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Reconnaissance drilling in the Danforth Hills coal field, 

Moffat and Rio Blanco Counties, Colorado, 

August-September 1976

By 

Marith J. Reheis

Introduction

The Becker Drilling Company, under Contract No. 14-08-0001-15097 

awarded by the U.S. Geological Survey, rotary drilled and geophysically 

logged 11 holes in the Danforth Hills coal field for a total footage 

drilled of 13,205. The drilling program was done to collect data on 

the depths, thicknesses, and correlations of coal beds and coal zones 

in parts of the Danforth Hills coal field, Moffat and Rio Blanco 

Counties, Colorado. These data will aid in the reconnaissance mapping 

of quadrangles located in the eastern part of the coal field and in 

the evaluation of subsurface mining possibilities in the Bureau of 

Land Management's tracts 5 and 19 located about 15 mi (24 km) north of 

Meeker, Colorado. Seven of the holes drilled were located in the BLM 

tracts and 4 were outside the tracts. Geological Survey personnel 

located the drill sites, arranged permission for access, coordinated 

the drilling and geophysical logging, performed the lithologic 

sampling and logging, and analyzed the data.



Location and correlation of major coal beds 

Using data derived from the lithologic and geophysical logs, 

thicknesses of the coal beds and overburden were determined and 

probable correlations between drill holes were made. The thickest 

and most persistent coal beds are in the Williams Fork Formation 

of Late Cretaceous age, between the Trout Creek Sandstone Member of 

the underlying lies Formation and the Twentymile(?) Sandstone Member of 

the Williams Fork Formation. Thick coals are also common above 

the Twentymile(?) Sandstone but, according to these data, do not 

appear as persistent as the lower coals. The presence of numerous 

thick coal beds precludes a detailed discussion of each bed in this 

report.

In BIH tracts 5 and 19, two zones have the most potential for 

subsurface mining: Zone one, from about 75 to 250 ft (23 to 76 m) 

above the Trout Creek Member, contains two to three major coal 

beds; and zone two, from 300 to 700 ft (91 to 213 m) above the Trout 

Creek, contains from two to four major coal beds.

Restraints on lithologic log interpretations 

Lithologic logs were compiled primarily from field notes made 

during the lithologic sampling and logging of the drill holes. Owing 

to gaps in the sampling, mixing of the rock material during drilling 

(especially when drilling mud was used), and poor recovery of the 

coals, the lithologic logs are of limited reliability and may only be 

used in a general sense. Coal beds on these logs were taken from the 

geophysical logs to minimize the inaccuracies.



R.94W. R.93W.
R 92W.

O

__  .  - T.3N,
RIO BLANCO COUNTY

T.4N.

T.2N.

T. IN

Figure 1. Regional map showing location of drill holes in BLM tracts 5 and 19,
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Figure 3. Location of drill holes, Ninemile Gap quadrangle, Colorado.



R 93 W 1 370000 FEET I R. 92 W.
107*45'

40*15'

340 000

FEET

1 MILE

6000 7000 FEET
=1

1 KILOMETER

Contour interval 40 feet

Figure A. Location of drill holes, Ninemile Gap quadrangle, Colorado
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Table 1.  Location of drill holes in the Danforth Hills coal field, Moffat
and Rio

[Measurements are in feet;

Drill­ 
hole 
No.

Blanco Counties, Colorado.

to convert to meters, multiply by 0.3048]

Location
Elev­ 
ation 

(approx)

Total 
depth 

drilled

Total 
depth 
logged

BLM tract 5
D- 3-A

D-ll-A

D-12-NG

D- 2-NG

D-10-NG

D- 7-NG

D- 6-NG

T.

T.

T.

T.

T.

T.

T.

3 N.,

3 N.,

3 N.,

3 N.,

3 N.,

3 N.»

3 N.,

R.

R.

R.

R.

R.

R.

R.

93

93

93

93

93

93

93

W.,

W.,

W.,

W.,

w.,

W.,

W.,

sec.

sec.

sec.

sec.

BLM

sec.

sec.

sec.

