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CONTRIBUTIONS TO STRATIGRAPHY

CHANGES IN STRATIGRAPHIG
NOMENCLATURE BY THE 

U.S. GEOLOGICAL SURVEY, 1969

By GEORGE V. COHEE, ROBERT G. BATES, and WILNA B. WRIGHT

LISTING OF NOMENCLATURAL CHANGES

In the following table, stratigraphic names adopted, revised, 
reinstated, or abandoned are listed alphabetically. The age of the 
unit, the revision, and the area involved, along with the author's 
name and date of publication of the report, are given. The pub 
lications in which the changes in nomenclature were made are 
listed in the references at the end of this publication. The capital 
ization of age terms in the age column follows official usage.
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£ŝ

m
g

B
o

 
^
«
o
 

M
O

B
S

o
^
h
o
^
i^

i 
B

S
 

«
S

<
J
S

S
<

!
<

^

|̂ ai-\ZaCau 
f(L

B
 

^
 

u 
a

o£<
H

 
O^
v
>

sJ3Ss01

"̂c§

 ^0*

^o

; 
;

c« 
e 

 * 
S

cn 
C

* 
£

 
£

1 
'S

 
O

 
^
 

c« 
a 

>
^
 

'S
 

S 
s 

>. 
S 

^ 
£

en 
O

 
r- 

Q-
c 

tg 
5

 
^

B
 

~
 

3
 

q 
OJ 

S3 
O

 
£

PH 
0
 

W
 

P

^
2 *
3

-
"

S
Bat

<u 
o
 S

 
-<-> 

«
 B

 
at 

-S
o

r
-
 

0
, 

B

ts 
, ? m

S 
B 

°
0
 c

 2 
* 

v
^
l

B
 

«T 
«
 
S

'f
> 

9 
.^ "-S 

1
 

 « S
-^B

 S
Q

 
'
 
 

B
 

r* 
BJ 

C
B

 
0

) 
5
 -2

 
r
 -

jj 
S

 
0
 
B

j^
O

5 
^s^?

<
^

1
3

 
-
T

g
 
In

C
l 

S.

S
 

g 
H

 
£

B 2
M

 
"S

K1JH"*CB  ~ 
1
1
 

4-S^H
I 

1,c5

; 
;

i 
! 

^
i 

: 
^

I 
' 

tZ

i 
j 

-a
. 

1 
§

S
 

> 
to 

.
3
 

^
 

S
 g

.S
O

 
^
 

QJ .S
 
( 

c« 
T

3 
3
"S

 
b

0
 

S
 

J3
 
f
t
^
 

(8 
«

 
C

 
>

 
J3

 
Cj 

C
 

M
 

*3
 

J3
 

to 
Bj 

C

g 
5 

JW
g

fc 
t; 

S 
(2

cGd
*s

.a 
-& 

p
 

£
S 

.£2 
c 

*c
8

'o
j 

C6 
C 

CQ 
*r* 

>

m
.s

s
^
o

-1 s
'-'s

 
iz;. 

^
 

fc 
c

! 
J3

1 
K

_, 
*J 

cd 
I . 

X
 

*->

J
 

"3
<

 
^

r- 
B

B
 

0) 
c

« 
v 

1
5 

5 
*

fc. 
!H

 
S

 
0

°
^

»
 

Z
 

0

g
>» 

cd
fc. 

s-1
ca 

^
 

B
 

S
 " 

rl
fi 

"-1
8d 

^
 

Q
J

 
 

B
 
4

J
B

 
Ed 

Ed
.2

ftM

§
'S

S
 

B
>

 
2
 

S
 

n

^ ^ 1 o 
^-s: 

i
>» 

^
?

 
g

 
J
J
 

Q
J
S

^
 

t?
"
 

b 
S 

is
nj 

Bd 
^H 

fl 
S

 
W

 
PH

 
W

.. 
^ 

5

W
 

S
 

B
 

g
 

u

w
|
 

S 
^
 

J
a
f 

5
 
|

B
§
 

S
 

$
~

 
g
§
S

 
«
 
|

' 5
 

J
3

 J
3
 

P
H

 
 
-
 

B
 

!H
  
 

!H
 

c
2

n 
»JS 

js 
'S

i 
.S

O
J 

* 
.5

l§
 

"s
^ 

.^
 

1
 

-a 5
 

S a
s
 

<§ 
J

Sr*;! 
5

tJ'~
Bi 

^ 
^
P

 
B

iS
S

, 
.u 

ti
fe

O
 

M
S

B
J
3

 
0

 
g

 
3
^
 

B
 

tJ
 

S 
X

J
3

 
0

^
-
2

^
 

«
 

§
0

 
°
^
«

 
0

 
J

 3*3 
s
S

t;^
 

B 
g

fc 
S

"
o

 
g
 

*e
11 11 

1 1 la
 

1^1 1 1
K c 

-<->iiiS
-w

 
S 

Koa 
S

"«
ti 

 ?
S* S 

B
S

t S 
° 

o
S

 
S

o
S

 
^ 

^
|> o 

o
«

«
o

 
o 

S
o
 

o
^^ 3 

u 
o>

S
S

 
g

g
g

^
S

^
;
^
;
^

 Ja^-2 
a

H
 

^
 

E

E
j

I
E

j

0

;
,

3

W
*
«

 
S3 

M
M

 
3

 
w

^
.H

 
"J

0
 

C

11IV
 

R
a; K 

e
01 

f.
S 

c
B

 
<t-

S
 

^
a; 

K
B 

t

1 
!

CO 
Cf

<u 
a

^ 
^

1
0)r«

I 
s

?fn0
 <u"*;

J

o 
.

H.& 
^

Tl 
.S

g 
s

B^

a 
I .

1 
' 

s 
S

q
j 

C
 

Q
S 

B 
.2 

a
  

§ 
5
 

> 
I

-^
 

-«-» 
w

 
^2 

T^
e
 

tn 
Q) 

S
 

c

i  § i « I
I « ^ 

s 
S

i * 
g 

§ 
B

o 
ca 

2 
J= 

B
fe

 
* 

3 
  

S
O

 
O

 
3

 
6

Z
 

Z
 

Z
 

0

~
»
 »

 
3 °

O
 

O

«Hc
o «

T
3 

X
 

B
 

J
i

1 * 
s

«
M

 
fe

 si i
p.1

P 
13

t«^
w

 
o
"3

 
o
 

i
 X

 
S

 
A

0
^.2

 *
^
 n

-( 1
  i 

.
 a

«
»
 

S

IH 
2

-

a!V'»5

8 
£

»
 

j

ii!jiiji

0) 
B<u01'SE.2"a! 

 aKn
 
-
 

fe
 

3
 

-
 

-
 

«
H

J= 
«

g
 

o 
o 

°
^
 CD 

"+» 
+

«H
 

" 
"
 

cfl 
o

e
°? 

!i 
e 

s 
l

11 
f
 

  f 
*=

S o 
W

tS 
Is 

i
S

fe 
ti-2. 

-S 
S

 
 *

*
 

r-S
 

h
 

V

T
*
-
 

^
3

o
fi

 *»

O
 

O
 

O
 

O



C
H

A
N

G
E

S 
IN

 
ST

R
A

T
IG

R
A

PH
IC

 
N

O
M

E
N

C
L

A
T

U
R

E
A

ll

o 
.

-M

" 
oJ 

o-S

«
 

1
  1 

CO 
^J

 
^
 

s
.

^
 

O
 

o
 

^
O

 
B 

o; 
.c 

*
Rl 

. 
">3 

 
E

~
_
-

Fa
*

J
^H

li! 
sx 

ts 
^
 

"E 
>

>
i 

s 
° 

?
 

^
 

~
 

£
 

>, 
*

1 1 1 ; i ! i M
 i ;

P
 ^ 3 

r
 -se

B
 

^
-C

1* 
-s 

§ 
si 

sf^g 
|g

| 
I 

§J 
u 

§ 
11 

-s-ogl 
lg

| 
.

SS 
 § 

-2 
|c

 
^g

S
o
 

M
«S

 
^

^
"
'.
f
l 

t
f
 

1
* 

S
^
 

b
C

 
-
. 

>
^ 
_

 . 
b

-t 
tl-l

iiPS 5 1 1 1 i i ilil 1 1! i S iW
fii !il 5

%
f 

1 S
i Ii 1 1 Jills I

f
f
 

tlltt 
II

ii 1 1 » 1 1 m m
 »;i «! i

11 i ill i j ji i Ii fill il j
U, 

B
 

S
 j^

 
3
 

.S
 

'c
 W

 
r 

M
 a

'S
^
'S

 
"3

 
2

~
 

b
<< 

PH 
P

.

i 
t!B

; 
a

\ 
°

I 
"a

ermont  
ontana, 
Id Wyoming llifornia

>
 

S
 

o

.2 
|

I
 

j

o
 

.2
U

 
p,

a
j 

*ri 
"" 

 3
s
?

