneliese
quarry (Text-fig. 4), Halle, F. Foerth quarry (Text-figs 12 and 19),
Kohlstadt, B1 bypass cutting (Text-fig. 15).

Soest Greensand building stone

This consists of two glauconitic, calcarenitic transgressive lime-
stone horizons that occur on the southern margin of the Miinster Basin,
with a typical desmoceratid ammonite fauna as at the top of the
Hyphantoceras Event, with Puzosia muelleri, Mesopuzosia mobergi,
Lewesiceras mantelli, and Placenticeras memoriaschloenbachi. The
equivalent of the lower horizon in the Pldner limestone facies is a promi-
nent, Micraster-rich limestone bed, which is the first occurrence level of
Prionocyclus germari and marks the base of its zone (KAPLAN 1994).
Localities are: Salzkotten-Oberntudorf, Stelbrink quarry (Text-fig. 18),
Anrochte-Berge, Schotterwerke Westereiden (Text-fig. 9), Bergkamen-
Weddinghofen, shaft Grimberg IV (Text-fig. 5), Gelsenkirchen, shaft
Graf Bismarck X (Text-fig. 13), and Essen, shaft Barbara (Text-fig. 10).
Equivalents of the lower Soest Greensand bed occur in quarries around
Borchen, Kohlstadt, Kohlstadter Kalkwerke quarry (Text-fig. 6), Halle,
Foerth quarry (Text-fig. 11), Bad Laer, abandoned Anneliese quarry
(Text-fig. 4).

Rothenfelde Greensand

Glauconitic limestone mass flow and turbidites ca. 7-9m above the
Micraster Event. Occurrences are limited to the middle part of the
Teutoburger Wald area (KAPLAN & BEST 1984). These are probably con-
temporaneous with the upper bed of the Soest Greensand building stone
(KarLAN 1994). Localities are: Bad Laer, Kleiner Berg, abandoned
Anneliese quarry (Text-fig. 4), Hilter, abandoned Schulte Rosskotten quar-
ry (Text-fig. 14), Halle, F. Foerth quarry (Text-fig. 11).
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Lower Submarine Slide at the base of the grey and white alternation

This has the same distribution as the Rothenfelde Greensand. The
marls and limestones yield Puzosia muelleri, Lewesiceras mantelli,
Prionocyclus germari, Hyphantoceras flexuosum, Scaphites aft. diana, and
Scaphites kieslingswaldensis doylei. Localities are: Bad Laer, abandoned
Anneliese quarry (Text-fig. 4) and Halle, F. Foerth quarry (Text-fig. 11).

Puzosia muelleri abundance

This horizon corresponds to the uppermost Turonian, ?Didymotis
Event I of KAPLAN & KENNEDY (1994). This is known from a single
Westphalian outcrop, near Dissen-Remsede, in the A 33 motorway exca-
vation (Text-fig. 14), ca. 8m below the top of the Grey and White
Alternation. The characteristic Puzosia muelleri is accompanied by
Mpytiloides scupini and other mytiliform inoceramids. Lithostratigraphic
position in the Grey and White Alternation and the inoceramid fauna indi-
cate a correlation with the Didymotis Event I of ERNST & al. (1983). As
Didymotis has not been found to date, it is preferred to use Puzosia muel-
leri as provisional marker species.

Didymotis Event 11

This is present at a single Westphalian locality, the A 33 motorway
cutting near Dissen-Remsede (Text-fig. 14), which yielded the typical
fauna of the type locality near Salzgitter-Salder, Lower Saxony. At Dissen-
Remsede it was not possible to separate the Didymotis Event II, the C.?
waltersdorfensis waltersdorfensis Event and the C. rotundatus Event, as
at Salzgitter-Salder (WooD & al. 1984), where these three events occur in
a ca. 1m thick interval, in spite of the fact that the marker species of these
three events all occur at Dissen-Remsede. Cremnoceramus rotundatus
marks the base of the Coniacian. Beside a questionable fragment of
Prionocyclus germari and the nautiloid Eutrephoceras sp. indeterminable
fragments of baculitid and scaphitid ammonites occur.

Cremnoceramus waltersdorfensis hannovrensis Event

This event was proved at Dissen-Remsede (Text-fig. 14) and
Schlangen (Text-fig. 15); the index-species is abundant, accompanied by
fragmentary baculitid and scaphitid ammonites.

Ichnofossil and Cremnoceramus waltersdorfensis layer

This marker horizon is limited geographically to the condensed
Turonian/Coniacian boundary sections of southern Westphalia. It lies ca.
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3m above the Soest Greensand. The inoceramid fauna, with C.? walters-
dorfensis ssp. and C. rotundatus agrees well with that of the Didymotis
Event II and the C.? waltersdorfensis hannovrensis Event of the pelagic
limestone facies of north-west Germany. It marks the Turonian/Coniacian
boundary in the southern Miinster Basin. Localities are: Anrochte-Berge,
Schotterwerke Westereiden quarry (Text-fig. 9).

Cremnoceramus erectus Event

This is known from a single Westphalian locality in Schlangen (Text-
fig. 15), the corresponding level at Dissen-Remsede has not been worked.
Beside the index species only a fragmentary and indeterminate ammonite
fauna with scaphitid and baculitid heteromorphs occurs, as in the two
underlying events.

Cremnoceramus inconstans Event

This is marked by an inoceramid fauna with the index species, C.
rotundatus, C. erectus and C.? waltersdorfensis. The first diagnostic
Coniacian ammonite fauna occurs at this level, with Forresteria
(Harleites) petrocoriensis at Schlangen only, Scaphites (Scaphites)
kieslingswaldensis  kieslingswaldensis, Scalarites turoniense,
Neocrioceras paderbornense, Baculites brevicosta and Puzosia muel-
leri, the last only at Dissen-Remsede. This marker horizon probably cor-
relates with an ammonite occurrence in the abandoned claypit of the
Konigin Elisabeth coal mine, near shafts Hubert I and II, Essen-
Frillendorf, southwestern Westphalia, with Menabonites beantalyense.
Forresteria (Harleites) petrocoriensis, Scalarites turoniense, Scaphites
(Scaphites) kieslingswaldensis kieslingswaldensis and Yezoites sp.
Localities are: Dissen-Remsede, A 33 motorway excavations (Text-fig.
14), Schlangen, abandoned Hithnerberg quarry (Text-fig. 15) and
7Essen-Frillendorf, abandoned claypit of Konigin Elisabeth coal mine
near shafts Hubert I and II.

Cremnoceramus deformis and Zoophycos layer 1

In the condensed sections of southern Westphalia this marker horizon
lies ca. 10m above the Soest Greensand; Peroniceras subtricarinatum and
Cremnoceramus deformis are important index species at this level.
Additional ammonites are Forresteria sp., Baculites brevicosta,
Neocrioceras paderbornensis and Scaphites (Scaphites) kieslingswalden-
sis kieslingswaldensis. This event marks the base of the Peroniceras iri-
dorsatum Zone in Westphalia. Localities are: Erwitte, quarries of the
Wittekind, Spenner and Seibel & Sohne cementworks (Text-fig. 9).
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Spenner Marl

This is a conspicuous marl in the middle part of the Upper
Pliner-Limestone Unit in the Erwitte Paderborn region. Localities are:
Erwitte, quarries of the Wittekind, Spenner and Seibel & Sohne cement-
works (Text-fig. 9).