7, Nwfcn&m*

5, SEto&SE*

8, .SVkS&tSVk

17, NWsSWW*

tract 19

20, NW^SE^fiNE^s

15, NWSsNWW

11. S*SA**

7

7

7

8

8

7

7

,620

,546

,945

,050

,123

,755

,240

900

1,140

1,240

800

1,480

1,675

1,583

898

992

1,224

650

1,466

1,600

1,581

Outside BLM tracts
D- 4-NG

D- 5-NG

D- 8-NG

D- 9-RM

T.

T.

T.

T.

3 N.,

3 N.,

2 ff.,

2 N.,

R.

R.

R.

R.

92

93

92

92

w.,

w.,

W.,

W.,

sec.

sec.

sec.

sec.

18, NWWSE*

24, S&H&3I&

7, SWtSEW*

30, NE^SW*

7

7

8

7

,000

,345

,490

,025

1,171

1,235

1,231

761

1,171

1,234

1,231

725

1 This drill hole was added to originally planned program to compensate 
for problems encounterea in attempts to drill holes D-ll-A and D-2-NG, <to 
the desired depths.



c
o

o
M

|>
 

k
il

l 
II

 1
11

 t
il

l.
 I

I 
M

IW
I.

1
1

 H



ft 
M

M
il 

IH
IIX

 I I 
(
ill 

Ill 
*
«

*
»

O
o





31

22

2)

70

19

18

17

1«

15

14

13

12

11

10

4 -«

! - **'C » 
 3-

-^4 L 
i J-  

tT"

xbf

ft

1

r^h

- « ,-»-».   x_/   N*. ~ r-*~» * \J
    -   -r      -  -- - - -   - - --»    -*  » . -

:::7T:, ::!-.  f. . | . . .1.... i....!... i !   ^ i   5- 
I:'3 I f

 stei

VOA.. .... i..
L;

:;!!|:-^l--? 
i 1;: j: .£ ! i ^

' ^ : I j i,!   I ; 1 i- i , iii ; ; ;

-Po

. t iTT

^JLitttafci,-tfck-o
w!5L<yv«.

J -i .1 M i

 '1-1

-f-hHW
ilir
-740

j rt- 1-1 4

 vn?:

' $&

+

.

" »/.

i-^

*   *; *j 
S i m:1I* ** *  

 ^-^fa^ 
9 10

r
itff 4 1:4.1. l

Lil:
: I I

iiteE

"T i

444

44.

1U-I- *1±1
4-444.

±tt -f-

, ..

i i

dtxsdct

^44- * " " r ~ *"~f

-H

It 12 13 14 15 1* 17 18

12



M
r  

:i-fl

T
"

-h
--r

-ft

r
^

T
"

1"
^

 
-r i-t-f- ~»~"

m
^

£

3
(4-

s
Slliil

.,_)_

?* -

=K-*
::

;S
::

r
^
T

- 

.o
;;

-t-

-i
4
i'3

3
-

- 2-^i
3? 
<P4

l^
"B

W
H

«

^
i
M

.
i

£
i1-

L
i-

 4   ~

rn-
-  ----i-t-f--

lilt O
i 

«
IH

«
 

4lM
 

'



o
 1

4
 
»
H

I*
 
ti

l 
I 

M
l 

II
N

t
lU

I.
II

I

M
 

W
V

» 
O

-
K

t 
M

TT
TT:-

r
P

 
'

;S
sj

ffi
H

at
Z

T
T

I-
l-
.-

L
-

m
k^

ct
ty

 .
. 

o 
(

I 
..

 .
 

_ 
- 

. 
- 

"t
? 

'
-
U

  
  
 
 J

r.
:

V
 2

'

?
4
,

  
*
-

<
^i

i-
r
!?

 
4
-1

 t
j

r» 
^

S
1 
^

***
 ?

i 

£
:£

LA

] 
** .^F
-

i
x- *

~#
-

"..*
.'

itt
'.

i--
f-

-P
 

f-/
 

~tr
*^~ i  
 K

5E

-x
:t
r 

:±
r±

-M
-f

-

o

H
 

j
 §:

! ^
t

.^
.-

H
 

O
 

O

«
?8

~O
-

tt
*

-J 
 ~K

 §
r
r
i 

&
-:'

7
t

A

r
_
i 

J

|0
.y-

:5
 r

-^
t-

 
P*

 »
-it

tt

ti
t x

/O
 

r"
>_

fn
5
:b

O
 

'«

or
 

P
5

m

1-H
i-

r f



t-
1

-H
-H

-

.
' 

  *

il1!, j :- '.:' 
_
3
-rr.