PH 
PH 

<

o 
i

° 
!

*n 
i

a 
 

<V 
i

2
 

' 
1

1 
^

"« 
o 

' £ D2
 
|
 
ft 

S
,2

 
S

S
|
 
«

0
 
|
 
^
 

b

^
 

<
 

PH 
(U

 <J 
^
 

PL

 cR >H

i|T

jl j I
1

 
!? 

^

B
 

i
u
 

; 

.2
 

S

C
 

-2 
c

B
 

_K

^
 

^
 

-5

H 
i 

5 
'i 

s 
| 

« 
i 

^ 
o 

s 
c

QJ 
qj 

"^ 
PH 

<]

|3 
J? 

^
 

_>> 
o 

T
^3 

^i 
*c

T
 

-P 
T:

S
 

r"S 
S

 
3 

2. 
£
 

S
 

H
 

g
 

CD 
iJ 

5

.2 
§

>

<u 
o

" 
>

 
*X

l-s a
^ 

6*0 >
 ^

 
4>

-
§

 

* 
id

"a"** b
 

g g s 
R

 R
"S « 

'E

i 
1
1
^
1
 

a; 
o 

lc
PH 

^
j 

C

jii
3
 

V
O

 
B

4
) 

OJ
u 

5
5

 
.2

4
) 

4
) 

r-1 
4

 
B

 
i- 

P
H

 
(

O
 

^
 

C
O

 
_

!j 
JQ

 
C

«8 
Ri 

*2
 

R^ 
PH 

H
 

£
 

P
-

^i

"
S

o
 2 

.£  § » 
t; 

*» 
-o 

 £
      

te 
n o s 

g 
. 

g 
c 

a
,, 

^
-J

S 
s«

Qf 
S

'S
:? 

.2 
S '3 

0-S
.-S

-
O

f
l
J
,
 

S
 
"
 
^
 

-
U

 
S

1"^
 

.
«

 
"
"
^
 
^
 
f-H

 c0IzfcI
0.

H
r

3

_»">BgF
^Bi

1 
,CR£

. 
r
 

«; -^
 

o
 

h"< 
"'"'Q

p
S

c
 

H
 

jS
^
-
T

C
5 isslsas. -ii-sgsls 

alssg
PH 

PH 
<

O*ns1̂"s«"sV
 

V
 

R 

5
 

1
S

 
J

fc
 

»

^i2e 
.

0
) 

0
)

B
 

u
 
e

b 
6 S

1 
M

l 4
S 

i
' 

-3
«
 

c
T

S
C

L
i 

£>
"oj 

Rl 
  =

 " 
a 

PH 
W

 
8 

C

L
J

s 
^ 

"S
I
 

3
4
1
 
|

S 
os 3 

B
 

c

! Ill «l! i JU
t!!*3 IL

;
X

 
lu
"
 

C
43 

>> w
 

$
 

pq
a  
 S r 

*  >e M
 
* 

s»
^ o -S

_0'Sr

M
 

fc 
G

w03

'_
«

'Q
-
^
^

 S s c
C

 ^w
 

^

£> & s
m

-S H 
-

E
&

.S
'1 

^
 "^

'S
^
 
S

t
!
 

"
E» 

4> 
B

 
*

!*S
 s

^
 

« 

w3cac.1CJJR
 
t

KSS1aCa-*.

i
o _:

o*nV^^
 

t
'cj 

""

+3 
g

S 
c 

v 
I 

 S 
i

° 
1

!5 
P

ico 
.2 

-- 'O
 

<
<

 S 
i

x 
i

S 
I

"B 
'

fifl 
4
)

 *-* 
*O

J 
u PHJ3|O

1
) 

lS
 

>
, 

^
 

EO 
^
 

4* 
fc"

3
 

  
P

 
S

 S'S B S 
5 

|
|
 S

^
 

|-

!^ 
^
 £

i 
i

i 
1

| 
i

- 
i 

i
^H

 
{ 

c-« 
M

4> 
5

-M
 

.

«
 

!i
I 

Q ^
^
 

.S t

Sjjj c sc

i 1! II 
l

(D
 

0
-
§

 
W

0
 

4
,

 3 
a

s 
^«

 3T
)

 ^
 

oj 
a) 

c3 
«8 

*2
B 

iJ q
 

H
 tJ 

S
j

t 
i

| 
i

j

d
i 

1 
' 

 - 
« 

c 
i 

.2 B 
S

- 
£
 

1
 

ft 
.2 

§ 
'i 

g 
S 

g 
3

 
g 

j
,
-
iO

 
r
°
 

'i
e 

«
 

b

I ii»i466 1 liTiH
irl !|U

I| is i I * 
i .pfiisi i 

iillii 
n
il!

O
 

PH 
PH

PH 
PH 

PH

i 
-2

 
O

 
L

,
2 '-3 

o 
a
 

S 
« 

fa
B

 
S

 
S

2 
fe °

 5

3
 

si 
03 

S

PH 
p
H

P
H

p
n
P

H
P

H
 

P
n
P

n
 

P
n

P
H

 
PH 

PH 
G

' G
' 

PH 
PH 

PH



A
12

C
O

N
T

R
IB

U
T

IO
N

S TO
 ST

R
A

T
IG

R
A

PH
Y

I Hin«ai



C
H

A
N

G
E

S 
IN

 
ST

R
A

T
IG

R
A

PH
IC

 
N

O
M

E
N

C
L

A
T

U
R

E
A

13

*
O

 
^
H

 
-
,
 

!_
l

"
 ' 

BEJ 
°* 

e
£
j

rs 
w

 
r
n

 
*H

5 
1

u 
is 

s 
-El

,
B

.S'm
S

r^
'S

' 
.2

"
 

P
H

«
>

O
^

"
E

2
-

»
'£

*

&
H

 
°

' e

|
 jjj 

J

fci 
C

c3 1-9 
c 

'3
 

* 
B

 
>

 
c 

OS 
1
 

*

~
£

 
S

>> 
S

OT t) 
J:

B'

.3|wis*"e 
<»

§ 
8

£
 

e
T: 

K
13 

S
B

 
O

Shngunk 
Conglon 

Mountain 
Quar

:
S 

o 
? 

5
c3 

4
J3

 
X

92 
W

8|"KCV3c. BS0.
"SHc.^ 51 -sSi0. T3

 S i«
.«

 
s 

ta
"cK

i

o 
i

13 
i

i) 
'' 

»
o 

: 
 

 o 
i 

J
0 

i 
J

s 
^ 

-
s- 

.. 
a

S
 

$
 

C

I
 

§ 
£

i i i
£

 
Z

 
IS

ij3oSI 
a 

o) 
O

 
e

B
 

a
S 

-S 
=

X
 

aj 
^3

W
 

J
 

P
-

 ** 
*H

S 
°

£ 
^Jx

 " 
"i"0

 
c

o 
S B £ 

~
 

« «s.S 
^
x
S

«
^

IMs|l«
^

|l|3
|

cc 
03 

a

.2'w
i 

.2S
^
f 

«
 B
. 09

S
 

to
.3

 
«

.2
 B

»
J

""!. <
 g 

«  
s-sS-f

E 
"s ^-^J

»
 

<
 

0
 

c

B
 

i
.2 

i
B

 
1

O
 

i

a> 
!

Q
 

JS 
i

«
 

J
 

S
2 

-a 
i

^ 
* c 5

1 
rp

 
1

^
 

§
l-^

 
.1

Gd 
"^ 

rt 
"

W
 

S
 

W
 

a

1
 

S 
B 

| 
'3 

3
 

-2 
-g 

1
 

8 
IS 

3 
s 

1 
2

i 
2 

"S 
I

C
 

*j 
»

S
B? 

bo 
^ 

J2 
*^ 

^
92 

M
 

E3 
K 1uBS0<u"tJ<

Ho,,Hollow 
Membe>, 
XcV.

o 
;

J3
 

 *"
1 

s
s 

^
« 

"

i 
1

J3
 

'

§
 

1
W

 
fi

B.2h,0K
l 

C
 

O
 

K

«
 

1
a 

a
J
 

p.

iat§
 

0
o 

'£
 

PC, 
s 

a
05 

g
 

°

!i!!ti ^
W

'S
 

. 
a

*
J
 

4
.

1I;.>c_
K

i ro^6s§31 fca192

 a*1ss43*J13
h-1B.2"S!HOCO

Ss.s 
'5*H

92

S
 «

S
h

H

Q

fcl * 
v S

11suB
?S

n
 «

 '

y
 te. 

y

a03 03

°.
.
.

