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Four large quarries in northern Germany provide a continuous section from the Middle Coniacian to 
Upper Maastrichtian, consisting almost throughout of a white chalk facies. The combined section has a 
thickness of 570 m. It has been sub-divided biostratigraphically into 33 zones. The vertical ranges of the 
species of the stratigraphically relevant groups have been determined on the basis of about 30 years of 
systematic collecting of fossils bed by bed. Belemnites, inoceramids, echinoids, crinoids and brachiopods 
occur throughout the section, ammonites only in the Campanian and Maastrichtian. 
The following proposals are put forward for the definition of the stage boundaries: 
Campanian/Maastrichtian: appearance of Belemnella lanceolata, nearly coincident with the first occur
rence of Hoploscaphites constrictus; 
Santonian/Campanian: level of phylogenetic development of Gonioteuthis granulataquadrata from G. 
granulata, coincident with the extinction of Marsupites testudinarius; 

Coniacian/Santonian: appearance of Inoceramus ( Cladoceramus) undulatoplicatus nearly coincident with 
the appearance of the Inoceramus pachti!cardissoides group. 
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burg 13, Germany; F. Schmid, Niederstichsisches Landesamt fur Bodenforschung, Stilleweg 2, D-3000 
Hannover 51, Germany. March 8th, 1984. 

The Upper Cretaceous in northern Germany is 

exposed in three large quarries at Liigerdorf and 

Kronsmoor in southwestern Holstein about 50 

km northwest of Hamburg and in the Hemmoor 

quarry, which has been flooded since 1977, lo

cated south of the Elbe River about 35 km south

west of Liigerdorf. All three localities are on the 

same elongated salt structure "Krempe-Hem

moor-Bevern". The Upper Cretaceous at Liiger

dorf is exposed in two quarries, named 

"Schinkel" (Middle Coniacian to Lower Campa

nian; see G. Ernst 1963a, 1966, G. Ernst & 

Schulz 1974) and "Alsen" (Lower Campanian to 
Upper Campanian; see G. Ernst 1963a, Schulz 

1978). An exploration borehole in the Schinkel 

quarry reached the Lower Coniacian (Inocera

mus deformis zone). A complete Campanian/ 

Maastrichtian boundary section is exposed at 

Kronsmoor in the Saturn quarry about 2 km 

north of Liigerdorf (Schulz 1978, 1979). At Hem
moor, the section continues from the middle part 

of the Lower Maastrichtian ( = the top horizon of 

Kronsmoor) to the Upper Upper Maastrichtian 

(Schmid 1982, Schulz 1979, Schulz & Schmid 

1983b ). The sections of these four quarries can be 

combined lithostratigraphically and biostrati

graphically to provide a nearly complete 570-

m-thick sequence from the Lower Coniacian to

the Upper Upper Maastrichtian, which consists

almost throughout of white chalk.
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Thickness of stages in the White Chalk reference section of Lågerdorf-Kronsmoor-Hemmoor 

Stage/Substage thickness quarry 

Upper Maastrichtian 
Lower Maastrichtian 
Upper Campanian 
Lower Campanian 
Santonian 
Coniacian 

>85 m 
86 m 

154 m 
116 m 
71 m 

>57 m 

Hemmoor 
Kronsmoor, Hemmoor 
Alsen, Kronsmoor 
Schinkel, Alsen 
Schinkel 
Schinkel + borehole 

A detailed description of the combined section 
with the vertical ranges of the relevant guide 
fossils is to be published later (Schulz, H. Ernst, 
Schmid, & G. Ernst, in prep.). 

Palaeogeographical situation 

The Lågerdorf-Kronsmoor-Hemmoor area lies 
within the area of the transition from the North 
Sea basin to the Baltic straits, in the northern 
part of the Pompeckj block and about midway 
between the land areas of the Baltic Shield and 
the Mid-European continent. This palaeogeo
graphical location makes the Lagerdorf-Krons
moor-Hemmoor section a very important link be
tween the northwest European (e.g. England, 
Limburg) and the east European (Poland, Rus
sia) Upper Cretaceous. 

Lithology 

As expected from its palaeogeographical situa
tion far from land areas, probably on a low sub
marine swell (salt dome), the Upper Cretaceous 
of Lagerdorf-Kronsmoor-Hemmoor consists al
most entirely of very pure, pelagic white chalk 
with hardly any terrigenous influence. The chalk 
is extremely fine grained. Only 5-15% of the 
components are coarser than 63 um. The fraction 
<63 um consists mainly of coccoliths. Cal-
cispheres and small planktonic foraminifers are 
also major components of this fraction. 

At the Santonian/Campanian boundary at 
Lågerdorf, a coarse-grained, ca. 9 m thick chalk 
horizon ("Grobkreide"), consisting to a large 
part (up to 40%) of inoceramid prisms, is inter
calated in the white chalk (Voigt 1954, G. Ernst 

1963a, H. Ernst 1978). The uppermost Maas
trichtian chalk at Hemmoor is also somewhat 
different from the typical white chalk facies. It is 
greyish to yellowish and rather coarse grained. 