Erwitte Bank

This is a marked limestone and ichnofossil horizon in the upper third
of the Upper Plianer-Limestone Unit in the Erwitte Paderborn region.
Ammonites increase in abundance above the top of the Erwitte Bank.
Localities are: Erwitte, quarries of the Wittekind, Spenner and Seibel &
Sohne cementworks (Text-fig. 9).

Cremnoceramus deformis and Zoophycos Event 11

This occurs in the transition between the Upper Plianer-Limestone
Unit and the Limestone—Marl Transition Beds. Large Cremnoceramus
deformis and Zoophycos are abundant, a sparse but a diverse ammonite
fauna is present, with Puzosia muelleri, Mesopuzosia mobergi,
Lewesiceras sp., Peroniceras subtricarinatum, Forresteria sp.,
Placenticeras fritschi, Baculites sp., Neocrioceras paderbornensis and
Scaphites  (Scaphites) kieslingswaldensis kieslingswaldensis.
Localities are: Erwitte, quarries of the Wittekind, Spenner and Seibel] &
Sohne cementworks (Text-fig. 9).

Magadiceramus subguadratus and Placenticeras semiornatum abundance

This was recognized in temporary excavations in the poorly fos-
siliferous Emscherian Marl of Paderborn-Elsen, central and eastern
Westphalia (SkupiN 1982). It is marked by the co-occurrence of the
three Upper Coniacian guide fossils, Magadiceramus subquadratus,
Placenticeras semiornatum, and Gonioteuthis westfalica praewest-
falica.

Emscherian Greensand Event

This is a lithostratigraphic marker horizon at the top of the Coniacian,
a highly glauconitic and coarse-grained greensand, mainly present in the
Western Ruhr district. Localities are: Gelsenkirchen-Bismarck, Graf
Bismarck X shaft (Text-fig. 13), Duisburg—Walsum, Walsum I shaft =
Wilhelm Roelen shaft (Text-fig. 7).
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INOCERAMID STRATIGRAPHY

The Upper Turonian inoceramid stratigraphy used here (Text-figs 2,
20, 23) is based on that of KELLER (1982), ERNST & al. (1983), TROGER
(1989), and WaLASZCZYK & TROGER (1996) and applied to the pelagic
limestone facies of Westphalia by KAPLAN (1986, 1992). A threefold sub-
division of the Upper Turonian seems to be possible (from top bot-
tomward):
3. Mytiloides scupini Zone (= [noceramus aff. frechi Zone); base marked by the
Micraster Event
2. Mytiloides striatoconcentricus Zone; base marked by the Marl ME

1. Inoceramus costellatus Zone; base marked by the Flint layer F23 ca. 5m below the
costellatus/S. plana Event.

WoobD & al. (1984) established an inoceramid stratigraphy for the
Grey and White Alternation and the Upper Planer-Limestone Unit in the
context of their proposal of Salzgitter-Salder as a standard section for the
Turonian/Coniacian boundary. Their sequence is (from top to base):

6. Cremnoceramus deformis Zone; base marked by the C. deformis and Zoophycos Event |
5. Cremnoceramus erectus Zone
4. Cremnoceramus rotundatus Zone; base marked by Didymotis Event IL.

Localities for the C. rotundatus Zone and the C. erectus Zone are
excavations for the motorway section near Dissen-Remsede (Text-fig. 14)
and the abandoned Hithnerberg quarry near Schlangen (Text-fig. 15). In
southern Westphalia this interval is condensed, and the zones cannot be
separated (Text-fig. 9). There are no new observations on inoceramid
stratigraphy around the Turonian Coniacian transition in southwestern
Westphalia. In contrast, the succeeding Cremnoceramus deformis Zone is
well represented in outcrops of the Upper Planer-Limestone Unit, between
Paderborn and Erwitte (Text-fig. 9). It is well documented in shaft sections
of southwestern Westphalia (Text-figs 5, 10, 13). Separation of a C.
schloenbachi Zone at the top of the C. deformis Zone has not been estab-
lished in Westphalia.

Inoceramid stratigraphy of the Emscherian-Marl has a long history
(ScHLUTER 1877; HEINE 1929; RIEDEL 1933; SeITZ 1962, 1970; TROGER
1974, 1989). SErz (1962) was the first to study accurately located mater-
ial from shaft sections, but as he pointed out, material collected from shafts
can be of limited stratigraphic use, because of technical difficulties associ-
ated with collection. The inoceramid subdivision for the Emscherian pro-
posed by SEITz (1962, 1970) is based on pure faunal zones, which are lim-
ited to the abundant occurrences of the zonal species, in spite of the fact
that he gave very precise stratigraphic records. The Authors therefore pre-
fer to use the subdivision proposed by TROGER (1989) for the Coniacian
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part of the Emscherian, as he defines zones on the basis of the first occur-
rence of index species, although his upper Magadiceramus subquadratus
Zone without Volviceramus is an assemblage zone. The succession of
zones is (from top to bottom):

1. Sphenoceramus pachti and S cardissoides Zone Magadiceranus subgquadratus Zone

without Volviceramus; base marked by the extinction point of Volviceramus
2. Magadiceramus subquadratus Zone with Volviceramus
3. Volviceramus koeneni and involutus zones.

The base of the Santonian was defined by SEITZ (1970) and TROGER
(1989) at the first occurrence of Sphenoceramus pachti and S. cardis-
soides, but following the 1995 Brussels Meeting, it is here drawn at the
base of the succeeding Cladoceramus undulatoplicatus Zone.

AMMONITE STRATIGRAPHY

Rich ammonite fauna recorded from the numerous localities in
Westphalia allows the subdivision of the Upper Turonian and Coniacian
deposits and their good correlation with the inoceramid zonation (Text-figs
20-21).

Base of the Upper Turonian and the S ubprionocyclus
neptuni Zone

The upper Middle Turonian Inoceramus lamarcki Zone yields a rather
poor ammonite fauna. In the expanded sections of the Teutoburger Wald
Collignoniceras woollgari does not extend to the base of the Upper
Turonian. In the condensed sequences of southern Westphalia,
Collignoniceras woollgari and Subprionocyclus neptuni co-occur (Kaplan
1988). An ammonite horizon associated with a limestone nodule layer ca.
15-18m below the base of Upper Turonian (Text-figs 3-6) yields an
ammonite fauna of Lewesiceras mantelli, Sciponoceras bohemicum,
Scaphites geinitzi and Yezoites bladenensis, which range up from below,
together with the first occurrences in Westphalia of Allocrioceras schlueteri

and rare Hyphantoceras reussianum and FEubostrychoceras Saxonicum.

Ammonite faunas from this level up to the middle Subprionocyclus
neptuni Zone (base of the Hyphantoceras Event) are dominated by these
genera and species.

Thge species Subprionocyclus neptuni first appears ca. 4m above the
first occurrence of Inoceramus costellatus, the latter marking the base of
the Upper Turonian. Occurrences of S. neptuni, have been proved at
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Lengerich (Text-fig. 16), Halle (Text-fig. 12), Oerlinghausen (Text-fig
17) and Horn-Bérental, Schierenberg (Text-fig. 6). There is a markeci
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Prionocyclus germari Zone

The Prionocyclus germari Zone as introduced here replaces the
Subprionocyclus normalis Zone of KAPLAN (1986). As demonstrated
below P. germari has wider geographical distribution and seems to be
more abundant than S. normalis the Miinster Basin and elsewhere.