£
|2

 
^
1

8
 

T
3

^ « « 
^ S-2
rv> 

c.-r<

' 
g

.3 *

1
 

|
 

l
l

EH 
5

 
S

|
>» 

a> 
^» o

1 3 
11"s 

I

da 
F

 tion

I EH EH

B
^
°

I «1-L
OS 

§
 

O
 
^
2

 
g

 
I
 

£
^
|M

-
5

H
 

EH 
H

Tierra 
R

 Tillery 
F



A
14

C
O

N
T

R
IB

U
T

IO
N

S TO
 ST

R
A

T
IG

R
A

PH
Y

: 
a 

g 
s 

*  P
 

So £ -S 
S

 P
 

S
 

^
9
 c-^

! 
s 

a 
£ 

|M 
gjjga :* 

  
-fog

2 
" 

S 
s 

w
o

 
|s

£
2
»
j§

 
M 

|
B
^

 ^J 
P

H
 

j£
 

^
^ 

}H
 

rr<
 

1* 
+

^ ~
* 

C

f 
M

 
-B

 
|
 

^
W

<
c8

o
M

g
'S

l 
a

 
S

 
&O

T3 
^
 

O
.N

 
C

 
£

 
K

 
J

 ^ 
w

 
cS 

' 3 B 
. <v~ 

<a 
«

CH 
S

\"  
 '

' 
I^

S
,

1 
g 

EH 
« * 

 2>:s3'5j?2 
is 

s
^li;

S 
pa 

B 
3 

! ^ 
c
 

« 
CD 

-w
 

(-s 
r 

J
5
 

K
^
tJ

U
J
O

 
l.' 

>
° 

e
 

r

w
 

^
 

^-H
 

B 
^
 

o 
B

oT
 

^
 

ca 
EH 

o B« -3 
'3

 
oj 

O
 *J

1
^
 

1
 

-g 
^
'|
|

^
S

 
^ 

g
n
S

*
^
 

'o
 

^H 
b
O

^ 
'

L
, 

*""* 
ft 

K
j 

C
 

 

| 
- 

^
 

ft 
s-a

.2
 

12 
^ 

c 
" S 

£
*

S
 

«
) 

^
 

1
*
0

3 
-g 

oJ 
Q

_
C 

J
 

^
 

..Q

5 ° 
s- 1-s^

i-o
f 

B 
^ 

5
.5

-^ 
g 

S 
5

 
g
«
s

"s 
C

 
g
O

 
1

*
a

?
. 

»
 

:r 
^^

3
5

 
- 

g a  -

! 3 ; i *i jiHJi-i lij&E i s ui 1 1 s :ii
! iilM fi fpffi iP!!i iiliHi I H

 IK
  rtJII 

-6! #|JJH
2 jb|!£i 

*V
d

i| i l 
* .=11

i 10-1 
li *l:to

;i 
ll^l-P

1 2 K
 | j*»

^
|s

'
H

 
4

E
 

 5
^
3

fa
«

o
jM

C
 

_
 
e
tl 

£
 

fc
*
 
fiJ 4 

-sS-H-SS
-a^ 

c
0
^
^
 

S
B

 
"H 

i
s 

n 
"s^l

i!
 

i S
an 

m
m

 1 1
EH 

^! 
Z

 
E-

i 
:>

£I0.
I-£Jztr \1a1C sH1
 

&

1 i*>»-£
s^ ^

 
«

« 
S

 
ft

fa
 

M
 

EH 
t-

O
 

IH
 

i
W

 
Q

 
j

g
 

«
 
§

, 
2

 
2

§
 

o
' 

w
 

*. 
t)

^
 

t- .2

a 
"S

o
 

^
 

«* 8 
o 

> 
.,-S

-w
 

 
 

fa R 
*>

Q
) 

Gg 
03 

^

i 
j^ 

'S 
  

  2
B

 
>

 '3
 '2

 P-

1 
S

JsS
t

g 
g>;>

s

2 
o>w* 

v
4
^ 

C
 <

 
Cfl 

3

g 
S 

.g
*

i 
^ja

 a <a 
a

5
 

J
 * 

o
£

 
p

g 
~

i-,§
 s 

';
M

 
PH 

0
 

7
, 

JH 
q

 
g

Ijj

' 
1

03 
i

»! 
B

 
: 

^
 

*
 

c

c 
"2 

'
B 

E 
t 

fa 
W

 
0

^f 
^ 

^
K

 
K

 
PI

<]J
B0O
H

EH 
E-

T3iC5rt

4
J
 

*

o_s

- o 
.

O
 

>» 
J

£ 
'«

^
 

^
M

 
g

11jjI

«
 

3
 

C
 

' 
S

 
"trt 

' 
O

 
.S

 
S

 
a

"
 

' 
8
5

.S 
'J

 s 
s 

$ 
8 

f 
S

S 
§ 

5 
Q 

S 
e

1
1

 
5 

"5 
5 

1
S

 
PH 

J
 

K
 

iJ
 

pi

ait4 
^

0) 
ai 

09

3
 

1
 

S
 

 

0101

J3 
c

«
M

 
' 

^

<EH£H 
H

 
EH 

EH 
g

 
«

M
S

 
8

8

! 
q
j 

q
j 

q
j 

j>

|s 
a 

s 
|

] 
J2J

| 
q
j 

q
j 

^q
j 

'g

q 
<

! 
^
 

^

o' 
o'

S 
'P

01 
01

01 
01

! 
^
 

5
 

BJ 
BJ 

^
^

i *c3 
*c3 

*rt 
* 

s 
.,

;I 
5 

i 
B 

s 
i

ig
 

g 
g 

> 
> 

S
cQ 

' 
' 

' 
5? 

w
*"^

 |55 
5

5
 

s 
B

O
*

13 
09

43 
i

g 
g

't
 

1 
 

S 
H

J 
H

J

^
 

O
 

O
 

O
 

g
 

g
^

1 
O

 
v
 

^O
 

^O
 (I?

 
^
 

^H
 

PH 
PH 

^

ii 
! 

! 
i

B
 

! 
i 

i
g 

i 
i 

i
.2

 
ai 

i 
:

S
 

g
 

i 
i

o
 

i 
!

P
 

.2 
i 

' 

 § 
o> 

i 
B 

 § 
"

^
 

*
 

: 
at 

s 
t-

^
 o) 

-2 
  

'E 
> 

"-
S

 
g

 
S

 
g

 
S

 
Q

 
.J

o
 

S
 

W
 

c. 
_0l 

O
 

_0) 
O

 
Ol 

 "

s
j 

S 
'S 

"5 
S 

"S
S

S
 

S
 

S
 

H
 

S
 

C

{ 
( 

.
is

 
s
 

§
^

!Z 
A

 
A

jI1

.2 
!

S
 

ai 
ai

g
 

S
B

1 
s 

s
Q

 
O

 
O

lJ
 

PH 
PH

 HO
 

09

'?
 

0
 

  *S
 

*
 

O
l
S

 
O

lS
 

QJ 
f-j

B
*
' 

^
 

"S
 

'o
's

' 
°
'B

~
S

B
M

f
c
j^

 -^
C

- 
S

 
"
^
"
2
 

a
 3

 
 ^

' <
M

J ! ! iii 1 ii J
lil 1! lit

w
 

O
 

" 

-M
 

D
. 

G
 

SH

.£
 

.&
 

0
 

0
EH 

B
 

EH 
EH

'>
h

h
 

m
J
^

-g
fa

 
1

 
S

^
 

R

H
 

H
 

H
 

B

C
"
5

 
+

>

 -fa
 

5

H
 

EH

_
M

s
J
"

FO
O

w
oO

FtJ
w

 
^
^
 

sj 
B

d
^
'r
'B

^
^
^
B

e
r
t
 

B
 

s

"
§
§
B

M
|f2

|M
"
 

's
l
f

PH PH 
FH 

t^ 
6
 

t«3 
t

 g S g ~
s
 g g

~
g

3
^
>

^
a

> 
> 

>



C
H

A
N

G
E

S IN
 ST

R
A

T
IG

R
A

PH
IC

 
N

O
M

E
N

C
L

A
T

U
R

E
A

15

.r 
-o to 

i 
to

£ 
«.s s.s

^
g
 

«,3 u 3,

gj§£ 
o

 2%3
 

V

%
 

M
 

-i^S

o 
.2   « 

S!

a is s
1 J-s 

I
'd

 
  

.
.
^
 

Q

Is
l

.O
 g

£M
^ 

c§
C

.S
^
 

.g o

0
^
0
8
-2

 
** 

.-o
^!