The white chalk is only moderately compacted 
and not cemented. The CaC03 content of the 
chalk is about 95% in the Coniacian and Santo
nian. It increases to ca. 98% in the middle part of 
th Campanian, then decreases to 93-94% in the 
upper part of the Upper Campanian and the 
lowermost Maastrichtian and then increases 
again to more than 96%, reaching a second maxi
mum of ca. 98% in the lower and middle parts of 
the Upper Maastrichtian. In both intervals in 
which the CaC03 content reaches a maximum, 
the content of flint also reaches a maximum, but 
the Lower Upper Campanian, which also has 
CaC03 contents of 97-98%, is alsmost free of 
flint (see below). 

The Coniacian to Lower Maastrichtian chalk of 
Lågerdorf and Kronsmoor was deposited at 
water depths of 50-200 m (H. Ernst 1978). The 
uppermost Maastrichtian chalk of Hemmoor and 
Basbeck (1 km south of Hemmoor) was probably 
deposited in shallower water within the euphotic 
zone (Wetzel 1942, Schulz & Schmid 1983b). The 
"Grobkreide" interval at the Santonian/Campa
nian boundary is also interpreted as a sediment 
deposited at a shallow depth of about 50 m (H. 
Ernst 1978), indicating rising of the salt dome 
during the "Wernigeroder Phase" (Voigt 1954). 

The sedimentation rate of the compacted chalk 
was about 2.5 cm/1000 years for the Santonian 
and Campanian of Lågerdorf and Kronsmoor. It 
increased to ca. 3.5 cm/1000 years in the 
Maastrichtian at Kronsmoor and Hemmoor. 
Considering the compaction and numerous hori
zons that indicate reduced chalk sedimentation, 
the real accumulation rates must have been much 
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higher. Bromley (1979, p. 28) estimate the rate of 
deposition of the Maastrichtian of Denmark, 
which is 3 to 4 times as thick as at Kronsmoor and 
Hemmoor, to be 20-25 cm/1000 years. 

The chalk is extremely bioturbated throughout 
the section. The bedding is only visible in a few 
bedding planes, several thin marl beds intercala
ted in the chalk and in several horizons of grey, 
marly chalk (88-90% CaC03) and blue, pyrite 
impregnated chalk. In addition, the numerous 
beds of nodular flint, which are always parallel to 
the primary bedding planes, can be used for 
measuring the section and for bed-by-bed collec
tion of samples. 

Marl beds are quite common in the Coniacian. 
In the Santonian, only a few thin marl beds oc
cur. Three distinctive marl beds are found in the 
Lower Campanian and three marl beds occur in 
the lower part of the Upper Campanian, one of 
them marking the base of this substage. Another 
marl bed in the Maastrichtian is very important as 
a marker horizon for the boundary between the 
Lower and Upper Maastrichtian (see below). 

All transitions occur: from bedding planes to 
thin marl seams to 1-8 cm-thick marl beds. Vale-
ton (1959,1960) demonstrated the volcanic origin 
of the clay minerals in some of the marl beds and 
interpreted them as tuffite beds. But Scholz 
(1973) showed that the composition of the clay 
minerals, finely distributed in the normal white 
chalk, does not differ qualitatively or quantita
tively from that in the marl beds. Studies on for-
aminifer assemblages indicate that the con
centration of the clay particles in the marl beds is 
due to selective dissolution of CaC03 caused by 
stagnant water, rather than to a single volcanic 
event (H. Ernst 1978, 1982). 

The pyrite impregnated beds called burrow 
horizons ("Grabganglagen") are another indica
tor of reduced chalk sedimentation rates (G. 
Ernst & Schulz 1974, H. Ernst 1978). They are 
speckled blue to black by pyrite impregnation of 
burrow fills and remains of siliceous sponges. All 
transitions occur from thin (10 cm) intensively 
discoloured beds, which, apart from the harden
ing, resemble the "sponge beds" of the English 
Upper Chalk, to thick (several metres), faintly 
discoloured beds, whose colour very quickly dis
appears when they are exposed to the air. 

Apart from the above-mentioned indicators of 
reduced chalk sedimentation (marl beds and 

pyrite impregnated beds), which are more com
mon in the lower part of the section than in the 
upper part, the section of Lagerdorf-Kronsmoor-
Hemmoor seems to be nearly continuous. Hard-
grounds in particular are missing and no bio-
stratigraphic indications of major gaps have been 
found. 

Flint is quite common from the Coniacian to 
the Lower Campanian and from the Upper 
Lower Maastrichtian to the top of the section, 
but there is almost none in the Upper Campanian 
and lower part of the Lower Maastrichtian. Flint 
usually occurs in nodular beds, which are always 
parallel to the primary bedding planes. The flint 
nodules in the Coniacian are white to light grey 
and have a high porosity similar to that of the 
surrounding chalk (Scholz 1973). Flints in the 
Santonian are mainly grey, whereas those in the 
Campanian and Maastrichtian are black and den
se. 