Ammonites are infrequent in the P. germari Zone, as in the beds
above the Hyphantoceras Event. The base of the zone is drawn at the first
occurrence level of the index species, 3m above the Micraster Event, at the
E. Foerth quarry Halle (Text-fig. 11) and the abandoned Anneliese quarry,
Bad Laer, Kleiner Berg (Text-fig. 4). Further well localized specimens are
from the middle part of the Grey and White Alternation of Bad Laer (Text-
fig. 4). At Hollekamp quarry, Ahaus-Wiillen, northern Westphalia, P. ger-
mari occurs at the top of the Turonian (ERNST & WooD 1992; herein Text-
fig. 3). According to an unverifiable note in SCHLUTER (1872-1876) P. ger-
mari occurs in the Cuvieri Planer of Lower Saxony. The species
Hyphantoceras flexuosum first appears at the same horizon as P. germari
and could be used as a further index ammonite. In the middle and upper
part of the zone there occur Scaphites aff. diana that are smaller than the
typical form. Further ammonites are: Puzosia muelleri, Mesopuzosia
mobergi, Lewesiceras mantelli, Baculites undulatus, Scaphites kies-
lingswaldensis doylei, S. geinitzi, and Bostrychoceras saxonicum. In and
around the Soest Greensand, P. muelleri, M. mobergi and L. mantelli are
typical (Text-figs 9, 18). A single specimen of Placenticeras memori-
aschloenbachi is recorded from the Soest Greenland of Unna.

Turonian/Coniacian boundary

Up to now only Scaphites (Scaphites) kieslingswaldensis doylei
WRIGHT, 1976, and fragmentary and usually indeterminate fragments of
scaphitid and baculitid heteromorphs have been found in sections immedi-
ately above the Turonian/Coniacian boundary (the base of the
Cremnoceramus rotundatus Zone) in Westphalia (KAPLAN 1986, KAPLAN
& KENNEDY 1994) and Lower Saxony (Woob & al. 1984).

The first typical Coniacian ammonite fauna occurs in the expanded
sections of Dissen-Remsede (Text-fig. 14) and Schlangen (Text-fig. 15)
ca. 10-15m above the entry of Cremnoceramus rotundatus, in the lower
part of the Cremnoceramus erectus Zone, around the Cremnoceramus
inconstans Event. This occurrence highlights the discrepancy between the
Turonian/Coniacian boundary as used by ammonite and inoceramid work-
ers; absence of both P. germari and F. (H.) petrocoriensis mean that the
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rotundatus Zone remains undated in ammonite terms in the Miinster and
Lower Saxonian Basins.

The species Forresteria (Harleites) petrocoriensis, Baculites brevi-
costa and Neocrioceras paderbornense were collected only at Schlangen,
Scalarites turoniense at both localities, and Scaphites (Scaphites) kies-
lingswaldensis kieslingswaldensis and Puzosia muelleri only at Dissen-
Remsede. There is a significant change in the ammonite fauna in addition
to the entry of Forresteria (Harleites) petrocoriensis; P. muelleri and M.
mobergi are the only species that occur in both germari and petrocorien-
sis Zones. Ammonites are rare at both localities and usually not very well
preserved. In the proposed standard section for the Turonian/Coniacian
boundary at Salzgitter-Salder (Woop & al. 1984), Scalarites turoniense
and Scaphites (Scaphites) kieslingswaldensis kieslingswaldensis occur in
the near contemporaneous Isomicraster and C. inconstans events.

Records of the F. (H.) petrocoriensis Zone in southwestern
Westphalia come from Essen-Frillendorf, where the index species is
accompanied by Menabonites beantalyense, S. turoniense, S. (S.) kies-
lingswaldensis kieslingswaldensis, Yezoites sp. and B. brevicosta
(KAPLAN & KENNEDY 1994), and Oberhausen-Alstaden coal mine
Alstaden, shaft 2, a SCHLUTER locality. The exact stratigraphic position of
his Ammonites alstadenensis [= F. (H.) peterocoriensis] could not be
ascertained.

In the Anrochte and Anrochte-Berge area of Southern Westphalia
(Text-fig. 9), the Turonian/Coniacian boundary interval is condensed, and
only the basal Coniacian inoceramid fauna has been recognized.

Peroniceras tridorsatum Zone

The base of the zone is exposed only in the Anrdchte and Anrochte-
Berge area (Text-fig. 9), where it is marked by the co-entry of Peroniceras
subtricarinatum and Cremnoceramus deformis in the Cremnoceramus
deformis/Zoophycos Event 1. The species Neocrioceras paderbornense,
Baculites sp., Scaphites (Scaphites) kieslingswaldensis kieslingswalden-
sis, and Forresteria sp. make up the ammonite fauna of the lower
Peroniceras tridorsatum Zone. Above the Erwitte Bank in the upper P. fri-
dorsatum Zone, ammonite diversity increases. The species Puzosia muel-
leri, Mesopuzosia mobergi and Placenticeras fritschi occur in the overly-
ing Cremnoceramus deformis and Zoophycos 11 Events and the lower part
of the following kalkig-mergelige Ubergangsschichten.

SCHLUTER (1866) demonstrated the occurrence of P. subtricarinatum
in this unit, with records from the Cuvieri Schichten near Paderborn. The
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species Peroniceras westphalicum was collected from the same unit in
Essen (Amalie coal mine, shaft Barbara, depth 48m), and Peroniceras tri-
dorsatum in Hamm-Bockum-Hovel, shaft Radbod, from the schloenbachi
Beds, without exact depth (KApLAN & KENNEDY.1994).

Gauthiericeras margae Zone

Apart from occasional outcrops, evidence for this and the succeeding
Paratexanites serratomarginatus Zone depends on museum material,
mostly collected from mine shafts that cut the Emscherian Marl (cf. Text-
figs 5, 7, 8, 10, 13). Emscherian ammonites have their highest abundance
in the nearshore sandy and glauconitic marls of southwestern Westphalia,
where they are also better preserved. Elsewhere in the Minster Basin
ammonites are rare and poorly preserved.

The species Volviceramus koeneni and Gauthiericeras margae
appear at the same level in mine shaft sections (RIEDEL 1933) and the now
infilled Dortmund-Eving marl pits, according to old records (BARTLING
1913, FRANKE 1914).

Other ammonites present in the G. margae zone are: Peroniceras tri-
dorstatum, P. (Z.) bajuvaricum, P. subtricarinatum, Placenticeras
fritschi, Mesopuzosia mobergi, Scalarites turoniense and Scaphites
(Scaphites) kieslingswaldensis kieslingswaldensis, which occur already
in the underlying P. tridorsatum Zone; Onitshoceras ponsianum and
Hyphantoceras plicatum are seemingly restricted to the upper part of the
zone. The single record of Tongoboryceras hancocki is from the G. mar-
gae Zone, V. koeneni and involutus Zone of Ahaus-Wessum, northern
Westphalia, Tridenticeras tridens and 1. varians have their first occur-
rence in the upper part of the G. margae Zone, but the stratigraphic occur-
rence of Tridenticeras undosus is uncertain.

