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USE OF GRAPHIC CORRELATION FOR ASSESSING 

EVENT-STRATIGRAPHIC SIGNIFICANCE AND trans-ATLANTIC 

RELATIONSHIPS OF ORDOVICIAN K-BENTONITES 

More than 60 separate volcanic ash beds, generally referred to as 
K-bentonites, are known from Ordavieian successions within a more than 
l million km2 !arge area in North America that extends from the eastern 
Appalachians westwards to Iowa and Minnesota. Ordavieian K-bentonites 
occur in an even larger area in Europe from the British Isles to eastern 
Baltoscandia and Poland. The largest number of individual beds recorded 
is in Scania, southernmost Sweden where close to 200 beds have been 
recognized. A volcanic eruption lasts a very brief time geologically and 
an ash bed represents as close an approximation of a regionally distri­
buted time-plane as one is Iikely to find in nature. Hence K-bentonites 
have great potential as event-stratigraphic markers, provided individual 
beds can be traced laterally with confidence. Based on harizontal tracing 
and on biostratigraphy, individual beds have been used for local and 
regional correlations both in North America (Kay, 1935; Bergström, 1982) 
and Europe (Bergström, Nilsson, 1974). A recent advance is using che­
mical fingerprinting techniques for tracing single beds regionally (see, 
for instance, Kola ta et al., 1986). 

The present study is an attempt to assess the biostratigraphic and 
event-stratigraphic significance of individual K-bentonite beds, as well 
as complexes of beds, by means of conodont-based graphic correlation 
techniques as weil as more conventional conodont and graptolite bio­
stratigraphy. Extensive recent studies, particulary those invalving non­
benthic fossils, have led to considerable refinement of the Ordavieian 
biostratigraphy in North America. For instance, the Graphic earrelation 
eomposite standard Section (eSS) established for the upper Middle and 
Upper Ordavieian by Sweet ( 1984, 1988) has a conceptual resolution of 
about 462,000 years. Although in some cases the resolution in practice is 
likely to be somewhat lower, the use of this method makes it possible to 
define the stratigraphical position of individual K-bentonite beds in terms 
of ess units in graphically correlated sections with a previously unobtain­
able precision. This provides us with a new insight into the K-bentonite 
bed distribution patterns in time and space not only in North America but 
also in northwestern Europe. The present contribution summarizes some 
highlights from my ongoing studies in this field but space limitations 
make it necessary to postpone publication of a !arge amount of data used 
in this research. 

North America 

The vast majority of the North American Ordovician K-bentonites 
occur in the upper Middle and lower Upper Ordavieian (upper ehazyan 
through lower Edenian). Only two older occurrences are known to me, 

55 



en
 

a>
 

S
E

R
. 

(/)
 

�
 

a:
 

UJ
 

(/)
 z < >= 

S
T

A
G

E
S

 
M.

C. 
CO

NO
DO

NT
 Z

O
NE

 

�
 ? 

�
 1�s6

s6 
S

h
a

tz
e

ri
 Z

on
e 

l 
R

 IC
HM

ON
DI

AN
 

ST
AG

E 119
7 

M
A

Y
S

V
IL

L
IA

N
 

Di
ve

rg
en

s 
Zo

ne
 

z < :J 
1210

 
::: 

G
ra

n
d

is
 

Zo
ne

 
(:J

 

N
 .

Y
. 

IO
UE

B
E

C 
l P

E
N

N
S

. 
l T

EN
N.

 
ALA

. 
s .

w
. 

VI
RG

. 
N.

 V
A

. 
M

IN
N

 

IO
W

A 
lE.

 
TE

NN
. 

81
4 

K
Y

. 