The first minor maximum of flint content is 
found in the middle part of the Lower Campa
nian, where distinct nodular beds occur with an 
average distance between beds of about 1 m, 
perhaps indicating rhythmic changes in the condi
tions that governed the formation of the flint 
beds. After a very long interval spanning the 
whole of the Upper Campanian and the lower 
part of the Lower Maastrichtian, in which only a 
very few flint beds occur, flints begin to appear 
again in the upper part of the Lower Maastrich
tian. This reappearance occurs at exactly the 
same stratigraphic level 35 km apart at Krons
moor and Hemmoor: immediately above the 
base of the upper Belemnella sumensis zone 
(Schulz 1978, 1979). The greatest flint maximum 
in the section occurs in a 17 m thick interval in the 
Upper Maastrichtian (argentealjunior zone), 
where twelve continuous, almost massive flint 
beds with thicknesses of up to 80 cm occur. That 
this flint maximum can be correlated with a simi
lar flint maximum in the Upper Cretaceous of 
Limburg (craie grossiére) is demonstrated by the 
appearance of the coccolith Nephrolithus fre-
quens just above the maximum in both areas 
(Schulz & Schmid 1983b). 

A very detailed lithostratigraphic scheme has 
been established by numbering all recognizable 
beds, such as flint beds, marl beds, and pyrite 
impregnated beds, and then measuring the dis
tances between them. More than 300 marker 
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horizons have been numbered and characterized. 
Established by biostratigraphic evidence, they al
low an exact correlation of the sections of the 
four quarries. 

It is not intended to establish a formal litho-
stratigraphy for the Lågerdorf-Kronsmoor-Hem-
moor section. The only effect would be the intro
duction of a lot of unnecessary new names. The 
very detailed lithostratigraphic scheme with num
bered guide horizons makes precise bed-by-bed 
collecting of fossil specimens and micro- samples 
possible and the detailed faunal zonation enables 
correlation with the chronostratigraphic units. 

Biostratigraphy (figs. 1-3) 

Macrofossils have been systematically collected, 
bed by bed, for the past thirty years in the quar
ries at Lågerdorf, Kronsmoor, and Hemmoor on 
the basis of a detailed lithostratigraphic scheme. 
A large collection of fossils is now available, even 
from the lower part of the section (Coniacian to 
Middle Santonian), where macrofossils are rela
tively rare. The several thousand specimens of 
belemnites, inoceramids, and echinoids in par
ticular allow a detailed biostratigraphic subdivi
sion of the combined section into 33 faunal zones. 
These zones are mainly range or concurrent 
range zones. Some are interval or assemblage 
zones. The Coniacian is divided into four zones, 
the Santonian into six, the Lower Campanian 
into seven, the Upper Campanian into six, the 
Lower Maastrichtian into six, and the Upper 
Maastrichtian into four. 

Preferably, members of evolutionary lineages, 
investigated in detail, were used for zonal divi
sion, e.g. the genera Gonioteuthis (G. Ernst 
1963a, 1964; G. Ernst & Schulz 1974), Belem-
nella (Schulz 1979), and Off aster/Galeola (G. 
Ernst 1971). Experience has shown that such evo
lutionary lineages, defined by simple, pro
gressively evolving characteristics, are very im
portant for a reliable correlation with other 
regions, especially if the sediments are of dif
ferent facies. The sudden appearance of a species 
whose ancestor is unknown (most of the classical 
guide fossils) is, of course, much more conve
nient for the definition of zonal boundaries, but 
the vertical ranges may be different in other re
gions. 

The zonal subdivision is based mainly on ino
ceramids (Cremnoceramus, Volviceramus, and 
Sphenoceramus) in the lower part of the section 
(Coniacian to Middle Santonian). In the Middle 
and Upper Santonian and in the Lower Campa
nian, members of the evolutionary lineages of 
Gonioteuthis and OffasterlGaleola are the most 
important guide fossils. In addition, the crinoids 
Uintacrinus socialis and Marsupites testudinarius 
are very useful for the subdivision of the Upper 
Santonian. The Upper Campanian is subdivided 
using species of the genus Belemnitella, irregular 
echinoids, and the ammonites Pachydiscus 
stobaei and Bostrychoceras polyplocum. 

The Lower Maastrichtian can be subdivided 
into six zones using members of the two parallel 
evolutionary lineages of the genus Belemnella. 
Since the investigation of the Belemnitella junior 
group (Schulz & Schmid in prep.) is not yet com
pleted, the Upper Maastrichtian has been provi
sionally subdivided using pteriomorphic pelecy-
pods (Tenuipteria, Spyridoceramus, and Oxyto-
ma) and the regular echinoid Tylocidaris baltica. 

The faunal zone succession worked out for the 
Lågerdorf-Kronsmoor-Hemmoor section can be 
used in nearly all sections in northwest Germany, 
e.g. Luneburg, Misburg, and Miinster basin, 
which are in more marly facies. Even extremely 
different facies like the Santonian "Trummererz" 
in the Salzgitter area can be correlated rather 
precisely with the Lågerdorf-Kronsmoor-Hem
moor section (G. Ernst 1968). 

