
Bohacs et al.  Data Repository 2014035 

DR-Figure 1: Core, outcrop, and thin section images showing examples of the sedimentary 
structures recognized and plotted in our Figures 1 and 2.   



DR-Table 1: Stratigraphic units included in study. 

 
     Unit      Area Age 

Storm 
Wave 

River 
Flood 

Tidal 
Current 

 Sisquoc Fm       southern California       Pliocene ++ ++  
 Rincon Fm southern California Miocene +++   
 Urenui Fm Taranaki basin, NZ Miocene +++  + 
 Antelat Fm Sirte basin, Libya Eocene ++  + 
 Colorado Sh W. Canada basin L. Cretaceous +++ ++ + 
 Iabe Fm west Africa L. Cretaceous ++   
 White Chalk Subgroup United Kingdom L. Cretaceous +++  + 
 Carlile Sh western USA L. Cretaceous +++ + + 
 Pierre Sh western USA L. Cretaceous ++ + + 
 Mancos Sh western USA L. Cretaceous ++ ++ + 
 Tropic Sh western USA L. Cretaceous +++ ++ + 
 Blue Gate Sh western USA L. Cretaceous +++ ++  
 Tununk Sh western USA L. Cretaceous ++ ++  
 Niobrara Fm western USA L. Cretaceous ++  + 
 Eagle Ford Sh Texas L. Cretaceous ++  + 
 2nd White Speckled Sh W. Canada basin L. Cretaceous ++  + 
 Green Horn Ls Colorado E. Cretaceous ++  + 
 Shilaif Fm    Arabian Platform    mid Cretaceous ++   
 Belle Fourche Sh western USA E. Cretaceous + + + 
 Graneros Sh western USA E. Cretaceous ++  + 
 Mowry Shale      western USA E. Cretaceous +++  + 
 Thermopolis Sh western USA E. Cretaceous ++ + + 
 Skull Creek Sh western USA E. Cretaceous ++  + 
 Toolebuc Fm  Eromanga basin     E. Cretaceous ++   
 Torok Fm  north Alaska E. Cretaceous ++ + + 
 Pebble Sh Fm north Alaska E. Cretaceous +++  + 
 Bossier Sh Gulf Coast, USA E. Cretaceous ++ +  
 Haynesville Fm Gulf Coast, USA L. Jurassic +++  + 
 Kimmeridge Clay Wessex, N. Sea basins L. Jurassic +++  + 
 Vaca Muerta Neuquen basin, Argentina L. Jr – E. K.  ++ + ++ 
 Kingak Fm      north Alaska   E. Jr – E. K. +++ + + 
 Lower Oxford Clay  Weald/Channel basin   M. Jurassic +++   
 Schistes Carton      Paris basin           E. Jurassic +++   
 Whitby Mudstone    Cleveland basin, U.K.      E. Jurassic +++  + 
 Posidonia Shale      Northwest Europe    E. Jurassic +++  + 
 Cleveland Ironstone Cleveland basin, U.K. E. Jurassic ++ + + 
 Nordegg Fm Fernie basin, Canada E. Jurassic +++   
 Jet Rock Fm Cleveland basin, U.K.  E. Jurassic +++   
 Blue Lias Fm Somerset E. Jurassic +++  + 
 Shublik Fm north Alaska Triassic +++ + + 
 Kavik Fm north Alaska Triassic ++ + + 
 Snadd Fm Barents Sea basin M. Triassic +++  + 
 Steinkobbe Fm Barents Sea basin M. Triassic +++  + 
 Doig Fm W. Canada basin M. Triassic +++   
 Montney Fm W. Canada basin M. Triassic ++   
 Cutoff Fm Permian basin, USA L. Permian ++  + 
 Phosphoria Fm W. Interior basin, USA E. Permian +++  + 
 Chimney Rock Shale Paradox basin L. Carboniferous ++  ++ 
 Gothic Shale Paradox basin L. Carboniferous ++  ++ 