K-
8E

NT
0

N
i7

E 
B

E
D

 
CO

M
PL

EX
ES

 

B
R

A
IN

A
R

 D
 

�12
66 

� 
l 

S
T

A
G

E
 

� 
113

6 

117
7 

l� 
11

5 7
 _R

_o _b _
u _s_tu_s_z_o_n_e_--l

 < 

Ve
lic

us
pi

s 
Zo

ne
 

t-
-115

7-­
RIF

LE
 H

IL
L 

(4)
 

z u 
'E

DE
NI

A
N

 S
T

A
G

E
 

:10
4 

--
------t 

1-
7 --t=

=-=1 
r-

- 11
04

 
-

-

1-
7- ) 

1-
--lhr--- 106

 3 
C

o
n

fl
u

e
n

s 
Z::m

e 
�

10
60

 
DE

N
LE

V 
(>1

5i 
� 

S
H

E
R

M
A

N
IA

N
 

z 
S

U
B

S
T

A
G

E
 

o
 

10
25

 
10

36
 �

 
tv

 

T4
 

• 
13

be
ds

 
/8

13
 

l 
>­ Zb:

::-:
:-:=

�
-:-:-:1

 
(/)

 
� 

KI
RK

FIE
LD

IA
N 

� 
� 

RO
CK

LA
ND

. 
9

89
 

--
T

e
n

u
/s

 
Zo

ne
 

� 
T5ll

l 
/M

 
t:

::ill:t.8c" 
MC

 
�

 9 6
§ 

HA
G

A
N 

98
9 

u 
J

 9b
ed

s 
• 

'D
 

�
 96

o 
(>

30
) 

UJ
 

t-·-'-
-----

U
n

d
a

tu
s 

Zo
ne

 
O

 

_g.
 

C1
0b

�d
 

9
44

 
--.

 

9 6
8 

� 
, 

• 

ST
RA

S8
UR

G 

(1)
 

z
 :!: "'
 s: <
 

I o
 

::;
 

z :!: "'
 

u
 f/)

 
o

:.:
:! 

"'
"'

 
UJ

 
lU

 
�

(/)
 

� 

BLA
CK

 

C
o

m
p

re
ss

a
 

Zo
ne

 
� 

T1
 T

2 T
3 

�
9

15
 

(1) 
944

 
u

 

O
ua

dr
id

ac
ty

lu
s 

Zo
ne

 
RI

VE
RI

A
N 

97
3 

11i1
!111

11! j
]!: 

ST
AG

E 
l 

�������·�
�����i 

A
c

u
le

a
ta

 
Zo

ne
 

��������l��:
11J: 

80
9

 i-
so

7 
_

 
tJIIII J

'! 
CH

AZ
Y :N 

l 
" S

w
ee

t/
 Z

on
e.

. 
.� ��

� � �� � �
. � i 

ST
AG

c 
757

 
� 

l' il 
II i ���

 i 
F

ri
e

n
d

sv
iil

e
n

s
is

 
Z.:

:me 
� ti

ll!!lil 
!li[i 

l[l!
illi

l!!i
lii 

'111,1 ;�
� .�� ll' f 

;"':,�;,;r�
 

il" 
I IIIII

 
Il 

:,Il
 

IIIIi
iiii

 
Jil

!,l 
1111 

�
73

-

UM
8L

ING
 

RU
N (�

5) 
80

7--
M

O
SH

E
I M

 
(5)

 
�7

62 
t-

-75
7--

F
i g

. 
l. 

C
o

m
p

a
ri

so
n

 
o

f 
K

-b
en

to
n

it
e 

b
ed

 
C

S
S

 
p

o
si

ti
o

n
s 

in
 

O
rd

a
v

ie
ia

n
 

k
ey

 
a

re
a

s 
in

 
N

o
rt

h
 

A
m

er
ic

a
. 

C
S

S
 v

a
lu

es
 o

f 
st

ra
ti

g
ra

p
h

ic
 

b
o

u
n

­
d

a
ri

es
 a

ft
er

 
S

w
ee

t 
(1

9
8

4
, 

19
8

8
).