-H
-h

-* *- < 

*
H

fe
_
_
_
_
_
 

^
  K

a
-

J
-

~3d
3H

+4T. 
3

^
w

'-r+J%
 I t  »

  I-
 

-
i 

* 
  

I

f:

,£
ii--}-

rr

>
:*£

:r?4
£

(7
 

' j i*
-
i~

0

fe
yt:

4--
n j

* -(-!

M

r-

5
T

r:T

-
-
4

-
4

-
J

. 
.3

-

l 
.- -,.--

d
^ 

5
:

3
-o=
t'

np±.'|Spt:
! 

. 
.' 

! 
i

-i-i-H

-i-H
-

£

y
-

#O

>

11-'i

rrrr

r- -

-Ttj
~1 

H
---

fc5
".>

!

4^- 2
i&

F
O

 
V

-IjH
I'll

:±
f:r

-
4

 

*

:

fT

j 
 
 
 
,
.

- 
)i).|' 

-l-f

±r
M

IM
L2l

4
-

.;..! .< j

I. I
I
 
iL

M
x
 
I 

I 
lilt

 
1
1
1
 

k
 
ll«

 
lll>



H-«

TT
: -< n

3$44-1 i

TT-4-4-

1..

r+

! 
I

TT7
4 i :

H
-

 4
   

^
;i::; 

[jJ 
:~:

J.

s
:

;«?::

a

itia: 
.U

t

^ 
   ' ; ;! . fT

A

- 
 T

M
l;

:r.

-M
4- 

i i i L
H

i 
f- 4 f

:if:

[!iff
T

T

ttbf 
' :.''

j 
. 

,

aM
M

-)-. _T
:
t
t

n-t7<d
j-i t-l:t

! 
-->

D

TO

rttx

9O-K
"

-tT
T

--
T

-~

^

±rc|:

ig-

-<w
37:

3-

T
TF-t-

iP
F!H

  I- -t ;  
 ir

-
t

L
_

iJ
:T

I
- £

\j_
. _

 -

:|:E
:

::E
|

m
u>,
ii±

ln
1
1
3
0
L

-t. rl

.-L
.$,wt

W
 

NO
.< II 

<
l\ll 

. I I 
lilt 

III 
. «M

< 
lilt 

'





»c



G
I 

"1
C

 
IN

I 
- 

T<
> 

ti
ll
 

I 
I 

M
I'
1
1
 I

II
'

M
 

W
 

4k
 

V
I 

9»
 

H
 

«
 

>a

o
M

 
W

 
4k

 
V

I
si

 
«

 
<e

 
oK

> 
M

T
T fl

-L
L

L
iJ

X
"S

"
S

J
:H

O
-.

-I
--

T
-7

 
I 
-
|
 
 
 
 
 
 

. 
I 

L
.J

 
L

.l
 
 
,

afj fl

h
* =* -f
--

tu
».

/>
 

;o

:f
f

:n -= 
t

.»
* 

r

i-
r4

-

-
 I

tr

!

^ -

r* ±
r-

r
rn

ln
i 

 -
gp ..
o

 
p

 
:::

 f
. (T

::
::

 t
n

-.
.1

..
O

-t-
±

O
im

ii:
 r

:::
.,»

-i_

J 
i

rr
"







~nrni
,
.
 

4 
.

..i-i,
 »

{'
L

,
'

TT
ITT

xn
« i

T
1H1

rr

 rr

:i

Z*1H

*5
f:

W

< 
' 

' 
ILuiijA

-K
Ll

k--|.

^r

' 
' ----»

-
-f--

-r

rH
-v

i 
I- r .

4T  '
i
?
?
:

t-H
-f

v
f):::;u

:-±
p::

3
:
^
1

^
 

:.5-:
H

  :-:.:;. ?*E
::::q;

:

-_
4
-

1

S

1

Bn
. 