The species Paratexanites desmondi, which is restricted to the
Paratexanites serratomarginatus Zone in France, was collected from an
imprecise level at the Kokerei Ernestine, Essen-Stoppenberg, together
with Gauthiericeras margae, and with Phycticrioceras trinodosum at
Essen-Schonnebeck. It cannot therefore be excluded the possibility that
these two species first appear at the top of the Gauthiericeras margae
Zone, although restricted to the serratomarginatus Zone elsewhere.

Paratexanites serratomarginatus Zone

The few ammonites collected in shaft sections and from pits do not
permit accurate location of the boundary between the Gauthiericeras mar-




TURONIAN AND CONIACIAN OF WESTPHALIA 335

gae and Paratexanites serratomarginatus Zones. The only specimen of
Paratexanites serratomarginatus noted from Westphalia was collected
from the Grimberg coal mine, shaft IV, Bergkamen-Weddinghofen, at a
depth of 150m, in the M. subquadratus Zone without Volviceramus
(TROGER 1974). We have not seen the specimen. The same shaft and zone
yielded Placenticeras semiornatum at a depth of 140m. The abandoned
claypit of the Altstadt-Baugesellschaft in Essen-Schonnebeck yielded a
typical P. serratomarginatus Zone fauna, with Paratexanites desmondi,
Phlycticrioceras trinodosum, Onitshoceras ponsianum and Scaphites
(Scaphites) kieslingswaldensis kieslingswaldensis, of which O. pon-
sianum and S. (S.) kieslingswaldensis kieslingswaldensis occur in the pre-
ceding zone. Single well-located ammonites typical of the P. serratomar-
ginatus Zone come from a trial pit at Paderborn-Elsen, where
Placenticeras semiornatum occurs together with Magadiceramus sub-
quadratus and Gonioteuthis westfalica praewestfalica. In Duisburg-
Walsum, shaft Walsum II (Text-fig. 19) Protexanites (Protexanites)
bourgeoisianus was collected at a depth of 255.02m, significantly above
the last occurrence of Volviceramus involutus and so in the P. ser-
ratomarginatus Zone/Magadiceramus subquadratus Zone.

The Coniacian/Santonian boundary

The base of the Santonian in ammonite terms has been defined by the
first occurrence of Texanites texanus auctorum, which agrees well with
the entry of sphenoceramid inoceramids, as HEINZ (1934a) stated, and con-
firmed by our recent work on specimens from Gelsenkirchen, shaft Graf
Bismarck 10. This seemingly straightforward linking of ammonite and
inocermaid zonations is complicated by taxonomic problems. In Germany,
records of Texanites (Texanites) texanus are mostly based on Texanites
(Texanites) pseudotexanus (DE GROSSOUVRE 1894), including that from
the shaft Graf Bismark 10, noted above.

With the adoption of the first occurrence of Cladoceramus undu-
latoplicatus as the marker for the base of the Santonian, the classic
Texanites (Texanites) texanus Zone straddles the Coniacian-Santonian
boundary.

BELEMNITE OCCURRENCES

CHRISTENSEN (1982) gave an overview of the very few Middle
European Turonian and Coniacian belemnite occurrences. Their strati-
graphic distribution is emended, supplemented and their occurrences are
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here placed in the context of the revised ammonite,
inoceramid- and event-stratigraphy outlined above
(Text-fig. 22).

Only a single specimen of Actinocamax esse-

zZones

Substages

Ammonite

Inoceramid
Zones

& oln | 8 o
Sg2ijEsr, & niensis CHRISTENSEN, 1982, has been described to
Blseigd ) ¢ date. It came from the abandoned claypit of Konigin
S 15 Elisabeth coal mine near the Hubert I and II shafts,
L5 Eg -§ o 1 Essen-Frillendorf. According to the collector, H.
3 §§ s | 2 % BascHIN (Essen), it was found with Forresteria
°1° | 2% = (Harleites) petrocoriensis and other ammonites typi-

n

cal of the Westphalian lower Lower Coniacian fauna.

The species Actinocamax paderbornensis
SCHLUTER, 1894, occurs in the Turonian Coniacian
transition of Paderborn according to CHRISTENSEN
(1982). SCHLUTER's stratigraphical description
(obere Cuvieri Pliner) and the locality (Wasser-
werke ostlich Paderborn, SCHLOTER 1894) suggest a
stratigraphical position in the upper part of the upper

Fig. 22. Belemnite =~ LOWeT Coniacian Peroniceras tridorsatum Zone,
occurrences in the  upper Cremnoceramus deformis Zone.
Coniacian of the . g ; ;

Miinster Basin The subspecies Gonioteuthis westfalica

praewestfalica ERNST & SCHULTZ, 1974, is represent-
ed by few specimens. Its occurrence in a submarine slide near Augustdorf, in
the eastern Miinster Basin, cannot be dated with any precision (SKUPIN 1990).
The only precisely dated specimen was collected at Paderborn-Elsen,
Rottberg, associated with Placenticeras semiornatum, Magadiceramus sub-
quadratus, Volviceramus koeneni and Volviceramus involutus (see SKUPIN
1982) and can be placed in the Upper Coniacian Paratexanites serratomar-
ginatus Zone, Magadiceramus subquadratus Zone with Volviceramus.
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STRATIGRAPHIC CORRELATION WITH OTHER AREAS

Upper Turonian

The correlation with the selected European sections as well as with
the Upper Turonian of Western Kazakhstan and Tunisia is presented
(Text-fig. 23).

FRENCH TYPE AREA

There are only poor ammonite records from the Upper Turonian in
the type area, the Saumurois in Touraine (ROBASZYNSKI & al. 1982,
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KENNEDY & al. 1984). Only the lower parts of the S. neptuni Zone are rep-
resented, and the upper Upper Turonian P. germari Zone is missing. This
is indicated by the presence of Subprionocyclus neptuni only 40-60cm
below the top of the Tuffeau Jaune between Tréhet and Villedieu-le-
Chéteau (Loir-et-Cher).

NORTHERN FRANCE

Upper Turonian ammonites appear to be restricted to a limited inter-
val, which is the correlative of the north-west German Hyphantoceras
Event and the English Chalk Rock. Both underlying and overlying Upper
Turonian ammonite faunas are absent, presumably due to non-preservation
of originally aragonitic shells (AMEDRO & al. 1978, RAaGoT 1989).