5 d 5.S 
&

>
 

«

ii
Pii11

S
§
 

 S
8

2, 0.2

'M
l i

l
l
' 

S
^

5
II"in!1.

ocSt<o 
"oOc 

^!
^
 

4->
O

 
fl

to 
»  

S
 

:

-
 

1
^
>

 
Q

fc< 
ff

o 
«

2acaeW c =a!iR

5_-cR

T1!CL IN'C<

iM|>, 
a

* 
!

£ 
f

-2
 

EH

l
l

S
 

2

J? 
!>

iog0)QMO sc
>,"
JH

 
O

 
(

Ed 
c 

p

1
1

 
1

H
W

 
fi

5«^
c 

* c 
- 

-2 
5

 
|
l
 

5 
"S 

-a 
71 "S

e 
2 

!e E
2 

o
 

O
 

Q
 0

 
? 

-1 
Ctj 

ttj 
?

i 
i 

c
i 

i 
«

i 
i 

_rt

i i 
is

i 
i 

>
i 

i 
a

i 
: 

fc
i 

' 
5

! 
_

 
«> 

O
 

H)
a"®

 
:£

S
 *

 
^

S ° 
"3

*-5 'o
 

o

i 
:

j*~c

C
-*

"oTo
 

C
<D 

ci
o 

.; 
« 

c
"S 

°

o
 

1
-2 

c
j 

(2

0)

 2 c
S

- 
S S

S
 g 

g
|S

-|g

r* 
'O

^
-
 

^ 
^
- 

«* 
 
 ,- 

 

5 
 ?, 

§ 
"32 

°
 

-S
W

JS
^J

C6 
. 

£

>H
 

' 
I

 g 
2 

a

J
f 

S ^
 ^



A16 CONTRIBUTIONS TO STRATIGRAPHY

AGE AND STRATIGRAPHIC RELATIONS OF AMCHITKA,
BANJO POINT, AND CHITKA POINT
FORMATIONS, AMCHITKA ISLAND,

ALEUTIAN ISLANDS, ALASKA

By W. J. CARR, W. D. QUINLIVAN, and L. M. CARD, JR.

Detailed reconnaissance mapping in 1966 and 1967 of Amchitka 
and Rat Islands in the western Aleutian Islands (fig. 1) supple 
mented an original study by Powers, Coats, and Nelson (1960) 
and has resulted in some modifications of the ages and strati 
graphy of the rocks. Two formations, the Banjo Point and over 
lying Chitka Point, are here slightly redefined; the Amchitka 
Formation is areally restricted and subdivided into two informal 
units. Several potassium-argon dates are now available for the 
Chitka Point, one for the East Cape intrusive complex and three 
for younger intrusive rocks. Age of a fossil pollen collection 
from the Chitka Point Formation agrees well with the radiome- 
tric dates. New fossil collections from the Banjo Point Forma 
tion provide a better basis for dating.

AMCHITKA FORMATION

As defined by Powers, Coats, and Nelson (1960), the Amchitka 
Formation includes rocks of diverse type and age. Rocks of the 
northwest part of Amchitka formerly mapped as Amchitka For 
mation are petrographically like and stratigraphically continu 
ous with the Chitka Point Formation. The Amchitka Formation 
of eastern Amchitka is retained, with some changes in contacts 
with other formations (fig. 1), but it is divided into two informal 
units: (1) older breccias, overlain by (2) the pillow lavas and 
breccias of Kirilof Point. Both units are present in drill holes in 
the central part of Amchitka.

The older breccias, which constitute the lower part of the 
Amchitka Formation, are the oldest rocks exposed on Amchitka 
Island; the base is not exposed. The older breccias are restricted 
in outcrop to the eastern part of Amchitka Island, mainly be 
tween Constantine Harbor and the dioritic intrusive rocks of 
East Cape. The unit consists of fine- to coarse-grained sedimen 
tary breccias and minor interbedded sandstone, siltstone, and 
claystone composed of volcanic debris. The rocks are generally 
propylitically altered. The degree of alteration increases errat 
ically eastward toward the intrusive complex, and strongly meta 
morphosed older breccias occur within and adjacent to the in 
trusive masses. Numerous dikes, including many of hornblende
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FIGURE 1. Geologic sketch map of Amchitka Island.

andesite, cut the breccias on the eastern part of Amchitka Island. 
A maximum thickness of about 4,000 feet of the older breccias 
may be exposed; however, because of numerous dikes and sills 
that intrude the section and the possibility of fault repetition, 
this estimate is probably too high.

The Kirilof Point unit consists of glassy generally monolitho- 
logic breccia and tuff breccia, subordinate pillow lava flows, and 
very minor bedded volcanic sedimentary rocks, most of which 
were probably deposited in a submarine environment. The lower 
contact of the unit is exposed 1.6 miles east of Pillow Point at 
the base of a locally glassy lava and breccia sequence and at the 
top of a thin layer of sedimentary rocks. The lateral continuity 
of this contact and its stratigraphic and petrographic significance 
have not yet been determined. Compositionally some of the rocks 
of the Kirilof Point unit are less mafic than others known on 
Amchitka Island; Powers, Coats, and Nelson (1960) published an 
analysis of hydrated glassy breccia from Kirilof Point which in 
dicates that the rock is a latite. Most other Kirilof Point rocks



A18 CONTRIBUTIONS TO STRATIGRAPHY

analyzed in the current study are a little less silicic. The Kirilof 
Point unit is about 3,500 feet thick in the vicinity of Pillow Point 
and ranges from about 1,450 to 3,650 feet thick in drill holes in 
central Amchitka.

BANJO POINT AND CHITKA POINT FORMATIONS

The Banjo Point Formation consists mainly of breccias, sedi 
mentary rocks, and minor pillow lavas of basaltic composition 
and submarine deposition. Hornblende-andesite and basalt sills 
and dikes intrude the formation in places. The Banjo Point is 
more nearly conformable with the underlying Amchitka Forma 
tion than reported by Powers, Coats, and Nelson (1960) but is 
overlain with considerable angular discordance by the Chitka 
Point Formation. The Banjo Point remains virtually as defined 
by Powers, Coats, and Nelson (1960) except for a few changes 
in its boundaries with the Chitka Point Formation. Outcrops 
near White House Cove and Burr House Cove, too small to be 
shown in figure 1, are probably Banjo Point Formation. Largely 
because of the major erosional unconformity between the two 
formations, no complete section of Banjo Point is exposed. The 
formation is a maximum of about 3,600 feet thick in a drill hole 
west of Kirilof Bay.

Rocks called Chitka Point Formation are here restricted to 
subaerial hornblende and pyroxene-andesite lava flows, breccias, 
tuffs, and conglomerate in the northwestern two-thirds of Am 
chitka (fig. 1). Excluded from the Chitka Point, as mapped by 
Powers, Coats, and Nelson (1960), are basaltic breccias, now in 
cluded in the Banjo Point Formation and extending southeast 
ward along the Pacific Coast from about lat 51°32' N. The con 
tact previously shown (Powers and others, 1960) between Chitka 
Point and Banjo Point Formations on the Pacific Coast is no 
longer considered a formational boundary. Included in the Chitka 
Point Formation by the present authors are all rocks previously 
mapped by Powers, Coats, and Nelson (1960) as Amchitka For 
mation on the northwest part of the island, and some small areas 
previously mapped by them as Banjo Point Formation along the 
Bering Sea Coast between about 51°30' N. and Cyril Cove. All 
these rocks are hornblende or pyroxene-bearing andesites typical 
of the Chitka Point and are stratigraphically continuous with it. 
The Chitka Point ranges in thickness from a featheredge near 
the middle of Amchitka to a minimum of 4,000 feet in a drill hole 
2 miles south of Chitka Point; about 1,100 feet are exposed in the 
vicinity of Topside.
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Thus we restrict the Banjo Point to basaltic rocks of generally 
submarine deposition and the Chitka Point to andesitic rocks of 
mostly subaerial deposition, each unit representing a distinct 
episode of eruptive activity separated by uplift and erosion.

AGE

On the basis of Foraminifera and mollusks, Powers, Coats, and 
Nelson (1960, p. 538) assigned an Oligocene or Miocene age to the 
Banjo Point Formation. All their fossil material appears to be from 
beds assigned to the Banjo Point in the current study. Recently 
MacNeil (1967, p. 37) assigned an age of Oligocene (?) to the Banjo 
Point on the basis of a further evaluation of fossils in it and in sim 
ilar beds on nearby Rat Island. Microfossils (table 1) collected by 
the authors and R. H. Morris from the Banjo Point and Amchitka 
Formations supplement the original collections which were made 
by Powers, Coats, and Nelson (1960) and which were studied by 
Todd (1953) and MacNeil (1967). Studies of the Foraminifera by 
R. L. Pierce permit refinement of the original ages for these for 
mations. The Banjo Point Formation and similar beds on Rat Is 
land (Gunners Cove Formation) are designated as late Eocene or 
Oligocene on the basis of mollusks and numerous microfossils from 
several localities (table 1). Age of the Amchitka Formation is less 
certain; it underlies the Banjo Point with general conformity, and 
the one fossil collection from it (table 1) contains only two genera 
not found in the Banjo Point; the species are not identified.