-ft

-F

^-i i.
^

:_
:::

J:
J.

te
o
'irv-

.---.^
-^

.i^

T
 

1 
I

J
J
1

- 
. ' 

1
|l .1 ' 

I

:t
I
V

E
f

CD!'I
^
4

&
: 

V
5!:..i

  
I 

i 
I 

! 
i 

I 
1 

I

 
 

N
M

 
4N

M
 

M

o
ttti m

il- 11 
««» lit » »    

ilta
o



 
 II II.I.V

 I
I
 

III! 
' ! 

  
'III 

M
|l 

t



 . 
>t

|4
 

(H
I

1- 
in

 
,M

I 
M

M
IM

IM
M

o
O



d

T
F

1
}Tq

4$ rT
, m

t

i:::

1V
F

:*
±

.V--I

^
 tr 

tfJ*
I
 

V
?

 
jS

r
*
-
\
V

 
*

rt

j .

_
U

}j _
.

- ;.vii!
H-M

-'I J1 
.« J

I'H
&iq

TT

/
 

S
1

~
O

 t~
i

-

 
 
 
 , 

d
^

^:

.j_

 r- t 
     »" 

"
.
L

i

r-

f
rfr.

O
i_

3S
i

 : }
-

 ---t-f-

t
;-:

.17

'-.-T
 

. j^.,«
.

-^-}

.1:

-H
-i-»-

-

C
O

!-

£! 

 I-. -]

_«*.

 I

R

^t-t
 ijfdr I. 

L
.

"7T.*^.U
d.r;.

H
-

iT.
.-

-i-j

n
i!

J!J
!"?J3:

41
j 

1
4

 
  

-. 
»

-»
-3

-|(fl

 T
»

i;h

_n
:
:
:
!

 f=rti:
o

N
^
tf 
J
"
'
"
^
!
 

I
 

I 
I
"
' 

«
.
 
*

TJ-'T-i I ? I r fr
M

 
r<

I > 
III I 

ItJ
 

  
IM

<
 

U
H



o

ro

V
 

/
M

I»
» 

"
i 

m
i. 

ir
si

iu
rt

in



ro

t^
T

T
«4 ff

J: &
ff
l

-<
-

-i
--.G

-I-
 

^
i:

x

£g
j;

*t »

a 4
±

§̂r
"

"J
T 

i-i
l±

;f

-J-J

n
 o

i.
°J4

 
S I
.tl:

r
n

-
^
.
r
,
-
0

::s
rM

 
  
 

J-
- 

/*
  

.?.
   

^
-
P

-
X

^
f
-
>

:f6
f>

_

K)

1 
L _?K

-i

C
*.

m

&
:;
:

_i
/i 

i i\
fl

-jt
kf

W *

^ij
fi1 K M -J4J-

W
;

W
^
 

X
-4

^,

sr
e

j]
_

r -
 r

x 
.*

-

IF
R=

F

±
:-

::

I'
t:

1 
-
tt

lit
  

  
-*

 --
i-t

-
-h

-1
-^

::
 :r

..
-i
:'

r
?

}
.
f

±
±

:

-f-
H

-

:Si

i-"
^'

~:
I1

c£
r

-c
? 

j   
   

   
o
--

'-

-?
:

  
- 

 H

^
5

;i!
.f

inr
s

 
-
T

-
I
.
4
-
 
.
-
I
 

i
-
 
.

is 4
--

J
-I

J
.J

.L

_
L
,i
J

 o
 

:_7
_

rn



 I » *l
5E

 i nit 01
< t s

rH-i

,^~

i-i-'VliJ
<^

ot

u

~ ^

SI

0-H " iso"v   VnV^lJJLl.' I * »   -:       * ,-T* I 5.   I *^X ' *^' vO /Q|QJ|">1~     ̂   --___ J.iJjJjO> J
/ '

o



.«m
 i

m
 * 

iii
 i

 M
I:

O
* 

 
M

M
 

 »

L
-

fg
i-
ir
r:

 t" 
rr

rr

m 44X
ff

ifJ
I

M
i

 4T
4_

_:
^f

e
r .

it
 I i

i:|
- t

Q

;-(/
N-

*
3

:t
t^ J>

_
^
a

a
t

-f-

-r
^i

r-

_r
O

: 
.-

~_
±r

-H
 

___
___

 _
_.