Owing to the geographical location, the Lager-
dorf-Kronsmoor-Hemmoor section is an impor
tant link between the western and eastern Euro
pean Upper Cretaceous. Faunal elements of both 
provinces occur here. A rather precise correla
tion is possible, especially with the English Upper 
Chalk (e.g. G. Ernst 1963a, 1966; G. Ernst & 
Schulz 1974; Bailey, Gale, Mortimore, Swiecicki, 
& Wood 1983a) and the Maastrichtian of Lim-
burg (Schulz & Schmid 1983b). Parts of the 
Lagerdorf-Kronsmoor-Hemmoor section (e.g. 
the Lower Maastrichtian Belemnella sumensis 
zone) can even be very precisely correlated with 
sections in the northern Tethys region (Helvetian 
and Ultrahelvetian), where belemnites occur 
abundantly in some horizons (Schmid & Schulz 
1979; Schulz & Schmid 1983a). 

In addition to the macrofossil groups men
tioned above, several groups of macrofauna (e.g. 
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INOCERAM. BELENNITES 

flint bed (nodular) 

marl bed 

mart stam, double bedding plane 

clay streak bed 

burrow horizonfpyrite -

impregnated, 
coarse grained chalk 

ECHINOIOS 

III, r 

CR. 

3> 

5: 

contca/senior-zone 

gracilis/senior-z 

conica/gracitis-z. 

papitlosa-zone 

(ingua/quadrata-z. 

granulata-
quadrata-zone 
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granulata-zone 
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* * t ** * ••» -bvAvW 

piluta-zone 

Uintacrinus/ 
granulata-zone 

rogalae/ 
wes tfalicogr.-zone 

rogalae/ 
westfalico-zone 

coranguinum/ 
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pcchti/undula-
toplicatus-zone 

bucJproewestf.-z. 

'nvolutus/ 
bucailli-zone 

F 58 

M 3 

F t8 

F it 

F 37 
F 3i 
F 30 
F 28 

0 212 
B 215 
F 218 
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G 236 

G 2tl 

5«? 
F ISt 

Fig. 1. Stratigraphic ranges of the most important guide fossils in the Coniacian, Santonian, and Lower 

Campanian of Lagerdorf. 



[-
( 

C
/i 

Etf
s 

3
" 

(JO
 

tf
 

rø
 

C
. 

a.<
s 

o 
w

 
3.

-H
. II
 

' 
1 3 "8
 

C
A

M
P

A
N

I
A

 
N

 
U

P
P

E
R

 

I 

I 
—

 L
A

G
E

R
D

O
R

F
 W

K
R

Q
N

S
M

O
O

R
-^

T
-,

 
3

^ 
5 

! 

M
A

A
S

T
R

IC
H

T
IA

N
 

LO
W

E
R

 

S
C

H
U

LZ
, M

.-
G

., 
E

R
N

S
T

, 
G

..
E

R
N

S
T

, 
H

. 
I 

S
C

H
M

ID
, K

 (
I9

8i
) 

C
 

•o
 

G
on

io
te

ut
hi

s 
au

ad
ra

ta
 

gr
ac

ili
s 

B
el

em
ni

te
lla

 
ar

. 
m

uc
ro

na
ta

 
B

el
em

ni
te

lla
 

la
ng

et
' 

B
el

em
ni

te
lla

 
cl

 
na

jd
in

i 
B

el
em

ni
te

lla
 

ou
lc

hr
a 

B
el

em
ne

lla
 

la
nc

eo
la

ta
 

B
et

em
ne

lla
 

gr
ac

ili
s 

B
el

em
ne

lla
 

in
fla

ta
 

B
el

em
ne

lla
 

de
sn

en
si

s 

l 
B

el
em

ne
lla

 
ps

eu
do

bt
us

a 
B

el
em

ne
lla

 
ob

tu
sa

 
B

el
em

ne
lla

 
su

m
en

si
s 

P
ac

hy
di

sc
us

 
st

ob
ae

i 
B

os
tr

yc
ho

ce
ra

s 
po

ly
pl

oc
um

 
T

ra
ch

ys
ca

ph
ite

s 
sp

in
ig

er
 

H
op

to
sc

ap
hi

te
s 

co
ns

tr
ic

tu
s 

T
rig

on
os

em
us

 
pu

lc
he

llu
s 

G
at

er
ite

s 
vu

lg
ar

is
 

G
al

er
ite

s 
w

ol
le

m
an

ni
 

E
ch

in
oc

or
ys

 
co

ni
ca

 
E

ch
in

oc
or

ys
 

su
bg

lo
bo

sa
 

G
at

eo
la

 
pa

pu
lo

sa
 

ba
s i

 p
la

na
 

C
ar

di
as

te
r 

gr
an

ul
os

us
 

M
ic

ra
st

er
 

ar
. 

sc
hr

oe
de

ri 
/ 

al
vp

hu
s 

1 
M

ic
ra

st
er

 
gr

im
m

en
si

s 
Is

se
lic

rin
us

 
bu

ch
ii 

S O
 

O
 3 3 



Bulletin of the Geological Society of Denmark, vol. 33 1984 209 

ll 

r 
I. 

S
C

H
U

Li
 

= = m ± 3 . 