ENGLAND

The lowest well-documented occurrence of Upper Turonian ammonites
is in the upper part of the traditional Terebratulina lata Zone is Sussex, where
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Subprionocyclus first occurs just above the lower of the two Southerham
Marls. The species Romaniceras (R.) deverianum occurs several meters
higher in the section, just below the level of the Caburn (= Reed) Marl (LAKE
& al. 1987). The main occurrence of Upper Turonian ammonites is higher
still, at the level of the Chalk Rock (WRIGHT 1979), which is in a broad sense
a correlative of the Hyphantoceras Event, and marks the top of the S. nepru-
ni Zone in England. GALE (1996) introduced a Subprionocyclus normalis
Subzone in England, which corresponds to the NW-German S. normalis Zone
of KAPLAN (1986). As demonstrated above, the NW-Germany S. normalis
Zone has its base at Tuff F and is coincident with the entry of Mytiloides scu-
pini, the inoceramid marker of the upper Upper Turonian, But S. normalis
occurs already below this level in NW-Germany. In England S. normalis
occurs in the Hitch Wood Hardground. Here it is associated with Mytiloides
incertus and Inoceramus costellatus; Mytiloides scupini is missing (C.J.
WooD, pers. comm.). Consequently the base of the S. normalis Zone sensu
GALE (1996) lies below the base of the S. normalis Zone sensu KAPLAN
(1986). The inoceramid-fauna of the Hitch Wood Hardground indicates the
base of the S. normalis Zone sensu GALE (1996) and an upper S. neptuni Zone
age, between the base of the Hyphantoceras Event and the M. incertus layer
in a NW-German sense. There is no evidence for the P. germari Zone in
England; ammonites are absent due to preservational factors.

In Lincolnshire, Pseudojacobites farmeryi occurs between the Chalk
Rock and the Ulceby Oyster Bed. This occurrence agrees very well with that
in Westphalia, where the species occurs between the correlatives of the
Hyphantoceras Event and the Micraster Event (KENNEDY & KAPLAN 1995).

NORTHERN SPAIN

KUCHLER & ERNST (1989) demonstrated for the Santander area and
WIESE (1996) for the Liencres area, Cantabria, a close corrrelation between
sequences in northern Spain and North-West Germany. The basal Upper
Turonian in both areas is characterized by Romaniceras deverianum,
which also occurs in their succeeding S. neptuni Zone. In the Santander
area P. germari enters at a horizon where the last Romaniceras deveri-
anum occurs, just above the last Subprionocyclus. In the Liencres area,
Cantabria, P. germari and Mytiloides scupini enter ca. 5 meters above the
last S. neptuni. The succession of Subprionocyclus and Prionocyclus ger-
mari agrees well with that in Westphalia.

CZECH REPUBLIC, BOHEMIA

CecH (1989) demonstrated that, as in Westphalia, S. neptuni is suc-
ceeded by P. germari, which extends up into the Didymotis Event Il (sensu
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ERNST & al. 1984). The P. germari Zone correlates well with that of
Westphalia. In Bohemia, Placenticeras orbignyanum occurs in the P, ger-
mari Zone, rather than P. memoriaschloenbachi as in Westphalia; the dif-
ference between these two species is slight.

POLAND, OPOLE TROUGH

WALAszczyK (1988, 1992) and TARKOWSKI (1991) demonstrated a
close correspondence between the Upper Turonian of the Opole Trough
and that of northwest Germany. The I. costellatus Event marks the base
of the Upper Turonian, a fauna with frequent Hyphantoceras represents
the ammonite succession around the Hyphantoceras Event; the C. wal-
tersdorfensis Event has been taken to mark the base of the Coniacian in
inoceramid terms (WALASZCZYK 1992). As in Westphalia, Allocrioceras
is common in the lower part of the Upper Turonian, and Scaphites
(Scaphites) kieslingswaldensis doylei occurs in the upper part
(TarkowskI 1991). Correlation is very close up to the level of the
Hyphantoceras Event. For the upper Upper Turonian a close event- and
ammonite correlation is not at present possible, as the Micraster Event
and base of the P. germari Zone are not recognized. The species
Mpytiloides incertus, the index inoceramid of the upper Upper Turonian
in Poland (see Walaszczyk 1992), occurs in Lengerich at the base of the
Upper Turonian, together with /. costellatus.

WESTERN KAZAKHSTAN, MANGYSHLAK

The Upper Turonian is subdivided in a Inoceramus costellatus
Zone below and a Mytiloides skupini Zone above. Ammonites are rel-
atively common, but confined to a basal phosphatic bed (MARCINOWSKI
& al. 1996). In the Besakty section the phosphatic bed Va yields an
ammonite fauna with Subprionocyclus neptuni, Allocrioceras stran-
gulatum, Hyphantoceras flexuosum, and Baculites undulatus, which
indicate both Subprionocyclus neptuni and Prionocyvclus germari
Zone.

TUNISIA

As in Spain, the lower part of the Upper Turonian is characterized by
Romaniceras deverianum, which is followed by a Prionocyclus interval
with Prionocyclus novimexicanus (MARcou 1858); but the first
Prionocyclus sp. are found below the base of the R. deverianum Zone.
There is a gap in the ammonite record between the last Prionocyclus and
the first Forresteria (ROBASZYNSKI & al. 1990).
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DISCUSSION

The Collignoniceras woollgari Zone is traceable throughout the
northern hemisphere. The Subprionocyclus nepruni Zone (at least the
lower part) is traceable over many parts of Europe: i.e. north-west
Germany, northern Spain, the Turonian type area in Touraine, northern
France, Vaucluse in SE France, England, Poland, the Czech Republic,
Austria, Japan and the Gulf Coast, Western Interior and west coast of the
United States, despite the fact that its boundaries still have to be clarified
in some areas. In western Europe it is locally replaced by a Romaniceras
deverianum Zone, the index species being in part coeval. The first occur-
rence of R. (R.) deverianum is difficult to place in relation to the first
occurrence of S. neptuni, but Subprionocyclus appears below R. (R.) deve-
rianum in Sussex, England. In Spain, there is a flood of occurrence of R.
(R.) deverignum at what WIESE & KUCHLER (1995) believe to be the cor-
relative of the costellatus/plana Event in Germany, in which case the base
of the neptuni and deverianum Zones would correspond (Text-figs 3-4).

Within the S. neptuni Zone, several marker horizons and events are
traceable in north-west Germany and in some cases beyond. The
Inoceramus costellatus/Sternotaxis plana Event, which marks the base of
the Upper Turonian, neptuni Zone, can also be traced into the Opole
Trough in Poland (WALASZCZYK 1992). The Hyphantoceras Event with its
remarkable fauna can be identified in northern France (AMEDRO & al.
1979), correlates with the Chalk Rock in England (WRiGHT 1979) and 1s
present in the Opole Trough, Poland (WaLaszczyk 1988, 1992;
TARKOWSKI 1991). The event may also be represented in Algeria; sup-
posed Lower Cenomanian ammonites from Berrouaghia collected by
PeroN and TaomAs and described by PERVINQUIERE (1910) include typi-
cally Upper Turonian Romaniceras (R.) deverianum and Coilopoceras
(KENNEDY & al. 1980, KENNEDY & WRIGHT 1984) and the type material of
Bostrychoceras thomasi PERVINQUIERE, 1910, which are both
Eubostrychoceras saxonicum and Hyphantoceras reussianum (e.g. the
holotype of Hyphantoceras cenomanense WIEDMANN, 1962).

In Westphalia (Text-figs 12 and 4), northern Spain (KUCHLER &
ERNST 1989) and the Bohemian Basin in the Czech Republic (CrcH 1989)
only a narrow interval separates the last occurrence of Subprionocylus
neptuni and the first occurrence of Prionocyclus germari.