:;
ir
: 
o

_
^.

.L
.»

. _
 
(^

rr
rb

.m
'P

...
 . 

» 
 

rn
nt

n:
 !/^

-.
_-

»-
. 

_»
 

!^
%

W
1-1

t-
i-

i:
i

^
o

4
-

^
i-
| 

«
;i
r<

a
r,

*i
 v

'M
T

^
.r

iV
- 

II
-P

-W
-?

'^
 "

'.
'V

'^
'f

  4
-1 i

t_
et

~
T

o^
QC

N 
' 
P _im ! 

I

£ ey

3
4 i

--f
-

X
L

- l_

i-,
ti
t;
 

j-
n

 r
h
;

ffl
i 

D
I-

T
«

 r
-t

-
-}

-



T]
TIT

-
X

n

3
-
?

-
-. i-

^
-
^

J

11: o 
0

!-^

-

7
 
5
^
-t:- 

3
Jj£

L
 
-
i^

-^
-

.P
4

3
::q

1
 
r

T
r

V

fl.4
-!-

IT

ico.
iJ

C23

T
 '

II

'o~"Tf  

O
..

-h

i._. 
p -7-f~

,^
;-

$
4-1-4-

t!--i
T.::

_j :T<.:
-1-1

H
 1-1a

u-b

3
:3

I: 
.^

 
O

gtEEEEE
-!-! -»

 I
/I

- 
-
 
-
 
-
 
-
 
-

--
-4-

;_£x
- o r

-tfi-Y
-r-*- 

j 
. 

-... -

. 
~l 

t
if

-

_:£_<£ j^T

0
.-S

f
->

 
-
N

-
O

-

rtf-B
i

r"h
H

m
Hi-

it^

«"v»'4

--f-

ii-11-
-t 

t-i t

1  

-

.

'
!fl ;n?

|j5Lg?JHl[±i±
3H

>.,._. 
,..fl

" Q
T

 
' ,-U

S
.

'H
i t_~rf'ri i

«O
 

M
l

e
 

»

M
il 

111 
K

lllt 
«

l»



o
IIIIIIM

IM
I 

IM
I 

  ! 
M

M
t 

tt»





o

o



m
l 

f 
| 
-
.|

. 
II

 
||

l-



-i T-f-r
-rtiH
-ri.H

-

TI
I

rT
TF

"^O
 -r

"

n=

O
. i:J.:.

«_-«IO!

 t

U
 :

- * -_p-

~*J-T 
^,-o
f*

-
e-M

9i-l-:(:S

vl

^
r

 i?1:

I

O

-r m

fe-
-^«

0
i.1

H
--h

5-.:-!:
r!

-4
>

t

-f-

o
i

P
:tn

iO
iit+

r
±r tffl»F

.U
_
^_

,r<
 _!

o
~

rr;

^^"j:
T

±

:±
r

,^
-V

i/lH
^iuj

O
!

if,
*
l«

--(-

I

:fe
II

:||:

U
 
f

=9 Tlr^S
'O

j U--
->

J..r:T
rh

-t-n-1-i
_

j_

- 6

o
 

e.
<o 

«- 
*

o
 

o»
»«. 

«
  

K>

M
il m

ils 11 .1111 »
i 

>. i»» i>K
 '



il
l

is-
±5

If -ft
E
f
:

4
T 

_

-i
f-

--
;

 !!4
»r.

.-r
i M

 a-
  

t 
!-

: 
JX

 'I
 r

  
*

/t .1
L

»

m
m

in
; 

i. 
. 

j 
.

ki
H

vi

tf.
J 

 

4"

4

Il
L

 "
.

I
3 cS

4
-J

-

T
^
'*

-
T

-
.

-^
r ! 3-

-z- a
 *

»
i<*.