KIEL *J V = ^ 

C^ r~^ 

— ,~ \ KR0NSM00R \ ^ = 

'W ^~^\-^ERD0RF OB£CK 

~^k HEMMOOR^. r ^ ) 

» f M E I l t J ? S0.l"" \ ^ 

"" 

m F 

• * 80 

• 6 0 

•*t0 

*20 

• 0 

•-20 

• 

' 

t~ 

a; 

i j 

i t 

• ^ 

1 

I 

F flint bad 

M marl bid 

AUNAL ZONES LITHOSTRATIGRAPHY 

battica/ 
danica-zone 

danica/araentea-z 

argentea/ 
junior-zone 

tegulatus/ 
junior-zone 

fastigata-zone 

cimbrica-zone 

sumensis-zone 

I t / • • 

T f - - r • 

I M I I I I I I I ^ l l 

" 

- ' -

F 915 

F 9tl 

F 9i0 

F 935 
F 932 
F 929 

F 926 

F 92i 

F 920 
F 919 

F 912 

F 906 

F 902 

M 900 

F 889 

F 882 

F 876 

F 871 

F 868 

BIVALVES 

Sp
yr

id
oc

er
am

us
 

te
gu

ta
 tu

s 

m 

1 

— -

c 
a 

T3 

c o 
•i — 

» o 

0 -g 

^ ! 
i 1 
1 1 
1 

• — 

BELEMNITES AMMONOIDS ECHINOIDS 

B
el

em
ne

lla
 

su
m

en
si

s 

B
el

em
ne

lla
 

ci
m

b
ri

ca
 

1 
• 

B
el

em
ne

lla
 

g
ra

ci
lis

 

B
el

em
ne

lla
 

fa
st

ig
at

a 

B
el

em
ni

te
lla

 
gr

. j
un

io
r 

H
op

to
sc

ap
hi

te
s 

te
nu

is
tr

ia
tu

s 

H
op

to
sc

ap
hi

te
s 

co
ns

tr
ic

fu
s 

A
ca

nt
ho

sc
ap

hi
te

s 
va

ri
an

s 

1 

— — 

• 
1 

1 1 
~ 

A
ca

nt
ho

sc
ap

hi
te

s 
sc

hm
id

i 

Ty
lo

ci
da

ri
s 

he
m

m
oo

re
ns

is
 

Ty
lo

ci
da

ris
 

ba
tt

ic
a 

• 
1 

| 

~~ " 

1 1 

" ~ 

H
ag

en
ow

ia
 

et
on

ga
ta

 

1 
1 1 
1 

C 

fs
se

lic
rin

us
 

bu
ch

ii 

Fig. 3. Stratigraphic ranges of the most important guide fossils in the Lower and Upper Maastrichtian of 
Hemmoor. Corrections added in proof 1. Belemnella cimbrica is restricted to the cimbrica - and lower 
fastigata-zones. 2. Doubtful specimens of Spyridoceramus tegulatus have also been found in the Lower Maa-
strichtian at Hemmoor. 

Hagenowia: G. Ernst & Schulz 1971, Schmid 
1972; asteroids: Schulz & Weitschat 1971, 1975, 
1981), mesofauna (e.g. micromorphic brachio-
pods: Surlyk 1982; Isocrania: H. Ernst in press; 
serpulids: Jager 1983), and microfauna (e.g. ben-
thonic foraminifers: Koch in Ernst & Schulz 
1974, Koch in Schmid 1975, Koch 1977; ostra-
cods: Clarke 1982, 1983) have been studied in 
detail. Especially in the Coniacian and Santo-
nian, there is excellent correspondence between 
the micro- and macro-palaeontologically defined 
boundaries. Studies of the planktonic foramini
fers (W. Weiss, Hannover) and the calcitic nan-

noplankton (P. Cepek, Hannover) are planned as 
contributions to Schulz et al. (in prep.). 

Stage boundaries (fig. 4) 

In the following, the stage boundaries from the 
Coniacian to the Maastrichtian of the Krons-
moor-Lågerdorf-Hemmoor section are described 
and compared with other sections and some pro
posals for boundary definitions and stratotypes 
are given. Owing to their long absolute time du
ration, the substage boundaries of the Lower and 

14 D.G.F. 33 
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Fig. 4. Biostratigraphic definition of stage and substage boundaries in the composite White Chalk section of Lagerdorf-
Kronsmoor-Hemmoor. Additionally used key species are indented. 
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Upper Campanian and the Lower and Upper 
Maastrichtian are also discussed. 

Turonian/Coniacian boundary 
This boundary was not reached by the completely 
cored exploration borehole in the Schinkel quar
ry. Only the uppermost part of the Inoceramus 
(Cremnoceramus) deformis (Meek) zone, which 
is relatively thick in northwest Germany, is pres
ent in the bottom six metres of the core (G. Ernst 
& Schulz 1974, p. 12, Fig. 1). The /. deformis 
zone, which was previously assigned to the upper 
Turanian as defined by German stratigraphers, is 
now placed together with the underlying /. erec-
tus zone in the Lower Coniacian in conformity 
with international convention. 