 
N

a
te

 
t h

a
t 

b
o

u
n

d
a

ri
es

 
o

f 
K

-b
en

to
n

it
e 

ca
m

p
le

x
 i

n
 te

rv
a

ls
 

co
in

ci
d

es
 

w
it

h
 

M
id

co
n

ti
n

en
t 

(M
. 

C.
) 

co
n

o
­

d
o

n
 t 

zo
n

c 
b

o
u

n
d

a
ri

es
. 

F
ig

u
re

s 
w

it
h

in
 

p
a

re
n

th
es

is
 

re
fe

r 
to

 
n

u
m

b
er

 
o

f 
K

-b
en

to
n

it
e 

b
ed

s 
in

 e
a

ch
 c

o
m

p
le

x
. 



one from western Newfoundland (three beds in the Llanvirnian; Finney, 
Skevington, 1979) and one in eastern Tennessee (probably Ltanvirnian; 
Laurence, 1944). As shown in the summary diagram (Fig. 1), K-bentonite 
beds are also quite rare in the uppermost Ordovician, being known from 
just a few localities. 

There are K-bentonites in several of the sections included in Sweet's 
(1984, 1988) ess and the position of these can be readity defined in 

terms of ess units. In the case of sections not included in the ess at 
the time being, traditional conodont biostratigraphy can be used to locate 
Sweet's eSS-defined zonal boundaries, and K-bentonite levels expressed 
in ess divisions can then be established by interpolation. Obviously, 
there will be an error using this procedure but it is probably less than 
10 ess units in most cases. 

Some conspicuous, geographically widespread, and much studied 
K-bentonite beds such as the Deicke (D) and the Millbrig (M) have 
received geographical names to facilitate reference but it is clearly both 
inappropriate and impossible to name each of the dozens of beds present 
in some sections. However, many, if not most, beds tend to occur in bed 
complexes within definable stratigraphic intervals, and for convenience 
of reference, seven such complexes are narned and defined in terms of 
ess units in Fig. l. The number of beds in each complex varies from one 
(Brainard) to more than 30 (Hagan). As shown in Fig. l, the preservation 
of individual beds, or bed complexes, varies greatly geographically and 
this is believed to be mainly a function of conditions in the depositional 
environment although it cannot, of course, be ruled out that some of the 
ash falls did not reach all parts of eastern North America because of pre­
vailing winds and other factors. It is, however, clear that the low-energy 
deeper-water dark shale successions in New York contain more K-ben­
tonite beds than the coeval higher-energy shallower-water carbonate 
sequences in Alabama and Pennsylvania. Obviously, the unusually thick 
and widespread beds, such as the Deicke and the Millbrig, have the great­
est potential as regional event-stratigraphic markers but as suggested by 
Fig. l, several thinner, stratigraphically more or less isolated, beds may 
prove to be equally useful, at !east locally. Yet the distribution of such 
relatively inconspicuous beds remains poorly known regionally, and much 
additional study is needed to assess their significance. 

Comparison with Baltoscandia 

The vertical-distribution pattern of Ordovician K-bentonites in Balto­
seandia exhibits a rather striking general similarity to that of eastern 
North America in having a marked concentration of beds in the upper 
Middle Ordovician (including the presence of two unusually thick beds) 
and the presence of only single beds in the Upper Ordovician. A signifi­
cant difference is that 30 beds are known from the Arenigian and Llan­
virnian of south Sweden (Fig. 2) whereas only a few beds are known from 
the North American Llanvirnian and none from the Arenigian. It should 
be noted, however, that this stratigraphical interval is not weil represented 
regionaity in eastern North America due to the Whiterockian regression, 
and w hen rocks of this a ge are present, in most cases the i r f acies is not 
very favourable for the preservation of volcanic ash beds. 

