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A Pedological Study in the Wellington Formation
JAMES R. CULVER and FENTON GRAY

Oklahoma State Unlvenlty, Stillwater
The Permian and Post-Permian sediments in many locallties of Okla­

homa lack readily identifiable characteristics for accurate surface geol­
ogy or pedological work. The genetic relationship of soU material to
underlying bedrock is important in making interpretations of weathering
processes and soil-forming processes.

Mechanical, chemical and mineralogical properties of geological ma­
terial of the Wellington Formation and pedons correlated as the Waurika
series (Culver and Bain, 196~) were determined to ascertain if th18 soU
is pedogenetic to the underlying geological formation. The Wellington
Formation is about 700 It at its outcrop and extends from northcentral
Oklahoma across Kansas (Swineforo- 1955).

Location 01 3CI"I'1ItPle Mte.t-Sites selected for collecting geological ma­
terialof the Wellington Formation (Miler, 19M) were approximately 20
miles apart in a north-south traverse. Site No. 118 about 10 miles north­
west of Blackwell or 1900 ft north of the NW comer ot sec. 2., T. 28 N., R.
1 W.; and site No.2 is southwest of Tonkawa near Interstate 35 at a shale
pit located 2000 ft north ot the SW comer sec. 31, T. 26 N., R. 1W.
Weathered and unweathered gray to green1ah-gray shales and claya were
collected at each site. The Waurika pedont wu u.mpled 360 ft north and
100 ft east of the SW comer ot sec.•, T. 26 N., R. 1 E.

tA pedoD I. the .maUat YohaDle of .oU .lacnrtq all laorlsou.
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P~ftcoJ, chemkGl, G1Id mfMraJogkaJ profIfJrlfu 01 tD6GtA6recl CItId tift­
1H4I1wn'ed WeU'ngtcm Mm.,lu-1be particle size distrtbution of the Wei­
11D&tOn sample sites in Table I show the weathered material to be allghtly
hlgher in clay. Adequate dispersion of the samples was dtffieu1t, and
much of the material in the coarse sand to the very tiDe aand was strong­
ly cemented 8ha1es. Fine aUt and clay are the dominant particle 8lzea in
all samples.

The cation exchange capacity (CEC) of the weathered soU materlal
of both attes was greater than for the unweathered clays and shales of the
Welltngton Formation. The catton exchange capacity of the total clay
ahow8 DO signtttcant difference between the weathered and unweathered
clayl and shales. This suggests that the higher CEC of the weathered
material may be due to the Increase of organic matter. Calcium and mag­
ne81um are the dominant exchangeable cations in all samples. eatcium
Is higher In the weathered material. Swineford (1955). from a Welltng­
ton Formation stUdy in Ka.n8a8. reported a lower percentage of calcium
and a higher percentage of magnesium In unweathered material. The
organic matter i8 higher in the weathered material.

The predominant clay minerals of these Welltngton clays and shales
are illittc and chlorttic with some indication of InterstraUfled montmoril­
lonttic clays. The x-ray diffraction patterns in Fig. 1 indicate no trends
of clay mineralogy between the weathered and unweathered samples. The
differential thermal curves of the weathered and unweathered clay in Fig.
2 8uggests interstratified UUtlc clay minerals. The cation exchange ca­
pacity of the total clay retlects a high micaceous content and is supported
by low ethylene glycol retention and high K,O values. The C horizon of
the pedon has higher CEO of clay and ethylene glycol retention and lower
K.O values than the Welllngton samples.

PhllftcaJ, chemical and m'neralog'cal properties 01 Waunka pedon­
The Waurika pedon has a Ught-eolored. sUt loam A horizon contalnlng
16% clay. At 12". there is an abrupt boundary to a dark clayey B2t hori­
zon containing 56% clay. Below a depth of 32". there is a gradual de­
crease ot clay. and the C2 horizon from 76" to 106" contains 33% clay.

Calcium and magnesium are the major exchangeable cations in the
WaUrika pedon. The pH vales of the Waurika ranged from 5.7 in the
surface to 8.8 in the lower B horizons and decreased to 7.1 in the C2 hort­
son.

The x-ray diffraction patterns of the Waurika pedon depict nUtic clay
minerals in the Ap horizon. interstratlfied Ulltic and montmorillonttie in
the B21t horizon and montmorillonite in the C hortJt.on. The dtfferentlal
thennal curves have endothermic reactions strongly supporting the x-ray
dltfraction patterns. A comparison of the coarse, fine, and total clay of
the C2 horizon in Fig. 8 has x-ray dttfracUon peaks showing the CO&I'8e
clay to have largely UUtic· clay minerals; and the tine clay, interatraUfled
montmortUonitlc and nuuc clay minerals.

SvmtnClry and conciUlriott--The Welltngton weathered and unweathered
I&IDplea are higher in UUUc and ch10riUc clay minerals, whUe the C hort­
-on of the Waurika pedon contained moatly montmorUlomtic. The coane
clays of the C horlzon are malDly UUUc and fine clay; the dominant frae­
tiem-montmorlllonitle. These differences of clAy mineralogy have been
interpreted as evidences that the Waurika solla sampled did not cleYe10p
in place but formed into Poet-Permian sediments laid over the older land
form of the We1llncton Formation.