Coniacian/Santonian boundary 
This boundary in Lagerdorf was originally defi
ned by the first occurrence of inoceramids of the 
pachtilcardissoides group (G. Ernst & Schulz 
1974, p. 16), following the definition proposed 
for northwest and east Germany by Seitz (1961. 
p. 36; 1965. p. 133), Troger & Haller (1966. p. 
88). According to Seitz (1961) the index fossil 
generally used for the Lower Santonian, Inocera
mus (Cladoceramus) undulatoplicatus Roemer, 
first occurs at other northwest German sites a 
short distance above the appearance of /. (Sphe-
noceramus) gr. pachtilcardissoides. Seitz called 
this interval the Sphenoceramus (1961) and car-
dissoides (1965) "Teilzone". But in Lagerdorf, 
small fragments of undulatoplicatus-like inocera
mids have been found at the same level as the 
first specimens of the /. pachtilcardissoides 
group. 

Because this species has the following advan
tages, we now propose to define the stage bound
ary with the appearance of J. undulatoplicatus: 
1. wide distribution in western and eastern Eu

rope and North America, 
2. abundant occurrence in a distinct level imme

diately above the boundary in several areas, 
(e.g. England and northern Spain), 

3. possibility of determination even in fragments 
and bore cores on the basis of the characteris
tic divergent ribs. 

Additionally, the Coniacian/Santonian junction 
is characterized by the extinction of several ino-
ceramid species near the boundary, in particular, 
/. involutus Sowerby, /. fasciculatus Heine, and /. 

subquadratus Schluter (Seitz 1965, Troger & Hal
ler 1966). 

Inoceramus subquadratus, which was used by 
Seitz for defining the Upper Coniacian in West
phalia, has not been found in Lagerdorf or 
Liineburg, probably owing to the different facies 
(see discussion in G. Ernst & Schulz 1974, p. 13). 

According to Koch (in G. Ernst & Schulz 1974. 
p. 15), the first appearance of Stensioeina granu-
lata polonica Witwicka (= St. praeexsculpta 
"form F") in Lagerdorf occurs exactly at the base 
of the Santonian as defined by inoceramids. 
Bailey et al. (1983b, p. 11), however, found this 
subspecies in samples from the Upper Coniacian 
(bucaillilpraewestfalica zone) of Lagerdorf. 

Species of the genus Texanites (/. texanum 
auct.) have been used for defining the base of the 
Santonian, especially in France. They occur 
rarely in Westphalia, but are not found in Lager
dorf, where ammonites are completely absent in 
this part of the section. 

Lagerdorf should not be used as stratotype for 
the Coniacian/Santonian boundary because this 
part of the section has recently been flooded and 
there are several indications for reduced sedi
mentation around the boundary (G. Ernst & 
Schulz 1974. p. 16). Suitable stratotypes for this 
boundary are the coastal section in Kent (south
ern England) and the cement quarry Olazagutia 
near Alsasua in Navarra (northern Spain). Both 
sections have been studied in detail during the 
last several years (Bailey et al. 1983a; G. Ernst, 
Lamolda et al., unpublished). Inoceramus undu
latoplicatus occurs in these sections together with 
other inoceramid species and a rich echinoid 
fauna. 

Santonian/Campanian boundary 
In northwest Germany, this boundary was for
merly set at either the base or the top of the range 
zone of Gonioteuthis granulataquadrata (Stolley) 
(= Upper "Granulaten-Senon" sensu Stolley 
1897, p. 281; 1930, p. 189). Both possibilities 
have been discussed in detail by Jeletzky (1958) 
and Schmid (1959). In the following years, the 
base of the granulataquadrata zone was accepted 
as the stage boundary by most authors since this 
level seems to coincide with the Santonian/Cam
panian boundary in France as defined by am
monites. 

Detailed analysis of the Gonioteuthis lineage in 

14* 
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Lågerdorf showed that the level of phylogenetic 
development of G. granulataquadrata from G. 
granulata in this section is exactly coincident with 
the extinction level of the free-living crinoid Mar-
supites testudinarius Schlotheim (G. Ernst 1963a, 
p. 107; 1966, p. 138; 1968, p. 275). M. testudi
narius, which had a nearly global distribution 
(Europe, Asia, Australia, Africa, North Ameri
ca), can be easily identified, even in fragments, 
and is normally very common, at least in Europe. 
The extinction of this species is very convenient 
for practical determination of the Santonian/ 
Campanian boundary in the field. This definition 
has been used by several authors (e.g. Diener 
1966, p. 15) for East Germany and Naidin (1983) 
for Russia. Bailey et al. (1983a,b) have set the 
boundary in southern England somewhat higher: 
at the top of the range of Uintacrinus angticus 
Rasmussen. 

Seitz (1965, p. 124) considered it possible that 
M. testudinarius found at some sites in West
phalia were within the lowermost Campanian 
(granulataquadrata zone), but G. Ernst (1968, p. 
275) demonstrated that the extinction of M. testu
dinarius is coincident with the transition level 
from G. granulata to G. granulataquadrata in all 
of the sections he had investigated. 

M. testudinarius is apparently very useful for 
determination of the Santonian/Campanian 
boundary. However, there is general agreement 
now that stage boundaries should not be defined 
by the extinction of a guide species. 