There is nothing to indicate a significant age difference be 
tween the Banjo Point and the upper part of the Amchitka Forma 
tion the breccias and pillow lavas of Kirilof Point but because of 
the meager fauna and fact that the lower contact of the formation 
is not exposed, the authors prefer to assign an age of early Terti 
ary to the Amchitka Formation.

A coal sample from the Chitka Point Formation yielded numer 
ous pollen and spores which were studied by Estella Leopold

TABLE 1. Distribution of Foraminifera in the Amchitka, Gunners Cove, and 
Banjo Point Formations, Amchitka and Rat Islands, Alaska

Gunners Cove
Amchitka Formation Banjo Point Formation 
Formation WJC70A672

69LG101 (M337) 69LG63 69LG7* 69LC85 69LG96

Cassidulina globosa Hantken. .... X . . .. ......... . .. X ............ X
sp. cf. C. galvinensis

Cushman and Frizzell . ..X X ..... .. ................. ..
Globigerina sp. . . . .... X .............. ............................ X

sp. cf. G. eocaena Gumbel ... ... ... ............. . ................ ......... X
(l)Globorotalia sp. aff. G. 

pseudobulloides Plummer . ... X ......... . ...............................................
Bolivina sp......... . . .... X ... ....... ... ....................................
Oridorsalis umbonatus (Ruess) X . ............. X ...............................
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TABLE 1. Distribution of Foraminifera in the Amchitka, Gunners Cove, and 
Banjo Point Formations, Amchitka and Rat Islands, Alaska Continued

Gunners Cove
Amchitka Formation Banjo Point Formation 
Formation WJC70A672

69LG101 (M337) 69LG63 69LG7* 69LC86 69LG9«

Gyroidina sp. c. G. Soldanii 
octocamerata Cushman and
G. D. Hanna X X X X 

Cibicides sp. cf. C.
sandiegensis Cushman and
M. A. Hanna . ..XXX ..... ............

sp. cf. C. hodgei Cushman
and Schenck . .. X ..... . .. .... X

hodgei Cushman and Schenck ... .... . X ......
sp. cf. C. haydoni (Cushman

and Schenck) . ....... ....... . ............... . ..... X
sp. ....... . . ... X ...... ... X ......

N'onion sp. aff. N. planatus
Cushman and Thomas . X X ... .... .. ..........

Plectofrondicularia vaugh ani
Cushman . . ... . ...... ... X .... .... ........ ... ....

sp. cf. P. packardi multilineata
Cushman and Simonson . . . . .... . . X .... . ..... ......... X

packardi packardi Cushman and
Schenck. . .... ................... ................. X

sp. ............ ... ........... ........................................ X
Guttulina sp. cf. G. problema

d'Orbigny ... ...... ................... X .........................
problema d'Orbigny .. . . ...... ...... ................................ X

Planularia sp. aff. P. markleyana
Church ........ ... .... ............ ... X .............................

Uvigerina elongata Cole ..... . ... ....... ...... ..X X ............ X
Nodosaria sp. cf. N. pyrula

d'Orbigny ......... .. ..... .. ... . . . ..... ... X ...................... ........
holserica Schwager .. ....... .. . ..... .. ....... .. .............. ... ............ .... X
sp.(?) ..... . ..................... ... .......... .... X .. .....

Dentalina consobrina d'Orbigny. . . . ........ ...... ............. ... .. . .............. X
(1) amchitkaensis Todd ................................... .. . .............. .. X
sp. ............ ............. ....... ... .... X ...............................

Sigmorphina sp. cf. S. schencki
Cushman and Ozawa .. .... X ........ .................

Melonis cf. M. umbilicatulus
(Montagu)... . .. ............................................. .............. X

(1) Melonis sp. . . ... ...... X X .........
Alabamina sp. cf. A. kernensis

Smith .. .... ........ . ... X ............... ...
kernensis Smith . . ........... .. ....... . . .... ... . . ..... ..... X

Bulimina schencki Beck . .... ........ .... . . X
Glandulina laevigata ovata

(Cushman and Applin) . .. . ............. .. .... .. ... .. X
Angulogerina hannai Beck . .. ... . .. .. ...... ............. X
Globorotaloides sp. cf. G.

suteri Bolli . . .......... X
Radiolaria X ..........

1 Locality 69LG10: Amchitka Formation, pillow lavas and breccias of Kirilof Point, Kirilof 
Bay, Amchitka Island ; lat 51°24'45" N., long 179°14'30" E.

2 Locality WJC70A67 (near M337 original collection made by H. A. Powers): Gunners Cove 
Formation, southeast side of Gunners Cove, Rat Island; lat 51° 48'40" N., long 178°19' E.

3 Locality 69LG6: Banjo Point Formation, south side St. Makarius Bay, Amchitka Island; lat 
51°22'40", long 179°13'10" E.

4 Locality 69LG7: Banjo Point Formation, 1.6 miles northwest of Mex Island, south coast 
of Amchitka Island; lat 51°29'38" N., long 179°01'25" E.

r> locality 69LG8: Banjo Joint Formation, Banjo Point, north coast of Amchitka Island; 
lat 51°28'36" N., long 179°08'15" E.

11 Locality 69LG9: Banjo Point Formation, Clam Point (same stratigraphic horizon that 
contained Chlamys aff. C. washbumei Arnold (Powers, and others, 1960, p. 537), south coast 
of Amchitka Island; lat 51°24'32" N., long 179°09'44" E.
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TABLE 2. Pollen and spores from Amchitka Island, Alaska
[Identified by Estella Leopold. Sample 68 M 1 from a thin coal seam in volcanic breccia 
of the Chitka Point Formation, lat 51°32' N., long 178°58' E., Pacific coast of Amchitka]

Number Percent
Taxodiaceae-Cupressaceae-Taxaceae . .. . . . .. .. .... 21 17.2

Sequoia type . . . .... ......... .... . 1 .8
Pinus ... . . . ... ..... .. ........... 8 6.5
Alnus p6 . . . .... .... . ........ .. 2 1.6

p5 .... . ........ ....... ...... 27 22.2
p4 . ... ........ ...... ...... ............. 13 10.5

Picea .. . ....... . . ....... . . .... ....... ........ 2 1.6
Betula .. .. .. ... ... ... .... ... ................ 3 2.5
CoryhiK type . ......... ..... ... ..... ... ...... 1 .8
Juglans . . . .. ..... ...... .. .......... 2 1.6
Pterocarya .... ... . ... ... ...... . .............. 2 1.6
Ulmusl . ...... . . ... .. . . ... ....... . ..... ............... 1 .8
Ostrya-Carpinus . .. . ....... ... . .... .... .. ................ 3 2.5
Populus type .... .... . .. ... . .. ... . ... ...... . 4 3.3
Corylus type .. ..... ..... ......................... ..... 1 .8
Ericales, cf. Rhododendron . . ..... ............. 3 2.5
Dicot pollen, mangled, broken . .... . ... ........ . .......... 13 10.5
Polypodiaceae . . .. ....... .... ..... ...... .. .... . ........ 1 .8
Monocots undet. . ........ . ...... ...... . ................ ........ 12 10.0
Undet. fern spores .... ....... . ... ... . .... .. .. . ........ _2_ 1.6

Total . . .... ... . ........ . ..... .... ....... .......... 122
NOTE. Seen but not in count: 

Tsuga heterophylla 
Quercus 
cf. Fagus

(table 2). She reported that "the sample count contains 6.5 percent 
of deciduous broadleaved trees now exotic to Alaska, and about a 
fifth of the generic list includes forms foreign to the region*** the 
age is Miocene, probably middle to late."

Seven potassium-argon dates on rocks from Amchitka Island are 
listed in table 3. Radiogenic dating is hampered by scarcity of 
fresh holocrystalline material for whole-rock analysis and of rocks 
containing minerals with sufficient potassium for dating of 
mineral separates.

Three dates were obtained on lava flows of the Chitka Point 
Formation at different localities in central and northwestern 
Amchitka. All represent flows in the upper part of the Chitka 
Point. The youngest date obtained, 12.4±1.1 m,y. (million years), 
may be slightly too young because of the presence of a very small 
amount of noncrystalline material in the groundmass. Of the three 
dates, the one considered most reliable (14.1 ±1.1 m.y.) because of 
the freshness and relatively coarse texture of the rock was ob 
tained on an andesite flow in a quarry near the middle of 
Amchitka. On the basis of these dates and the pollen collection (ta 
ble 2), we assign an age of Miocene to the Chitka Point, previously 
dated (Powers and others, 1960) as Tertiary or Quaternary.