 Barnett Sh Fort Worth basin E. Carboniferous +++ +  
 Woodford Fm Texas, Oklahoma E. Carboniferous +++ +  
 Excello Shale    Central USA     E. Carboniferous ++  + 
 Bakken Fm Williston basin L. Dev. – E. Carb.  +++  + 
 Chattanooga-Ohio Shale   Appalachian Basin L. Devonian +++ +  
 New Albany Sh Illinois basin L. Devonian +++ +  
 Exshaw Fm W. Canada basin L. Devonian +++  + 
 Canol Fm Yukon/NWT basin L. Devonian +++   
 Fort Simpson Fm W. Canada basin L. Devonian ++ +  
 Muskwa mbr, HRF* W. Canada basin M.-L. Devonian +++   
 Otter Park mbr, HRF* W. Canada basin M. Devonian +++   
 Evie mbr, HRF* W. Canada basin M. Devonian +++   
 Duvernay Sh W. Canada basin M. Devonian +++  + 
 Marcellus Sh Appalachian basin M. Devonian +++ ++  
 Wenlockian Sh Poland E. Silurian +++ +  
 Caradocian Sh Poland L. Ordovician +++   
 Utica Sh Eastern USA L. Ordovician ++   
       
       

 

* HRF = Horn River Fm   +++ = commonly observed 
++    = occasionally observed 
+       = sparsely observed 
blank = not observed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



DR Figures 2 – 12: Graphic data in the form of detailed description logs for specific 
examples of each parasequence type. SWD = storm-wave-dominated; RFD= river-flood 
dominated; TCD = tidal-current-dominated. 
 
1. DR Figure 2: SWD: Pz, Llandoverian Sh, Poland 
2. DR Figure 3: SWD: Pz, Marcellus Fm, Pennsylvania 
3. DR Figure 4: SWD: Mz, Kimmeridge Clay Fm, England 
4. DR Figure 5: SWD: Mz, Haynesville Fm, east Texas 
5. DR Figure 6:  SWD: Mz, Eagle Ford Fm, south Texas 
6. DR Figure 7: SWD: Cz, Clayton Fm, Alabama 
7. DR Figure 8: RFD: Pz, Hamilton Group, east Kentucky 
8. DR Figure 9: RFD: Mz, Mesa Verde Group, Colorado 
9. DR Figure 10: RFD: Cz, Fleming Group, south Louisiana 
10. DR Figure 11: TCD: Mz, Curtis Fm, Utah 
11. DR Figure 12: TCD: Cz, Miri Fm, Borneo 
12. DR Figure 13: Legend for symbols used in graphic summary descriptions.  

 
 

 
Supplemental information about statistical approach: To quantify the number of 

parasequence types, data were gathered into an RC contingency table of R independent 
populations/cases (that each represents one stratal unit/parasequence) and C categories 
of sedimentary structures or attributes. In this table, each row was viewed as 
independently sampled from a mixture model with an unknown number of components 
(cf. Quintana and Silva, 2006; Dasgupta and Raftery, 1998). This array could then be 
subjected to a variety of cluster-analysis algorithms, including multinomial sampling and 
first-order Markov chain analysis as well as standard tests for comparing discrete 
distributions (Pearson’s Chi-Squared, etc.). This approach goes beyond the standard 
tests (that yield yes-no answers) by identifying clusters a priori and measuring the 
degree of difference among distributions.  
 
References: 
 
Dasgupta, A., Raftery, A.E., 1998, Detecting features in spatial point processes with 
clutter via model-based clustering. Journal of the American Statistical Association, v. 93, 
p. 294-302. 
 
Quintana, F.A., Silva, A., 2006, Testing for differences among discrete distributions: an 
application of model-based clustering. Brazilian Journal of Probability Statistics v.20, p. 
141-152. 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
DR Figure 2: Summary of detailed description of a representative storm-wave-dominated 
parasequence from the Paleozoic Llandoverian Shale (Llandoverian), Podlasie basin, Poland, 
based on conventional cores.  