Therefore, we propose to define the Santonian/ 
Campanian boundary with the appearance (= 
phylogenetic development) of Gonioteuthis gra
nulataquadrata (Stolley). Since the phylogenetic 
development in the Gonioteuthis lineage was 
rather rapid at the Santonian/Campanian junc
tion, relatively small populations (ca. 10 speci
mens) are sufficient to reliably determine the 
boundary (G. Ernst 1964). In Lågerdorf this 
boundary is about 1 m above the base of the 
"Grobkreide" complex (see above). 

Owing to this facies change and since the 
boundary is rather poorly exposed, Lågerdorf is 
not suitable as a boundary stratotype. The coastal 
section in Sussex (southern England) would be 
suitable if enough Gonioteuthis material can be 
collected there. 

Scaphites hippocrepis (Dekay), which has been 
used for defining the base of the Campanian (e.g. 

Wiedmann 1979, p. 343, table 5), has not been 
found at Lagerdorf. In the Misburg area, it first 
occurs in the upper part of the Lower Campanian 
(Galeolapapillosa zone), but it is known from the 
lower part of the Lower Campanian in West
phalia (Schmid & G. Ernst 1975, p. 325, fig. 2). 

Inoceramids might also be useful for defining 
the boundary, but the exact ranges and the sys-
tematics are not sufficiently well known. Ino
ceramids of the lingualpatootensis group first ap
pear in our section in the middle part of the M. 
testudinarius zone (Seitz 1965, p. 134; Heinz 
1928). It is possible that the level of appearance 
of /. (Endocostea) balticus Bohm is nearly coinci
dent with the boundary proposed above. 

The appearance of Bolivinoides strigillatus 
(Chapman), which has a very wide distribution, is 
a very distinct micropalaeontological boundary. 
In Lågerdorf, B. strigillatus first appears at the 
base of the M. testudinarius zone (Koch in G. 
Ernst & Schulz 1974, p. 22, fig. 3). In the Han
nover area, the appearance of this species is defi
nitely much earlier: near the base of the U. so
cialis zone (Koch 1977, p. 18). In England, B. 
strigillatus first appears in the upper part of the 
U. socialis zone (Bailey et al. 1983a). 

Lower/Upper Campanian boundary 
This boundary in northwest Germany was for
merly defined either with the first occurrence of 
Belemnitella senior Nowak or with the extinction 
of the genus Gonioteuthis (G. quadrata gracilis 
(Stolley)). Both species occur together in a 10-20 
m thick horizon ("overlap-Bereich" = gracilis! 
senior Zone, Schmid 1959). 

According to Jeletzky (1958, p. 46), the bound
ary in west and northwest Europe is best defined 
with the extinction of the genus Gonioteuthis. 
Although there is general agreement that bound
aries, in principle, should not be defined by the 
extinction of guide species, this proposal has 
since been accepted by most authors since this 
definition has been very convenient. 

In Lågerdorf, the boundary has been set in a 
thin marl bed (B65) 0.15 m above the level at 
which the last representative of the genus 
Gonioteuthis has been found. The first rare speci
mens of Belemnitella senior in Lagerdorf occur 
about 12 m below this level (Schulz 1978, p. 79). 

The first occurrence of ammonites in the 
Lågerdorf section is in the Lower Campanian. 
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But it is difficult to use ammonites for defining 
the base or top of the gracilis!senior zone. Only 
Pachy discus stobaei Moberg may be suitable. In 
Lågerdorf, the first specimen of P. stobaei was 
found 1 m above the top of this zone (B65). In 
Misburg, however, small specimens of P. stobaei 
occur already in the upper part of the gracilis! 
senior zone (Khosrovschahian 1972, p. 41). 

Trachyscaphites spiniger (Schliiter), used for 
defining this boundary in other areas, e.g. Poland 
(Blaszkiewicz 1980, p. 13) and Spain (Wiedmann 
1979, table 5), first occurs in northwest Germany 
one zone higher in the lower part of the stobaei/ 
basiplana zone and is quite common in the mid
dle part of this zone in Misburg (Schmid & G. 
Ernst 1975, p. 338). In Lågerdorf, only one speci
men has been found in the lower part of the 
stobaei/basiplana zone (Schulz 1978, p. 80). 

The boundary as defined above (extinction of 
Gonioteuthis) can be recognized micropalaeon-
tologically by the appearance of Bolivinoides 
laevigatus Marie and Neoflabellina numismalis 
Wedekind (Koch 1977). 

The cement quarries of Misburg and Hover 
near Hannover provide a much better reference 
section for the Lower/Upper Campanian bound
ary than Lågerdorf. Belemnites, ammonites, and 
echinoids are much more common, the section is 
extremely well exposed and it has been inves
tigated in detail (G. Ernst 1963b, 1968; 
Khosrovschahian 1972; Abu-Maaruf 1975; 
Schmid & G. Ernst 1975). 

Campanian/Maastrichtian boundary 
The base of the Maastrichtian is defined at 
Kronsmoor by the appearance of Belemnella lan
ceolata (Schlotheim), which at the same time is 
the first occurrence of the genus Belemnella 
(Schulz 1978,1979). This definition was first pro
posed by Jeletzky (1951) for the boreal Upper 
Cretaceous and has since been generally accepted 
in northwest Europe. 