A date of 15.8±0.7 m.y. was obtained on a biotite-bearing phase 
of the East Cape pluton. This complex of dioritic rocks intrudes 
rocks as young as the upper unit of the Amchitka Formation, and



A22 CONTRIBUTIONS TO STRATIGRAPHY

fossils indicate that the Banjo Point Formation is also older than 
the East Cape plutonic complex.

TABLE 3. Potassium-argon dates on rocks from Amchitka Island, Alaska

Material Stratigraphic Age X 10 *> 
Sample Rock type, location analyzed relations years 1

WJC-87A-66 . Hornblende andesite dike Hornblende .... Intrudes Amchitka 2.7±3.0 
between Pillow Point Formation, 
and South Bight; lat 
51°21'55"N., long 
179°20'40"E.

69 Amc-12.. . Basaltic andesite dike, Whole rock ..... Intrudes Banjo Point 8.9±0.6 
west side of Kirilof Formation. 
Bay; lat 
51°26'N., long 
179°14'E.

WJC-1-67-...-. Basalt dike(?), point on ......... do ..................... do ............... 10.2±1.1
north side of St. 
Makarius Bay; lat 
51°23'30"N., long 
179°12'50"E.

69 Amc-15 ..... Pyroxene andesite lava .......... do ........ Upper part of Chitka 12.4±1.1
flow on ridge 2 miles Point Formation, 
north of Windy Island ; 
lat 51°36'N., long
178°48'E.

69 Amc-17...... Hornblende andesite lava ...........do. ._..._._...._.. .do...... ........... 13.2±1.2
flow, Mex Island; lat 
51°28'30"N., long 
179°02'30"E.

69 Amc-2 ....._.. Hornblende andesite lava ...........do..   Upper part of Chitka 14.1±1.1
flow quarry, central Point Formation. 
Amchitka; lat 
51°31'N., long 
179°02'E.

69-Amc-l!._.... Biotite-hornblende Biotite ..._..   Intrusive dioritic complex 15.8±0.7 
granodiorite; lat of East Cape. Parts 
51°23'N., long of complex intrude 
179°25'E. upper and lower units

of Amchitka Formation.

1 All dates determined by Geochron Laboratories, Inc. Mineral separations by D. R. Miller.

Emplacement of the East Cape pluton appears to be concurrent 
with a mid-Miocene change from predominantly submarine vol 
canic deposition to uplift, followed by mostly subaerial andesitic 
volcanism along the insular ridge. The possibility of a major mid- 
Tertiary uplift of the Aleutian Arc was pointed out several years 
ago by Gates, Fraser and Snyder (1954).

Dates (table 3) of 8.9+0.6 and 10.2±1.1 m.y. were obtained on 
intrusive rocks that appear to belong to a Pliocene episode of ba 
saltic activity that followed eruption of the Chitka Point. Both 
samples are from northeast-trending bodies that are probably 
dikes in the Banjo Point Formation.

A date obtained on hornblende from a dike that is part of a 
swarm that postdates the East Cape plutonic complex is probably 
not very reliable because of the small amount of hornblende in the 
sample. However, intrusive rocks of intermediate composition 
apparently were emplaced relatively late in the island's history.
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CAESARS HEAD QUARTZ MONZONITE IN THE 
WESTERN CAROLINA PIEDMONT

By JARVIS B. HADLEY and ARTHUR E. NELSON

The name Caesars Head Quartz Monzonite is hereby proposed 
for several irregularly shaped bodies of granitic rock that occupy 
about 500 square miles in the southeastern part of the Knoxville 
2-degree quadrangle (Hadley and Nelson, in press). These bodies 
invade a terrane of older paragneiss and schist, which is the princi 
pal country rock throughout a large part of the Piedmont province 
of southwestern North Carolina and northwestern South Carolina.

The type locality of the Caesars Head Quartz Monzonite is on 
Hogback Mountain in Greenville County, S.C. It is also exposed on 
the high ridge to the southwest, including Glassy Mountain, Old 
Indian Mountain, and Chestnut Mountain (Tigerville quadrangle, 
South Carolina and North Carolina). Good exposures of most of the 
varieties of the unit can be found along the paved road between 
State Route 11 and U.S. Highway 25 near Poinsett Reservoir and 
along the improved but unpaved road across Glassy Mountain and 
Hogback Mountain, as far as Vaughns Gap. The name is taken 
from exposures along U.S. Highway 276 in the vicinity of the sum 
mit known as Caesars Head in the northwestern part of Greenville 
County, S.C.

The plutonic intrusive rocks included in this unit consist largely 
of biotite quartz monzonite and biotite granodiorite, medium to 
coarse grained, ranging from equigranular to inequigranular and 
porphyroblastic. The feldspars are principally microcline and oligo- 
clase or sodic andesine, whose relative proportions vary greatly 
from place to place. Microcline and quartz monzonite are most 
abundant in the western bodies; conversely, much of the rock in the 
eastern outcrop areas in granodiorite. Abundant well-crystallized 
epidote and sphene are characteristic accessory constituents, and 
small amounts of muscovite and magnetite are generally present. 
All saprolite samples tested yielded zircon in moderate quantities. 
The dark minerals are commonly segregated in discontinuous folia 
accompanied by various degrees of schistosity; locally, however, 
the rocks are virtually nonf oliated.

Contacts between the Ceasars Head Quartz Monzonite and the 
surrounding paragneiss and schist, as revealed by reconnaissance 
mapping and observations, largely along roads, are broadly con 
cordant but locally discordant to the foliation of both intrusive and 
country rock. Concordant to semiconcordant lenses of paragneiss 
locally included in the quartz monzonite show gradational rather
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than sharply defined boundaries. More definitive information 
about the structural relations of the Caesars Head Quartz Mon- 
zonite awaits detailed study in favorable localities.

Much of the Caesars Head Quartz Monzonite, particularly in 
the western bodies, resembles the granitic or less foliated phase 
of the Henderson Gneiss, and the mapped boundaries between 
these two units are everywhere gradational and obscure. The age 
of the surrounding paragneiss and schist is not known, although 
these rocks are probably not older than late Precambrian and not 
younger than Silurian. Microscopic textural and mineral rela 
tionships suggest that the Caesars Head Quartz Monzonite was 
emplaced before the climax of the regional deformation and well 
before the peak of thermal activity and recrystallization in the 
rocks. Its age, therefore, is presumably younger than late Pre 
cambrian and at least as old as Carboniferous, the date of the 
last major metamorphism as indicated by potassium-argon and 
rubidium-strontium ages reported from the surrounding region 
(Kulp and Eckelmann, 1961).

METADIABASE SILLS IN NEGAUNEE IRON-FORMATION 
SOUTH OF NEGAUNEE, MICHIGAN

By J. E. GAIR and G. C. SUMMONS

The Negaunee Iron-Formation (Van Hise and Bayley, 1895; 
Leith and others 1935) of middle Precambrian age (James, 1958, 
p. 33-35) in the Marquette synclinorium and iron district, Michi 
gan, is intruded by large bodies of mafic igneous rock. The bodies 
are most numerous and crop out in prominent ridges and knobs 
south and southwest of the city of Negaunee, in the axial part of 
the synclinorium. In early reports, the mafic rock was called 
diorite (Van Hise and Bayley, 1897; Van Hise and Leith, 1911), 
but it is now recognized as metadiabase similar to that in other 
Precambrian areas of upper Michigan (Gair and Wier, 1956, 
p. 60-61; Bayley, 1959, p. 65-67; Gair and Thaden, 1968, p. 51). 
Original diabasic texture of the mafic rock generally is well pre 
served, but virtually none of the original minerals remain. 
Through low-grade regional metamorphism, calcic plagioclase 
has been saussuritized and albitized, and pyroxene has been con 
verted to tremolitic and actinolitic amphibole and chlorite. Many 
large, roughly tabular bodies of metadiabase are conformable, or 
nearly so, with bedding of the Negaunee Iron-Formation and are 
considered sills. This paper proposes names for four such sills 
that are particularly useful markers for subdividing the iron- 
formation. The named sills are mainly south of Negaunee in the
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western part of the Palmer and the eastern part of the Ishpeming 
quadrangles (fig. 2).

46°30' 87°37'30" R. 27 W. R. 26 W.

Named sills of metadiabase 
ss, Suicide 
pc, Partridge Creek 
sm, Swmmtt Mountain 
\, Traey

Negaunee Iron-Formation

Siamo Slate

EXPLANATION

Ajibik Quartzite

[ PE~~| 

Palmer Gneiss

[ggn |

Granitic and 
amphibolitic gneiss

: md ...'.'