 

DR Figure 3: Summary of detailed description of a representative storm-wave-dominated 
parasequence from the Paleozoic Marcellus Formation (Givetian), Pennsylvania, Appalachian 
basin, based on conventional cores.  
 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
DR Figure 4: Summary of detailed description of a representative storm-wave-dominated 
parasequence from the Mesozoic Kimmeridge Clay Formation (Kimmeridgian), Wessex basin, 
based on outcrop observations.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
DR Figure 5: Summary of detailed description of a representative storm-wave-dominated 
parasequence from the Mesozoic Haynesville Formation (Kimmeridgian), east Texas basin, 
based on conventional cores.  
  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DR Figure 6:  Summary of detailed description of a representative storm-wave-dominated 
parasequence from the Mesozoic Eagle Ford Formation (Cenomanian), south Texas basin, based 
on conventional core.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DR Figure 7: Summary of detailed description of a representative storm-wave-dominated 
parasequence from the Cenozoic Clayton Formation (Danian), Alabama, based on outcrop 
observations. Ostracods identified using Smith, 1978, Ostracoda of the Prairie Bluff Chalk, 
Upper Cretaceous, (Maestrichtian) and the Pine Barren member of the Clayton Formation, 
Lower Paleocene (Danian) from exposures along Alabama State Highway 263 in Lowdnes 
County, Alabama. Transactions--GCAGS vol. 28, p. 539-579. 
 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

 
 
DR Figure 8: Summary of detailed description of a representative river-flood-dominated 
parasequence from the Paleozoic Hamilton Group (Mississippian), eastern Kentucky, based on 
conventional core.  
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DR Figure 9: Summary of detailed description of a representative river-flood-dominated 
parasequence from the Mesozoic Mesa Verde Group (Campanian), Colorado, based on outcrop 
observations.  
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
DR Figure 10: Summary of detailed description of a representative river-flood-dominated 
parasequence from the Cenozoic Fleming Group (Miocene), south Louisiana, based on 
conventional core.  
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DR Figure 11: Summary of detailed description of a representative tidal-current-dominated 
parasequence from the Mesozoic Curtis Formation (Oxfordian), Utah, based on outcrop 
observations.  
 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
DR Figure 12: Summary of detailed description of a representative tidal-current-dominated 
parasequence from the Cenozoic Miri Formation (Miocene), Borneo, based on outcrop 
observations.  
 

 

 



 

DR Figure 13: Legend for symbols used in graphic summary descriptions in DR-Figures 3 to 
12, and in text Figures 1 and 2. 
 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Ea
gl

e 
Fo

rd
 S

h
W

el
l A

W
el

l B
S

to
rm

 W
av

e 
do

m
in

at
ed

Th
ic

kn
es

s 
(ft

):
11

14
.5

15
.5

10
.2

17
5

13
.6

11
6

11
.5

19
.2

10
.3

11
.9

16
.1

13
.4

17
.8

17
.1

9.
3

3.
3

7.
1

P
's

eq
 1

P
's

eq
 2

P
se

q 
3

P
se

q 
4

P
se

q 
5

P
se

q 
6

P
se

q 
7

P
se

q 
8

P
se

q 
9

P
se

q 
10

P
se

q 
11

P
se

q 
12

P
se

q 
13

P
se

q 
14

P
se

q 
15

P
se

q1
P

se
q 

2
P

se
q 

3
P

se
q 

4
P

se
q 

5
Ea

gl
e 

Fo
rd

 S
um

m
ar

y
N

or
m

al
iz

ed
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
Sc

ou
r (

on
ly

)
12

.5
0

14
3

3
4

4
3

13
1

4
14

0
6

11
7

6
5

8
17

14
12

5
6

Pl
an

ar
 b

ed
2.