Hoploscaphites constrictus (Sowerby) has long 
been regarded as the most important index fossil 
of the Maastrichtian. It is, however, not useful 
for defining the boundary in any known section 
because it is very rare in the Lower Maastrichtian 
(Birkelund 1982, p. 21; Schulz 1978, p. 28). Most 
of the known occurrences of H. constrictus be
long to the Upper Maastrichtian, sometimes ex
tending into the upper part of the Lower 
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Maastrichtian, (e.g. in Limburg, Cotentin, Ba
varia, and in Denmark). 

The first occurrence of H. constrictus at 
Kronsmoor was found 3.5 to 5 m above the first 
occurrence of B. lanceolata, indicating that there 
is no significant difference between the levels of 
appearance of the two species. This is the earliest 
record of H. constrictus in northwestern and cen
tral Europe. But also at Kronsmoor, it is ex
tremely rare in the lower part of the Lower 
Maastrichtian. It does not become more common 
until the upper part of the Lower Maastrichtian 
{Belemnella sumensis zone) at Kronsmoor and 
Hemmoor (Birkelund 1982, fig. 1; Schulz 1978, 
p. 85). 

Therefore, the first occurrence of Belemnella 
lanceolata is proposed for the definition of the 
Campanian/Maastrichtian boundary and Krons
moor is proposed as boundary stratotype, as sug
gested earlier by Surlyk (1975,1982, p. 260) and 
Schulz (1978, p. 84). This quarry will stay open 
and even be enlarged in the next several decades. 
Since there are no sedimentological signs of a 
hiatus at this level, the most complete and pa-
laeontologically best documented section of the 
Campanian/Maastrichtian boundary known in 
northwest Europe is apparently the one at Krons
moor. 

Pachydiscus neubergicus (Hauer), which has 
also been considered for defining the lower 
boundary of the Maastrichtian, is known in 
northwest Germany only in the upper part of the 
Lower Lower Maastrichtian (Belemnella obtusa 
zone) of Luneburg (Schluter 1871-76, Schmid 
1955, Schulz 1979). Blaskiewicz (1980) regarded 
this form as a separate subspecies (P. neubergicus 
rarecostatus). P. neubergicus neubergicus in Po
land is restricted to the upper part of the Lower 
Maastrichtian. 

Bostrychoceras polyplocum (F. A. Roemer) 
has often been used as guide fossil for the upper
most Campanian. But in northwest Germany this 
species is restricted to the lowermost part of the 
Upper Upper Campanian: at Lågerdorf ca. 70 m 
and at Liineburg ca. 40 m below the Campanian/ 
Maastrichtian boundary (Schulz 1978, fig. 3). 

Lower/Upper Maastrichtian boundary 
This boundary is generally defined with the ap
pearance of Belemnitella junior Nowak 1913 (Je
letzky 1951). 
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In Hemmoor, the earliest B. ex gr. junior was 
found 4.9 m above the conspicuous marl layer 
M900 (Schulz & Schmid 1983b, p. 25). This layer, 
which probably indicates a short interruption of 
chalk sedimentation (H. Ernst 1982), is a very 
characteristic lithostratigraphic marker horizon. 
Similar marl layers occur at the same level in 
Denmark (e.g. Hillerslev and Rørdal) and on 
Rugen. The stratigraphic position in these lo
calities is additionally established by the ap
pearance of the brachiopod Meonia semiglobu-
laris (Posselt) immediately below the marl layer 
(Surlyk 1970). 

The inoceramid Tenuipteria argentea (Conrad), 
which has a very wide distribution in the northern 
hemisphere, is apparently a useful index fossil for 
the Upper Maastrichtian (Dhondt 1983). Its ap
pearance in Hemmoor is definitely much later 
than that of Belemnitella junior. This corresponds 
quite well with the findings in Limburg, where T. 
argenta is known only in the Maastricht Forma
tion (Dhondt 1983, fig. 2), which spans only the 
upper part of the Upper Maastrichtian (Schulz & 
Schmid 1983b, fig. 3). 

Dansk sammendrag 

Fire store kridtgrave i Nordtyskland viser et kombineret profil i 
skrivekridtfacies gående fra mellem coniacien til øvre maas-
trichtien. Mægtigheden af dette profil er 570 m, og det er blevet 
inddelt biostratigrafisk i 33 zoner på basis af echinodermer, 
belemniter, muslinger og ammonitter. 

Følgende forslag fremsættes for definition af etage grænser: 
(1) campanien-maastrichtien grænsen defineres ved første fore
komst af Belemnella lanceolata; denne grænse er næsten iden
tisk med første forekomst af Hoploscaphites constrictus. (2) 
santonien-campanien grænsen defineres ved det phylogenetiske 
skifte fra Gonioteuthis gramdata til G. granulataquadrata; 
denne grænse er identisk med sidste forekomst af Marsupites 
testudinarius. (3) coniacien-santonien grænsen defineres ved 
første forekomst af Inoceramus (Cladoceramus) undulatoplica-
tus; denne grænse er næsten identisk med første forekomst af /. 
pachtilcardissoides gruppen. 
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