Beside these well documented occurrences of P. germari, it and
allied species are known from the upper Upper Turonian of Japan, where
Subprionocylus normalis and Reesidites minimus are followed by
Prionocyclus wyomingensis MEEK, P. cobbani and P. aberrans




ACTA GEOLOGICA POLONICA, VOL. 46

U KAPLAN & W.J. KENNEDY, FIG. 24

gﬂabdéﬂf’a;i'n Inoceramid Zones Ammonite Zones
: ; ; Western ;
Westphalia | Westphalia |  Middle & | LN SO0 || WESOT | nterior, Usa | WWestohalia France
SEITZ 1956 =as. Eorope 157 Mot s : KAPLAN &
! A KENNEDY & KENNEDY & KENNEDY 1984a, b
SEITZ 1852 1962, 1970 | TROGER 1981, 1989 | EANST,WoOD & | KENNEOY & | KERVEDYE KENNEDY, harein
RASEMAN 1984
g Zone 25 g ] & = c
Middle 2 '?ardisrs”qfdes gg \, (5.) cardissoides g-g undulatoplicatus § gg ?Zﬁ:ﬁﬁis gg Texanires g._
: - pachit 2 E| [ (S.)pachti gt ERANST & = 3Tt exanus o
Emscherian @ ealsp.  [C& SCHMID 1979 =¥ =& = &
Beds witnaut g, (A«%?neb 24d GDn:‘O!ETJﬂ.? = g
; - o [ (M) subguadr. praeweslfalica g o
I involutus, with |8 2\ "o 1) | SIERNST & SCHMID| &2 , g .
I subguadratus |58 “invotuus ~ |G| 1979 S5 . (Magadicera- | graphites Paratexanites | J5 | Faratexanites
o3 2.9 ! mus) subquadra- depressus S | serratomarginatus O |serratomarginatus | &
) < Zone a5 tus crenulatus P [-E i P S
Beds with -2 |l (M) subquadratus P & | 8 2 3
ol S | 1 (Volviceramus ) koeneni- S | & o ‘£
Lower 2 'guo'ﬁ:usl 8 [H1E0 sy involutus 8 s = S
nd without | S 3 -
I. koeneni @ Zone 22 s Zone é 5 s 5
1 el 5 k=) (=] gz a
Emscherian D | M()ivolitus 2 Eangt & o |I. (Volviceramus )| Scaphites | S | Gauthierceras | T | Cufierceras | 3
s 5 ) P <] margae
1. (V.) koeneni O | SCHMID 1979 E involutus ventricosus margae Q
Beds with 8| P manteli | 2 s P
eds wi 50 . (P.) mantelli £ 2
I koeneni |2 € E 8
25 et al. sp. = =
(8]
c Zone 21 c S
< Cremnoceramus ke
Upper . 12 Salomis .. (Cremnocera- % g
. Schloenbachi 2| 1 (C.) schioen- mus) deformis €| Peroniceras = | Peroniceras | &
Turonian e bachi S| S 4 ©
. 15 c tridorsatum | 'S | fridorsatum |
Beds 5 I.(C.)emsti | -2 |WOOD &al 1984| 3 Siaphites 2 ] 2
(r] k=]
=3 —— £ g preventricosus | = S =
‘one o 8 1 ; &
I rofundalus | g | CETAOGHRAMUS |2 1) (Cremnocera- 8| o 3
M. incertus = 2 | mus) erectus S| petrocoriensis | 5 g
c = . .
5 | I waltersdor- | 5 | WOOD &al 1984 5 = Forresteria | §
: 5 fensis Cremnoceramus 0 i petrocoriensis | ©
2 =] no index
Late iféﬁgﬁgﬁg 5 | 1 (C.) schioen- rotundatus 5| ammonies 3
. bachi WOOD & al. 1984 I 3 3
i 5 noceramus ‘ i
Middle Beds i} - —i= i Scaphites 2 — Hiatus
= one 19 - |1 wallersdorfensis | .2 corvensis = =
Turonian {pars) £ |1 (5.) striatocon, | S | wallersdorenss | 8| (pars) (pars) €| Prionocyclus | £
=1 |I. costel. costel. | i ~ = i =
4 1. aff. frechi germari
I. (M.) incertus 5 = 3 g
. dresdensis a2 a
g o |8 5 5

Correlation of the Coniacian of the Miinster Basin with that of other regions



TURONIAN AND CONIACIAN OF WESTPHALIA 341

(MatsumoTO 1971). In Tunisia ROBASZYNSKI & al. (1990) established a
Prionocyclus interval with P. novimexicanus above a Romaniceras deve-
rianum total range Zone, which agrees very well with the situation in
northern Spain (KUCHLER & ERNST 1989), and with that in other areas.
Further occurrences of P. germari are in the upper Upper Turonian of
southern France (MIDDLEMISS & MOULLADE 1968) and the Western
Interior of the United States (CoBBAN 1990, KENNEDY & CoOBBAN 1991),

In Westphalia, the Bohemian Basin, northern Spain and Tunisia,
where Prionocyclus is precisely localised, there is a gap between the high-
est Prionocyclus and first Forresteria (Harleites) petrocoriensis.

Coniacian

Correlation with the type area of the Coniacian and the selected areas
in Europe and adjacent areas is shown in Text-fig. 24.

TYPE AREA

For the type-area in western France, KENNEDY (1984a) established
the following sequence (from top to bottom):

4, Paratexanites serratomarginatus Zone, with Protexanites bourgeoisianus, P. bontani,
Proplacenticeras semiornatum, Phlycticrioceras trinodosum, and Baculites incur-
vatus,

3. Gauthiericeras margae Zone, with G. nouelianum. G.? boreaui, Tridenticeras sp., and
B. incurvatus,

2. Peroniceras (Peroniceras) tridorsatum Zone with several species of Peroniceras,
Onitshoceras ponsianum, Forresteria (Harleites) nicklesi, and Placenticeras fritschi,

L. Forresteria (Harleites) petrocoriensis Zone, with the zonal index ammonite and rare
Metatissotia species.

The succession of the zonal index species in the type area and
Westphalia agrees very well. The basal Forresteria (Harleites) petro-
coriensis Zone is only poorly documented, as in many cases outside the
type area. In contrast to the virtually monospecific petrocoriensis Zone
fauna in Aquitaine, the Westphalian assemblage includes Scalarites tur-
oniense, Neocrioceras paderbornense and Scaphites (Scaphites) kies-
lingswaldensis kieslingswaldensis, the last of which first appears with F.
(Harleites) petrocoriensis. Within the Peroniceras tridorsatum Zone,
Placenticeras fritschi and Forresteria sp. occur in both the type area and
Westphalia, where Metatissotia is missing. In Westfalia Onitshoceras
ponsianum occurs later, in the succeeding G. margae Zone.
Peroniceratids, which are common in the P. tridorsatum Zone of the type
area, are rare in the P. tridorsatum Zone in Westphalia but widespread in
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the succeeding G. margae Zone. They do not occur in the French
Gauthiericeras margae Zone. In both areas Protexanites bourgeoisianus
enters high in the G. margae Zone, and extends into the Paratexanites ser-
ratomarginatus Z.one.

There are no significant differences between the ammonite faunas of
the type area and Westphalia. In both areas there are occurrences of
Paratexanites serratomarginatus, P. desmondi and Protexanites bour-
geoisianus, Placenticeras semiornatum, Phlycticrioceras trinodosum
and Tridenticeras, the last of which first occurs in the margae Zone in
Westphalia. In Westfalia, P. desmondi, P. trinodosum and Tridenticeras
probably occur in the top of the G. margae Zone.