88
33

1
2

2
0

2
0

0
1

11
4

5
1

4
0

0
0

0
0

0
0

Cu
rr

en
t R

ip
pl

e
5.

24
60

0
0

4
2

5
0

4
4

0
9

0
2

11
8

6
3

0
1

0
1

G
ra

de
d 

be
d

7.
34

84
0

1
5

5
2

0
4

0
12

7
12

5
7

12
0

2
0

7
2

1
W

av
e 

Ri
pp

le
37

.0
6

42
4

8
21

19
5

33
7

25
2

1
10

33
17

13
26

25
57

52
27

16
27

Co
m

bi
ne

d-
flo

w
 R

ip
pl

e
1.

75
20

0
0

3
1

0
0

0
1

6
3

0
0

0
2

1
1

1
1

0
0

W
ES

G
F 

be
d*

25
.4

4
29

1
7

15
22

0
22

6
32

27
5

0
11

7
11

14
22

28
19

23
3

17
La

gs
3.

06
35

3
0

2
0

2
0

0
1

3
2

3
1

2
5

0
4

6
1

0
0

Tu
rb

id
ite

0.
00

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
G

ut
te

r c
as

t
0.

70
8

1
1

0
0

1
0

0
1

2
2

0
0

0
0

0
0

0
0

0
0

Hu
m

m
oc

k
0.

17
2

0
0

1
0

0
0

0
0

0
1

0
0

0
0

0
0

0
0

0
0

W
at

er
 E

sc
ap

e
0.

00
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Co
nv

ol
ut

e
0.

52
6

0
0

1
0

1
0

0
1

0
0

1
0

0
0

0
1

1
0

0
0

Fl
as

er
/W

av
y/

Le
nt

ic
ul

ar
 b

ed
3.

32
38

1
0

1
1

2
0

0
6

0
0

0
0

0
0

8
3

9
7

0
0

Bi
ot

ur
ba

te
d

18
2

10
14

26
12

11
6

7
10

0
14

24
11

15
17

5
7

32
0

2
3

w
ith

ou
t '

B
io

tu
rb

at
ed

'; 
n 

=
10

0
11

44
24

44
64

17
83

14
69

58
40

44
76

51
54

72
70

11
6

10
2

79
26

52

Cl
ev

el
an

d 
Iro

ns
to

ne
 A

vi
cu

la
-R

ai
sd

al
e 

in
te

rv
al

O
ut

cr
op

 A
S

to
rm

 W
av

e 
do

m
in

at
ed

Th
ic

kn
es

s 
(ft

):
3.

3
3.

3
3.

3
2.

95
P

's
eq

 1
P

's
eq

 2
P

's
eq

 3
P

's
eq

 4
Cl

ev
el

an
d 

Iro
ns

to
ne

 S
um

m
ar

y
N

or
m

al
iz

ed
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
C

ou
nt

s
Sc

ou
r (

on
ly

)
9.

24
23

7
5

6
5

Pl
an

ar
 b

ed
1.

20
3

1
1

0
1

Cu
rr

en
t R

ip
pl

e
1.

61
4

1
1

1
1

G
ra

de
d 

be
d

14
.8

6
37

10
11

9
7

W
av

e 
Ri

pp
le

43
.3

7
10

8
39

27
24

18
Co

m
bi

ne
d-

flo
w

 R
ip

pl
e

3.
61

9
2

2
1

4
W

ES
G

F 
be

d*
17

.6
7

44
14

14
10

6
La

gs
1.

20
3

0
1

0
2

Tu
rb

id
ite

0.
00

0
0

0
0

0
G

ut
te

r c
as

t
2.

01
5

1
1

1
2

Hu
m

m
oc

k
1.

61
4

1
1

1
1

W
at

er
 E

sc
ap

e
0.

00
0

0
0

0
0

Co
nv

ol
ut

e
1.