Because Sweet ( 1984) defined the levet of som e of the North Atlantic 
conodont zone boundaries in terms of ess units, these ess levels can 
be transferred directly into the succession in Baltoscandia, and the posi­
tion of K-bentonite beds established, at !east approximately, in ess units 
by interpolation based on stratigraphic thickness between defined levets. 
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Using this procedure, a comparison can be made between the Fågei­
sång succession in Sean i a (Bergström, Nilsson, 197 4) , w h ich is here u sed 
as standard, and a composite one for eastern North America (Fig. 2). It 
is especially striking that the two most prominent beds in Baltoscandia 
(including the "Big Bentonite Bed") have a CSS position closely similar 

to that of the two most prominent beds (the Deicke and the Millbrig) in 
North America. Interestingly, 40Ar-39Ar ages of about 455 m. y. have been 
obtained for both the Deicke and the "Big Bentonite Bed" (Kunk et al., 
1984). Judging from Fig. 2, the clasest counterpart to the Deicke would be 
the thick bed just below the "Big Bentonite Bed" but chemical finger­
printing studies are required to establish whether or not they are Iikely 
to represent the same ash fall (s). Several beds are traceable over large 
areas, and are good event-stratigraphic markers, in Baltoscandia (Berg­
ström, Nilsson, 1974) but precise trans-Atlantie earrelations are still con­
sidered premature although the study of Fig. 2 certainly suggests several 
such correlations. The trans-Atlantie general similarity in the temporal 
distribution pattern may be interpreted as suggesting periodic volcanic 
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adivity in a common source area in the northern Iapetus but additional 
studies are needed to clarify whether or not some of the ash falls are 
Iikely to have originated from the same eruptions. Be that as it may, 
these ash falls are certainly among the largest known in the Earth's 
history, in all prohability significantly larger than the recently much 
discussed dust clouds proposed associated with the terminal Cretaceous 
extinction event. In view of this, it is of interest to note that the regional 
effects of the Ordavieian ash falls on the preservable portion of the orga­
nism world appear to have been relatively modest without global extinc­
tion events. 
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GRAAFILISE KORRELATSIOONI KASUTAMISEST ORDOVIITSIUMI 
K-BENTONIITIDE SONDMUSSTRATIGRAAFILISE TÄHTSUSE JA 

TRANSATLANTILISTE SUHETE SELGITAMISEL 

K-bentoniitide maksimaalne levik nii Pöhja-Ameerikas kui ka Skandinaavias langeb 
keskordoviitsiumi teise poolde. Graafilise meetodiga on näidatud, et köige markantse­
mad bentoniidikihid esinevad mölemal pool ookeani praktiliselt iihel tasemel. See osutab 
nende suurele potentsiaalile siindmusstratigraafilisel korrelatsioonil. 

C. M. EEPFCTPEM 

J.tCnOJib30BAHJ.tE METOAA fPA«<lJ.tqECKOA KOPPEJl$1UJ.tJ.t nPJ.t OUEHKE 
3HAqEHJ.t$1 K-EEHTOHJ.tTOB B COEbiTJ.tAHOA CTPATJ.tfPA«<lJ.tJ.t J.t TPAHC­

ATJIAHTJ.tqECKOA KOPPEJl$1UJ.tJ.t 

MaKCHMaJJbHOe pacnpocTpaHeHHe K-6eHTOHHTOB KaK B CeBepHoii AMepaKe, TaK H B 
CKaH.D.HHaBHH na.n.aeT Ha BTopyJO noJJOBHHy cpe.n.Hero op.n.oBHKa. DpH noMOI.I..\H rpacjJH'IeCKoii 
KOppeJJ!lll,HH ycTaHOBJJeHO, '!TO HaHÖOJJee MOI.I..\Hble CJJOH 6eHTOHHTOB Ha OÖOHX 6eperaX 
oKeaHa Haxo.n.HTCH npHMepHo Ha o.n.HoM ypoBHe. Eho OTKpbiBaeT 6oJJbUJHe B03MO:lKHOCTH .D.JJH 
KoppeJJHpOBaHHH HX Ha COÖbiTHHHOH OCHOBe. 
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