NORTHERN FRANCE

The Turonian Coniacian transition (AMEDRO & ROBASZYNSKI 1978,
AMEDRO & al. 1979) is interrupted by several hardgrounds. As mentioned
above, the Upper Turonian ammonite fauna with Subprionocyclus neptu-
ni, Lewesiceras mantelli and Scaphites geinitzi is restricted to a limited
horion, which correlates with the northwest German Hyphantoceras Event
and the contemporanous English Chalk-Rock. There is no ammonite evi-
dence for the upper S. neptuni Zone, the Prionocyclus germari Zone, or
the Forresteria (Harleites) petrocoriensis Zone (cf. AMEDRO & al. 1982).
In the higher parts of their sections, rare Peroniceras tridorsatum occurs
with Cremnoceramus schloenbachi, C. waltersdorfensis hannovrensis
and abundant Inoceramus ex gr. mantelli. A co-occurrence of
Cremnoceramus deformis/schloenbachi, I. mantelli and Peroniceras tri-
dorsatum is known in the Spremberg-Weisswasser area in Brandenburg-
Sachsen, eastern Germany, in the upper part of the I. schloenbachi Zone
(TROGER & HALLER 1966), as well in the Badabag Basin, Romania (SZASz
& Ton 1988). In both areas G. margae and involute inoceramids are absent
from this fauna. Inoceramus mantelli first appears high in the C. deformis
Zone, and this faunal association seems to belong to the upper P. tridorsa-
tum Zone/Cremnoceramus deformis Zone.

ENGLAND

GALE & WoODROOF (1981) described the occurrence of Forresteria
(Harleites) petrocoriensis from the Top Rock of the Kent coast.

CHALK FACIES OF NORTHERN GERMANY

ErRNST & SchHuLTZz (1974) based the biostratigraphy of their
Légerdorf (Holstein) Richtprofil on inoceramids, echinoids and belem-
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nites, as ammonites and some key Coniacian inoceramids are absent.
While the Cremnoceramus deformis Zone and the base of the
Volviceramus koeneni Zone are readily correlated with Westphalia, the
correlation of the Micraster bucaillei/Gonioteuthis westfalica praewest-
falica Zone with sequences from Westphalian shaft sections is uncertain,
as Magadiceramus subquadratus is absent from the chalk facies and only
one precisely dated specimen of Gonioteuthis westfalica praewestfalica
has been found to date in the Emscherian-Marl of Westphalia. The base of
their zone correlates approximately with the level of abundant
Volviceramus involutus, at which Magadiceramus subquadratus first
appears in Westphalia, and where Gonioteuthis westfalica praewestfalica
and Placenticeras semiornatum were found in Paderborn-Tallewiesen
(SKUPIN 1982).

LOWER SAXONY

Woob & al. (1984) proposed Salzgitter-Salder as the standard sec-
tion for the Turonian/Coniacian boundary and this was adopted by the
1995 Brussels Symposium (KAUFFMAN & al. 1996). Only scaphitid and
baculitid heteromorph ammonites occur around the boundary, with
Scaphites (Scaphites) kieslingswaldensis doylei (KAPLAN & al. 1987).
Scaphites (Scaphites) kieslingswaldensis kieslingswaldensis and
Scalarites turoniense first appearing slightly below. There are no
ammonites above this level in Lower Saxony.

SAXONY

In the Spremberg 101 borehole (HALLER 1963) Inoceramus incon-
stans and Toxoceras turoniense (= Scalarites turoniense) co-occur at a
depth of 1107 m, below Inoceramus schloenbachi. In the same area
Inoceramus ernsti, I. deformis, and 1. waltersdorfensis hannovrensis co-
occur (HALLER 1963) with Peroniceras tridorsatum, Placenticeras orbig-
nianum (= P. fritschi) and Scaphites kieslingswaldensis. This fauna corre-
lates with the Cremnoceramus deformis and Zoophycos events in
Westphalia. As mentioned above, Platyceramus mantelli and Inoceramus
kleini occur already in the upper part of the Cremnoceramus deformis
Zone. In the following units diagnostic ammonites are lacking, but inoce-
ramid occurrences can be correlated with the Westphalian sequence
(HALLER & TROGER 1963).

POLAND

In the Nysa Graben (German: Neissegraben) and in the Inner Sudetic
Trough, Placenticeras orbignyanum occurs 8m above the first occurrence
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of Inoceramus inconstans. The ammonite species Peroniceras subtricar-
inatum and P. westphalicum first occur in the upper range of Inoceramus
schloenbachi, and P. tricarinatum overlaps with Inoceramus koeneni
(RADWANSKA 1963). These occurrences of inoceramids and ammonites
correlate well with those in Westphalia. In the Central Polish Uplands, the
Turonian/Coniacian boundary in inoceramid terms is associated with an
ammonite fauna with Sciponoceras and Scaphites (WALASZCZYK 1992),
which agrees well with occurrences in Westphalia and Lower Saxony. In
the Opole Trough, Volviceramus involutus and Peroniceras subtricarina-
tum co-occur, as in the Gauthiericeras margae Zone of Westphalia.

CZECH REPUBLIC, BOHEMIAN BASIN

The species Forresteria (Harleites) petrocoriensis first appears in
the Cremnoceramus inconstans Zone, and ranges up to the basal
Volviceramus koeneni and Platyceramus mantelli Zone. Peroniceras tri-
dorsatum enters above F. (H.) petrocoriensis in the upper part at the
Cremnoceramus inconstans Zone, below the entry of Cremnoceramus
deformis, but its main occurrence is in the upper part of the
Cremnoceramus deformis Zone. The species Gauthiericeras margae first
occurs just above the first occurrences of Volviceramus koeneni and
Platyceramus mantelli. VASICEK (1992) described a fauna of the
Gauthiericeras margae Zone, Volviceramus koeneni and involutus Zone
of Moravia, with Mesopuzosia indopacifica, Eupachydiscus cf. isculensis
(probably a Tongoboryceras), Gauthiericeras margae, Peroniceras tri-
dorsatum,  Placenticeras cf.  semiornatum, Tridenticeras,
Phlycticrioceras trinodosum, Baculites cf. undulatus, and Scaphites (S.)
kieslingswaldensis kieslingswaldensis. This succession agrees well with
that in Westphalia. In both areas the upper Upper Turonian is characterized
by Prionocyclus germari, while Forresteria (Harleites) petrocoriensis
first appears in an interval with Cremnoceramus inconstans. The genus
Peroniceras first occurs at a slightly lower level than in Westphalia, as in
northern Spain, but Gauthiericeras margae and Volviceramus koenent
first appear at the same level. Involute inoceramids and Peroniceras co-
occur in the margae Zone in both Westphalia, whereas Phlycticrioceras
tridorsatum and Placenticeras semiornatum are typical of the succeeding
P. serratomarginatus Zone in Westphalia.