Major body of uncorrelated 
and unnamed metadiabase

Contact of named rock units

Fault

Syncline showing troughline, 
approximately located

Anticline showing crestline, 
approximately located

Strike and direction 
of dip of beds

FIGURE 2. Distribution of middle Precambrian metadiabase sills 
south of Negaunee, Mich.
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The named sills are each 2^ miles or more in mapped length 
and 200 feet or more in maximum thickness and extend westward 
along the north and south limbs from the axial part of the 
synclinorium. One sill wedges between two of the others in the 
axial part of the synclinorium, and this arrangement suggests that 
the sills may have been emplaced during folding. However, 
emplacement of the sills would necessarily have been early 
during the folding at the close of middle Precambrian time be 
cause they are offset and because some are repeated by faults 
that are approximately synchronous with the folds. Low-angle 
crosscutting of the iron-formation by the sills is indicated both 
by small local thickness variations in iron-formation between 
sills and by larger thickness variations across a distance of sev 
eral miles from one flank of the synclinorium to the other (fig. 
2). The named sills from lower to higher in the stratigraphic 
section are the Tracy, Summit Mountain, Partridge Creek, and 
Suicide (fig. 3).

TRACY SILL

The Tracy sill is named for the Tracy mine, which is a short 
distance north of a prominent outcrop of the sill in the NEi/4 sec. 
7 and the NW^/4 sec. 8, T. 47 N., R. 26 W. The name has pre 
viously been used informally by local mining company geologists 
(J. W. Avery, Jones & Laughlin Steel Corp., oral commun, 1964). 
The sill has a thickness at the type locality of 200-250 feet, de 
termined both by drilling and calculations from mapped width 
and the dip of nearby iron-formation. The base of the sill is 
1,100-1,200 feet above the base of the Negaunee Iron-Formation. 
The sill extends from the city of Negaunee in sec. 6, west for an 
unknown distance on the north limb of the Marquette synclinor 
ium and south across the axial part of the synclinorium to the 
SW*4 sec. 18, T. 47 N., R. 26 W., where it terminates against a 
fault. Drill data suggest that the sill is present in the subsurface 
for a short distance west of the fault, but apparently it pinches 
out near the southwest corner of the section and updip before 
reaching the surface. It is extensively sliced by faults, especially 
in sees. 5, 6 and 7. It should be pointed out that the relations 
shown in the SWJ/4 sec. 5 and the SEi/4 sec. 6 (fig. 2) are based 
entirely on the interpretation of drill data.

SUMMIT MOUNTAIN SILL

The Summit Mountain sill is named for Summit Mountain in the 
SWi/4 sec. 24, T. 47 N., R. 27 W. (fig. 2). 1 The sill crops out on

1 Summit Mountain (1,885 feet) is the highest point in the Marquette district.
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the north side of the mountain, near the crest. A stratigraph- 
ically higher sill the Suicide sill named and discussed below is 
exposed in a parallel belt a short distance to the north, near the 
base of the mountain. At the type locality, the Summit Mountain 
sill is underlain by 1,800 feet of iron-formation, which to the 
south is in normal stratigraphic contact with underlying Ajibik 
Quartzite, the Siamo Slate having pinched out to the east, and in 
fault contact with Palmer Gneiss. To the northeast, in the axial 
part of the Marquette synclinorium, the sill is separated from 
the underlying Tracy sill by 120-340 feet of iron-formation.

At its type locality the Summit Mountain sill has an approxi 
mate thickness of 560 feet, calculated from an outcrop width of 
800 feet and a dip of 45° in adjacent iron-formation. To the 
northeast in the axial part of the synclinorium, the average 
thickness of the sill is about 500 feet. The sill thins southwest of 
the type locality, so that a mile away, at its termination against 
a fault, it is 140 feet thick.

The Summit Mountain sill has a mapped linear extent of more 
than 7 miles. From its type locality on the southeast limb of an 
open syncline that plunges west-northwest, the sill continues 1 
mile to the southwest and is truncated by a fault, as mentioned 
above. The sill extends northeast from the type locality to sec. 
18, T. 47 N., R. 26 W., where it turns north and then northwest to 
its known limit against a fault in sees. 1, 11, and 12, T. 47 N., R. 
27 W. The curved belt, concave to the west, marks the closure of 
a major west-plunging syncline. The sill is extensively sliced and 
repeated by faults in the SE^ sec. 13, T. 47 N., R. 27 W., in the 
south part of sec. 18, T. 47 N., R. 26 W., and in the north part of 
sec. 12, T. 47 N., R. 27 W.

PARTRIDGE CREEK SILL

The Partridge Creek sill is named for Partridge Creek which 
flows a few hundred feet southwest of a ridge containing large 
exposures of the sill near the center of sec. 12, T. 47 N., R. 27 W. 
There at the type locality the sill is about 380 feet thick, judging 
by outcrop width and the dip of adjacent iron-formation, and the 
base of the sill is separated from the top of the Summit Moun 
tain sill by an 80-foot thickness of iron-formation. The strati- 
graphic separation of the sills ranges from 70 to 140 feet across 
the area. The Partridge Creek sill extends about 1 mile northwest 
of the type locality, thins slightly in that distance, and is cut off 
by a fault. Its possible correlative farther west is unknown. 
Southeast of the type locality, in the SE^ sec. 12, the sill splits 
into two layers, the lower of which is about 100 feet thick and



CHANGES IN STRATIGRAPHIC NOMENCLATURE A29

the upper, about 200 feet thick. The two layers are separated by 
a maximum thickness of about 150 feet of iron-formation. To 
the southeast, the layers gradually change strike from southeast 
to south in the axial part of the synclinorium. They pinch out in 
sec. 18, T. 47 N., R. 26 W., the upper layer extending about half 
a mile farther south than the lower layer. Near the southeast 
corner of sec. 12, T. 47 N., R. 27 W., the upper layer thickens 
markedly and passes into an irregular dike which cuts upward 
across the iron-formation.

SUICIDE SILL

The Suicide sill is named for Suicide Hill2 in the south-central 
part of sec. 12, T. 47 N., R. 27 W. The upper part of the hill con 
tains numerous exposures. At the type locality the sill occupies a 
west-northwest-trending syncline in which the upper contact of 
the sill has been removed by erosion. The part of the sill remain 
ing has an approximate thickness of 580 feet, calculated from 
the mapped width of the sill between its base and the synclinal 
axis, and from the dip of adjacent iron-formation. South of the 
type locality in the axial part of the synclinorium, the thickness 
of the sill is indeterminate because of faulting. South of that 
area, the sill passes southwestward without structural complica 
tion across sec. 24, north of Summit Mountain, and across the 
SE}4 sec. 23, T. 47 N., R. 27 W.. Along that belt, near the bound 
ary between the Ishpeming and Palmer quadrangles, the sill has 
a maximum thickness of 630 feet calculated from the mapped 
width and an assumed dip to the northwest of 45°. At its type 
locality, the Suicide sill is separated from the underlying Par 
tridge Creek sill by 940 feet of iron-formation. Two miles to the 
south, on the north side of Summit Mountain, because of the 
pinchout of the Partridge Creek sill and also apparently because 
of gradual crosscutting of the iron-formation, the Suicide sill is 
separated from the underlying Summit Mountain sill by only 
100-250 feet of iron-formation. West of Summit Mountain in the 
SE^4 sec. 23, the Summit Mountain and Suicide Sills are con 
nected by a large dike of metadiabase.

The mapped linear extent of the Suicide sill is more than 4 
miles. From its type locality, it extends more than a mile to the 
northwest where it is truncated by a fault in the central part of 
sec. 11. About a mile southeast of the type locality, it closes 
around the nose of the northwest-plunging syncline. South of the 
syncline in the axial part of the Marquette synclinorium, the sill

2 Suicide Hill is the site of an internationally known ski jump of the same name.
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appears in several segments bounded by faults; to the southwest, 
it terminates against a fault.

Near the common west corner of sees. 13 and 24, the Suicide 
sill is overlain by 400-700 feet of iron-formation that separates 
it from an unnamed overlying sill. The possible correlation of the 
unnamed sill with others (fig. 2) west and northwest of the 
named bodies and possible correlations of some of the unnamed 
bodies with the named sills cannot be established because of 
structural complications and inadequate exposures.