T
A

B
L

E
L

A
N

A
LY

SI
S

O
F

W
EL

LI
N

G
TO

N
Fo

R
M

A
TI

O
N

SA
M

PL
ES

P
A

R
T

IC
L

E
S

IZ
E

D
IS

T
R

IB
U

T
IO

N
V

el
'7

V
er

y
C

o
a
n

e
F

in
e

C
o

a
n

.
e
o

a
r.

e
M

e
d

lu
lD

F
in

e
F

in
e

S
U

t
S

U
t

S
an

d
S

an
d

S
an

d
S

an
d

S
an

d
.0

6
-

.0
2

-
C

la
y

S
it

.
t-

ll
n

ln
1

-
.6

_
.6

-.
2

6
In

ID
.2

6
-.

1
In

ln
.1

-.
0

6
m

m
0.

2
m

ID
.0

0
2

In
ln

.0
0

2
In

ln

N
o.

1
W

ea
th

er
ed

-
2.

4
7.

1
13

.8
8.

1
8.

3
26

.9
83

.4
N

o
.1

U
n

w
ea

th
er

ed
.1

1.
9

4.
9

10
.2

5.
9

9.
0

89
.6

28
.3

N
o.

2
W

ea
th

er
ed

-
.5

2.
1

5.
7

3.
8

5.
3

39
.3

43
.8

N
o.

2
U

n
w

ea
th

er
ed

-
4.

2
8.

2
9.

8
5.

2
4.

2
26

.8
41

.9

C
H

E
M

IC
A

L
M

E
A

S
U

R
E

M
E

N
T

S
C

at
io

n
E

x
tr

ac
ta

b
le

C
a
tt

o
n

.
%

p
H

w
it

h
p

H
w

it
h

E
x

ch
an

ce
O

rp
n

ic
1

:1
SO

U
-

1
:1

S
o

il
-

e
S

it
e

C
ap

ac
it

y
C

a
M

g
N

a
K

M
a
tt

e
r

W
a
te

r
R

at
io

K
C

I
R

at
to

m
eq

/l
0

0
g

o
f

So
U

N
o.

1
W

ea
th

er
ed

20
.8

4
22

.4
13

.7
.1

9
.4

9
.4

8
7.

9
6.

8
§

N
o.

1
U

n
w

ea
th

er
ed

17
.3

0
7.

8
15

.7
.0

9
.4

9
.2

4
8.

0
6.

8
N

o.
2

W
ea

th
er

ed
20

.9
7

24
.9

13
.7

.0
9

.8
2

.5
1

8.
0

6.
9

..c;
N

o
.2

U
n

w
ea

th
er

ed
17

.5
7

15
.1

18
.5

-
.6

0
.4

1
8.

1
6.

9

M
IN

E
R

A
L

O
G

IC
A

L
M

E
A

S
U

R
E

M
E

N
T

S
E

th
y

le
n

e
G

ly
co

l
C

.E
.C

.
R

e
te

n
ti

o
n

-T
o

ta
l

%
S

it
e

m
e
q

/l
O

O
g

.
M

g
/2

K
zO

X
-r

ay
A

n
a
ly

.i
•
•
•

D
.T

.A
.-

-

N
o.

1
W

ea
th

er
ed

27
.7

11
1.

6
4.

74
II

C
M

-
1M

N
o

.1
U

n
w

ea
th

er
ed

27
.7

11
4.

4
4.

59
II

C
1M

N
o.

2
W

ea
th

er
ed

25
.0

10
8.

2
6.

01
II

C
1M

N
o

.2
U

n
w

ea
th

er
ed

26
.8

89
.4

2.
75

II
C

M
1

M

·1
-

D
U

te
.

C
-

C
hl

or
it

e.
M

-
M

on
tm

or
il

lo
ni

te

··
X

-r
a
y

A
n

a
ly

s
ls

an
d

D
.T

.A
.

b
y

D
r.

M
an

k
in

,
G

eo
lo

gy
D

ep
ar

tm
en

t,
U

n
iv

er
si

ty
o

f
O

k
la

h
o

m
a

i



1M PROC. OF THE OKLA. ACAD. OF SCI. FOR 1966

1.".-

"
2.• '.-

Weathered

No.2 Unweathered

T.lae

Fig. 1. Total Clay X-ray spectrographa of Wellington Fonnations
Sample.
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No.1 Weathered

Temp. ·C

167

Fig. 2. Ditterentlal Thermal Curves tor Total Clay of WelUngton For­
mation Samples
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Fig. 8. X-ray spectrograpu of Waurika No. 1 C2 Horizon Showing
Coarse, FIne, and Total Clay



GEOLOGY 169

LrrERATURE CITED

Culver, J. R. and R. W. Bain. 1967. Soil survey of Kay County, Okla­
homa. US Govt. Print. Offic. Wash. D.C.

Miser, H. D. 1954. Geologic Map 01 Oklahoma. U.S. Geol. Surv. and
Olda. Geol. Burv.

Swineford, A. 1955. Petrography of Upper Permian rocks In southcen­
tral Kansas. State Geol. Surv. Kansas. Bull. 111.


	p163b
	p164
	p165
	p166
	p167
	p168
	p169a