ROMANIA, BABADAG BASIN

According to the sections in SzAsz & IoN (1988) the Turonian and the
Coniacian are highly condensed by comparison with sequences in middle
and western Europe; Didymotis sp., Forresteria (Harleites) petrocorien-




TURONIAN AND CONIACIAN OF WESTPHALIA 345

sis and Cremnoceramus rotundatus occur, and are typical for the basal
Coniacian. Also recorded is Barroisiceras haberfellneri (HAUER); the fig-
ured specimen (SzAsz & IoN 1988, Pl. 6, Fig. 3) may, however, be a
Tissotioides haplophyllus (REDTENBACHER). The succeeding fauna also
includes Forresteria (Harleites) petrocoriensis, Peroniceras sp., and
Yabeiceras aff. orientale. The inoceramid fauna is Cremnoceramus
deformis, C. inconstans and C. erectus, with Didymotis still present. The
succeeding Peroniceras tridorsatum Zone yields Platyceramus mantelli,
and there is a poor representation of the Gauthicriceras margae Zone
above. The faunal succession of the Babadag Basin is thus closely similar
to that in Westphalia and the other areas discussed above.

AUSTRIA, GOSAU BEDS

SUMMERBERGER (1985) describes a succession of ammonite faunas
that can be correlated with the Coniacian of the French type area and
Westphalia. SUMMESBERGER & KENNEDY (1996) suggest that true
Barroisiceras haberfellneri is Upper Turonian.

NORTH SPAIN

KUCHLER & ERNST (1989) placed the Turonian/Coniacian boundary
at the level of first occurrence of Cremnoceramus rotundatus in the
Didymotis Event II; Forresteria (Harleites) is rare, and occurs well above
the Didymotis Event II; Peroniceras (Zuluiceras) bajuvaricum appears
slightly below the base of the Cremnoceramus deformis Zone. KUCHLER
& ERnsT (1989) gave no faunal evidence for the Gauthiericeras margae
and Platyceramus mantelli Zones, but according to their diagram, their
lower boundaries coincide. The ammonite succession agrees well with
those of the type area and Westphalia, although Peroniceras occurs as
Peroniceras (Zuluiceras) bajuvaricum slightly earlier than in Westphalia,
which agrees well with records from the Bohemian basin.

US WESTERN INTERIOR

The inoceramid zones proposed by KENNEDY & COBBAN (1991) cor-
respond well with those recognized in Westphalia. The exact correlation of
the Westphalian Magadiceramus subquadratus Zone and the
Magadiceramus subquadratus crenelatus Zone of the Western Interior
has still to be clarified, as SEITZ (1962) gave no exact details of the first
occurrence of M. subquadratus crenelatus in Germany. On the basis of the
correlation of inoceramid zones, the lower part of the Scaphites corvensis
Zone corresponds to the German Prionocyclus germari Zone, which is
confirmed by occurrences of P. germari in the Western Interior. The upper
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part of the corvensis Zone and the lower part of the Scaphites preventri-
cosus Zone are equivalent to the Forresteria (Harleites) petrocoriensis
Zone and the lower part of the Peroniceras tridorsatum Zone. The upper
part of the tridorsatum Zone and Gauthiericeras margae Zone are equiv-
alent to the Scaphites ventricosus Zone; the Paratexanites serratomar-
ginatus Zone is equivalent to the Scaphites depressus Zone.

CONCLUSIONS

In Westphalia, Lower Saxony, Saxony, Poland and northern Spain
diagnostic ammonites are generally missing from the lower Lower
Coniacian Cremnoceramus rotundatus Zone. The only exception is the
occurrence of Prionocyclus germari in Bohemia in the Didymotis II
Event, and 8. (S) kieslingswaldensis doylei in Lower Saxony. The other
ammonite occurrences usually consist poorly preserved scaphitid and
baculitid heteromorphs only.

In the more-or-less uncondensed sections across the
Turonian/Coniacian boundary interval in Westphalia (KAPLAN 1986),
northern Spain (KUCHLER & ERNsT 1989) and Bohemia (CEcH 1989),
Forresteria  petrocoriensis always first appears later than
Cremnoceramus rotundatus, in Westphalia at the level of the C. incon-
stans Event in the C. erectus Zone, and in Bohemia in the C. inconstans
Zone. In northern Spain, where Cremnoceramus erectus and C. incon-
stans do not occur, it first occurs in the Cremnoceramus rotundatus
Zone, but above its base. The Turonian/Coniacian boundary in ammonite
terms as proposed by KENNEDY (1984b) may thus be drawn at a higher
level than the boundary proposed at the 1995 Symposium, the first occur-
rence of C. rotundatus.

The ammonite boundary is also the entry level of other typical
Coniacian ammonites, such as Scaphites (Scaphites) kieslingswaldensis
kieslingswaldensis, Neocrioceras paderbornense and Scalarites turo-
niense, at the level of closely related Isomicraster and Cremnoceramius
inconstans Events.

The species Peroniceras (Zuluiceras) first appears in northern Spain
(KUcHLER & ERNST 1989) and Bohemia (CEcH 1989) just below the base of
the Cremnoceramus deformis Zone. In the only accessible Westphalian sec-
tions (Anrochte and Berge), this interval is condensed, and Peroniceras (F)
subtricarinatum and Cremnoceramus deformis first appear at the same
level. These minor differences apart, the base of the Peroniceras tridorsat-
um Zone correlates with the Cremnoceramus deformis Zone in Westphalia,
France, Poland, Romania and the Western Interior of the United States.
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Previous problems with the correlation of these zones were based on
two facts: Peroniceras (Peroniceras) is rare in or even absent from the
Cremnoceramus deformis Zone in Westphalia, Saxony and Poland; in these
areas Peroniceras reaches its greatest diversity in the succeeding
Gauthiericeras margae/Volviceramus koeneni and involutus Zones.
Secondly, Gauthiericeras margae may be rare or is even absent in this zone,
as in Saxony and Poland. Consequently but erroneously, a Peroniceras tri-
dorsatum Zone instead of a Gauthiericeras margae Zone was correlated
with the Volviceramus koeneni and involutus Zone (TROGER 1989).

A co-occurrence of P. (P.) tridorsatum and Platyceramus mantelli is
documented in the Cremnoceramus deformis Zone in northern France,
Saxony, and Romania.

The base of the Gauthiericeras margae Zone and of the
Volviceramus koeneni and involutus Zone correlate in Westfalia and
Bohemia (CecH 1989). In the Western Interior, the base of the
Gauthiericeras margae Zone seems to be drawn at a higher level. In the
type area, Peroniceras has not yet been recorded in the Gauthiericeras
margae Zone, in contrast to Westphalia, Poland, Bohemia, and Romania.

There are few precise records of the Paratexanites serratomargina-
tus ammonite Zone, which appears to be contemporaneous with the
Magadiceramus subquadratus inoceramid Zone. The ammonite faunas of
the type area, Westphalia, Moravia and the U.S Western Interior are very
similar. The zone is characterized by species of Paratexanites,
Placenticeras semiornatum, Tridenticeras, and Phlycticrioceras trino-
dosum. The belemnite Gonioteuthis westfalica praewestfalica occurs
together with Magadiceramus subquadratus, Volviceramus involutus and
Placenticeras semiornatum; the Magadiceramus subquadratus Zone, the
Paratexanites serratomarginatus Zone and the Gonioteuthis westfalica
praewestfalica Zone of the North German chalk facies are coeval.
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