THE OSPREY FORMATION (PLEISTOCENE) AND ITS TOWER 
CREEK GRAVEL MEMBER, YELLOWSTONE NATIONAL PARK

By KENNETH L. PIERCE, ROBERT L. CHRISTIANSEN, and GERALD M. RICHMOND

Recent geologic mapping in Yellowstone National Park has dem 
onstrated that interlayered upper Cenozoic basalts and gravels 
of several different ages can be recognized. The only previous 
regional geologic studies of broad scope in this area, made in the 
late 19th and early 20th centuries (Hague and others, 1896, 1899; 
Hague, unpub. data, 1904), did not distinguish consistently 
among these sequences. Although later studies, which were fo 
cused on certain topical problems or on only parts of the area 
(for example, Howard, 1937; Boyd, 1961; Brown, 1961), estab 
lished many of the relations among these units, a comprehensive 
stratigraphy has awaited detailed regional mapping. This paper 
distinguishes one of the basalt-gravel sequences as the Osprey 
Formation, consisting of two members a basalt member and the 
Tower Creek Gravel Member.

OSPREY FORMATION

The Osprey Formation is here defined as that sequence of ba 
salts and gravels, interlayered in locally varied proportions, which 
fills or partly fills a canyon paleotopography cut both in the upper 
part of the Yellowstone Tuff and in conformably overlying basalts 
in the region of northern Yellowstone National Park (fig. 4). On 
the nose between Lava Creek Canyon and Sheepeater Canyon, the 
Osprey Formation rests unconformably on both the upper part of 
the Yellowstone Tuff and the basalt which conformably overlies 
the tuff. The oldest deposit overlying the Osprey Formation is till 
of probable late Bull Lake age. The known extent of the Osprey 
Formation is indicated in figure 4. The formation is well exposed 
along the west side of Sheepeater Canyon, where the flank of Bun- 
sen Peak is incised by the Gardner River. In this area, Boyd (1961,
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FIGURE 4. Northern part of Yellowstone National Park and location of areas 
underlain by Osprey Formation (black), type section of Osprey Formation 
(Qo), and type section of Tower Creek Gravel Member (Qot).

p. 402) recognized that the basalts and gravels here denned as the 
Osprey Formation postdate both the Yellowstone Tuff and the 
basalts that conformably overlie the tuff on the east rim of the 
canyon.

The type section of the Osprey Formation is designated as the 
cliff exposure on the west side of Sheepeater Canyon, 3,200 feet 
almost due north of Osprey Falls and just east of the closest 
approach in this vicinity of the Bunsen Peak Road to the rim of the 
canyon. The section is about 200 feet thick. It consists mainly of 
six flows of columnar-jointed basalt, several of which are separated 
by as much as 20 feet of gravel, particularly in the lower part of 
the section and at the base. The section rests on an eroded Eocene 
intrusive body which forms Bunsen Peak.

For convenience in mapping and in order to provide the maxi 
mum possible consistency with previously used stratigraphic 
nomenclature, the two lithologic facies of the formation are recog 
nized as members.

BASALT MEMBER

The basalt member is designated informally to include all the 
basalt flows of the Osprey Formation. The basalts are olivine 
tholeiites characterized by a low content of alkali metals, notably
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of potassium. Sparse plagioclase phenocrysts occur in most of the 
flows; olivine is present in the groundmasses. The basalts typi 
cally are very fine grained, dense, and nearly black. Columnar 
jointing is exceptionally well developed in many flows.

TOWER CREEK GRAVEL MEMBER

The Tower Creek Gravel Member of the Osprey Formation is 
here defined to include all gravel and other sediments associated 
with the Osprey Formation. The type section is the exposure on the 
east side of The Narrows of the Yellowstone River Canyon directly 
across from Calcite Springs and 5,800 feet N. 30° W. of the mouth 
of Tower Creek. It is described in figure 5. At the type section the 
Tower Creek Gravel rests on Eocene volcanic breccias and is over 
lain by Pinedale Till (fig. 5). The gravel is mainly cobble sized and 
occurs in massive subhorizontal beds. The cobbles are about 65 per 
cent Eocene volcanic rocks, 5-15 percent quartz-bearing rhyolite, 
5-25 percent upper Cenozoic basalt, and 5-15 percent quartzite 
and Precambrian crystalline rocks. All the quartz-bearing rhyolite 
clasts we have observed in the type Tower Creek Gravel Member 
are Yellowstone Tuff. One distinctive type of clast is purplish- 
gray to bluish-gray welded tuff with abundant white collapsed 
pumice inclusions containing conspicuously large phenocrysts; this 
lithology is characteristic of the upper part of the Yellowstone 
Tuff in the nearby drainage area.

The name Tower Creek Conglomerate was first used on the 
map legend of sheets 10, 12, and 17 of the atlas for the Yellow- 
stone National Park monograph (Hague and others, 1899). Sev 
eral years earlier, Hague and others (1896, p. 3 and Canyon 
Sheet) described these deposits and named them the Canyon Con 
glomerate. At a locality "just north of Tower Creek" Hague and 
others noted that (1) the conglomerate does not contain rhyolite 
cobbles, (2) the conglomerate and associated basalt are pre- 
rhyolite in age, and (3) vertebrate remains collected from the 
conglomerate were identified by O. C. Marsh as being from a 
Pliocene horse. The identification of these vertebrate remains, 
now lost, has never been confirmed. Jones and Field (1929, p. 
275), however, concluded on the basis of physiographic relations 
that the basalt and gravel in the Tower Falls area are much 
younger than the rhyolite.

Gravel previously referred to the Tower Creek Conglomerate 
was shown to be of two different ages by A. D. Howard (1937, 
p. 36-80). On the east side of the Yellowstone River in The Nar 
rows area he observed only gravel bearing more than 5 percent 
rhyolite. On the west side he observed that some gravel contained
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Thickness 
(feet)

~ Till of Pinedale age

Basalt, columnar jointed

Gravel, coarse; forms massive cliff

Sediments, fine-grained, laminated. 
Pronounced hydrothermal alteration 
with silica and sulfur deposits. 
Locally contains remnants of vegetation mats

Gravel 

Sand

Elasalt, outcrop subdued 

Gravel, coarse

Ash, medium sand size, clean, light gray. 
Abundant phenocrysts; shards not abraded

Gravel

Basalt, columnar jointed

Gravel, coarse, lenticular

FIGURE 5. Type section of Tower Creek Gravel Member. Measured by rough 
hand leveling by K. L. Pierce at the type locality across the Yellowstone 
River from Calcite Springs, Yellowstone National Park, Wyo. Got, Tower 
Creek Gravel Member; Qob, basalt member.

more than 5 percent rhyolite but that other gravel contained 1 
percent or less. C. W. Brown (1961, p. 1182-1183) reported that 
he failed to find rhyolite in the gravel on either side of the river. 
Our field studies support Howard's conclusion and demonstrate 
the presence of two different ages of gravel and associated 
basalt. The younger gravel contains readily discernible (more
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than 5 percent) cobbles of rhyolite, mainly from the upper part 
of the Yellowstone Tuff; the older gravel contains few cobbles of 
rhyolite and none of Yellowstone Tuff. The basalt that overlies 
the older gravel underlies the upper part of the Yellowstone Tuff. 

By restricting the name Tower Creek Gravel Member to gravel 
of the Osprey Formation, which generally contains clasts identi 
fied as coming from the upper part of the Yellowstone Tuff, we 
have selected the most conspicuous and extensive gravel exposed 
in the Tower Falls area. We exclude gravel older than the tuff: 
for example, that exposed beneath the basalt flow of Overhang 
ing Cliff on the west side of The Narrows in the Tower Falls 
area. We exclude also deposits previously mapped as Tower 
Creek Conglomerate in the Gallatin Range in northwestern Yel 
lowstone Park (Hague and others, 1899, sheets 10 and 17), 
which in fact are associated with rocks of the Absaroka volcanic 
field of Eocene age (H. W. Smedes, oral commun., 1970). We use 
the term gravel rather than conglomerate in the formal name be 
cause many of the deposits are friable, and the local induration is 
the result of hydrothermal alteration rather than diagenetic 
cementation. In other places, hydrothermal alteration has induced 
both decomposition and disintegration of clasts and matrix.

AGE

The Osprey Formation lies on a paleotopography cut in or 
through the upper part of the Yellowstone Tuff. The interlay- 
ered gravel contains pebbles or cobbles of that tuff in all localities 
observed, including the type section. The formation is, therefore, 
younger than the upper part of the Yellowstone Tuff. The upper 
part is the younger of two ash-flow cooling units of the Yellow- 
stone Tuff in Yellowstone Park and has been dated as 600,000 
years old by potassium-argon determinations on sanidine pheno- 
crysts (J. D. Obradovich, written commun., 1969). As the Osprey 
Formation occurs in canyons cut in the tuff, the formation is 
probably of considerably younger age. Glacial deposits of prob 
able late Bull Lake age overlie the Osprey Formation just north 
of the type locality. The formation is therefore of Pleistocene 
age.
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