61
4

1
1

1
1

Fl
as

er
/W

av
y/

Le
nt

ic
ul

ar
 b

ed
2.

01
5

2
0

1
2

Bi
ot

ur
ba

te
d

85
27

23
19

16

w
ith

ou
t '

B
io

tu
rb

at
ed

'; 
n 

=
10

0
24

9
79

65
55

50

*W
E

S
G

F 
= 

wa
ve

-e
nh

an
ce

d 
se

di
m

en
t g

ra
vi

ty
 fl

ow
; M

ac
Q

ua
ke

r e
t a

l.,
 2

01
0

P
's

eq
 =

 p
ar

as
eq

ue
nc

e

N
O

TE
: N

or
m

al
iz

ed
 s

ta
tis

tic
s 

w
er

e 
ca

lc
ul

at
ed

 w
ith

ou
t '

B
io

tu
rb

at
ed

' c
at

eg
or

y,
 to

 h
ig

hl
ig

ht
 p

re
se

rv
ed

 s
ed

im
en

ta
ry

 s
tru

ct
ur

es

 D
R

 T
ab

le
 2

: R
ep

re
se

nt
at

iv
e 

ex
am

pl
es

 o
f f

re
qu

en
cy

 d
is

tr
ib

ut
io

n 
of

 s
ed

im
en

ta
ry

 s
tr

uc
tu

re
s 

an
d 

st
at

is
ti

cs
 fr

om
 c

oe
va

l c
or

ed
 in

te
rv

al
s 

of
 th

e 
E

ag
le

 F
or

d 
Sh

al
e 

in
 tw

o 
w

el
ls

, C
en

om
an

ia
n-

Tu
ro

ni
an

, T
ex

as
, a

nd
 fr

om
 o

ut
cr

op
s 

of
 th

e 
C

le
ve

la
nd

 I
ro

ns
to

ne
, J

ur
as

si
c,

 
Yo

rk
sh

ir
e,

 U
K

. M
ac

qu
ak

er
, J

.H
.S

., 
B

en
tl

ey
, S

.J
., 

an
d 

B
oh

ac
s,

 K
.M

., 
20

10
, W

av
e-

en
ha

nc
ed

 s
ed

im
en

t-
gr

av
it

y 
flo

w
s 

an
d 

m
ud

 d
is

pe
rs

al
 

ac
ro

ss
 c

on
ti

ne
nt

al
 s

he
lv

es
: R

ea
pp

ra
is

in
g 

se
di

m
en

t t
ra

ns
po

rt
 p

ro
ce

ss
es

 o
pe

ra
ti

ng
 in

 a
nc

ie
nt

 m
ud

st
on

e 
su

cc
es

si
on

s:
 G

eo
lo

gy
, v

. 3
8,

 p
. 

94
7–

95
0,

 d
oi

:1
0.

11
30

/G
31

09
3.

1.
 

 



DR Table 3: Data shown in Figure 2 histograms. 
 

 
Normalized Percentage 

    
 

Storm Wave River Flood Tidal Current 
Scour 12.5285 25.3968 16.6667 
Planar bed 2.8474 11.1111 6.2500 
Current Ripple 5.6948 12.6984 10.4167 
Graded bed 7.9727 9.5238 10.4167 
Wave Ripple 35.3075 6.3492 10.4167 
Combined-flow Ripple 1.8223 1.5873 6.2500 
WESGF bed 25.0569 0.0085 4.1667 
Lags 3.4169 4.7619 4.1667 
Turbidite 0.0072 15.8730 4.1667 
Gutter cast 1.1390 0.0042 0.0018 
Hummock 0.2278 0.0055 0.0088 
Water Escape 0.0095 3.1746 0.0079 
Convolute 0.5695 6.3492 2.0833 
Flaser/Wavy/Lenticular bed 3.4169 3.1746 25.0042 

 

 