 -
t;

-p
- tT
-^

H

J ±

:'?
!-

±
:

tf
-I

-U
-

::
:y

_

 
 o ^

U
4
-
Q

-

4
.
-r

O 5 P

T
't

&

3
.1

je
M

4

f
ilT

tr
tr

_1
:_

 
,O

 
fT

 i-
- '-

: -
---

. 
.tr

:r: tl: IL
i-H

r
I 

I.1
..1

t
 

_
L

-i-
J 

1
 

f

'f.-
Y-

i
r> P
-i

-4 ?':F

t
£

:ri
:

S~ -** 
 

:5
i

 V
*
 

I

^
F ir

 2

r:

:o
r.:

|:
-P

- 
r

1 
[



N
il Ih

t
ix

il 
m

i 
ill 

:m
«



1 
M

*
 
M

il
 

II
I 

U
II

 
II

 
»

I»
»

H
 I



fftii ft SICl Ct U 01

p-LET

-4^r

Ti
-fltt

^ 1

£

T rr 
i rt

#

-

T

P°9-

rr;

-r

- 'I

ph9:
JTTT^H-K f..f.,Ttt

 r-

fh+fi

±rf
4-*-f4--i-f^-H

14-

-frf

' ! '

Tr^P

JJ4.

H- TIrh-r-frl-
" P "iT~T 1 ~ ZXT:' ̂

f I T \rr-jffF W-. l» -t

il ii

5A*/k...-.^

.1- i.'.

m;
   ;, 

;T-^

oea

fiffl
m-ois-

fl

wr-

._ _!.-»! L IV - -  - *--  L
c^op_jhofti^^i p^ rj«%_! I I > t i f

34:

TT

0¥5
i i i MTT

tH±

TT

-otS

i   : i t

TT
J4-

rrrrrp   < TTT-

01

11

Zl

Cl

n

si

91

Zl

81

..-L,

^U

IT

TT

::{.J

TT r
FTT

r'rqx

Q£S.

*-TT-f-4~

i rm Tm
r   » '

i:»r- iTTTT
iLX

f-
 rfr 
rrr
  r 1 1

t i t

rr

4-L

TO rr.4-144-

n-rr-

-4H-
'

i '
TTTT t-i J .

;   i i i T i r f

£g"rrT

or
-ri 4-

-44tX±T4f77lT.
:"? r

cc !' H'f

ii. * 
:rr!T«i



tt  » 
i-

Ifl
1.

rti

~~o~~

--4

o>-ZI-K
» i 

' 
r*-'J.

i i /

-U
-

.« ,r-

<?

vi Ii~
-

I t/lll

,e

T

:m
:

i

it

J ,-

:ir
r1" *'

 JV
II

 
 i  
 I-

r
 _

._
_

 r
-i"

_H±
ttB

fi
IP

::i3
3

8*P

_ j
_
 
_

 
_

-,-JO
O

K
ff

.O
-lj-

-S|i 
i 

r

i i i-;o
 

I {-j-tifl

T
i^

TRJ

o,9 
O_J 
O

P-H
4

-

4afl^
-i

T
l:

:ri:
rm

u
p

"
 ~

 T
~

 Q
 "'

-|/*1'J"

.fl:

~" 
«*

V?"«

tfi

"H
-

nr

i-

w-±

_
i:.|:ijli' 

--4
--H

--

a
ff

-'
:W

:
q

,

- 
- 

^ 
^
   r! 

.-{...-.. i^
'T

^
-

4
-

i^
S

t:
n

-r
4-.-^n:Lffl:

:::?F
:::^1:

1.4:
±

rtm
-±

L
"
I 

M

I II IIV
IJ

N
 IJ

 
III! 

til 
»
<

l!i 
M

.-
^

- 
N



22 -I54o
14 ij

20

19

18

17

16

15

14

13

12.

11

10

44

.
-f 

-LF

_ T.i-.ll.HO^OG1C.J__L$.(^___ .JL\Jj:.M£

rrn:

-H444tM

W

i.

-

W.-

-H-

T+T

-U4,

-T

x::i

rt-
4-j-l
;*0f

44 ! J4.I J

~'~""~~~4"

m

:J

-i-

Iii
-4 i_

i_l L

±l± X

rw-f ±r

:i±iiidi !i3i

M
" MI TTK/i^C ar < rar

H.

J4

.   i \ ^ . 1.^ ^>-_«k -i i >-
c./^.f>><. ,»*.' S5rt\A | j i

; T-     i" ,i i ' DJ-L^. 
HTT" M i i i   i i i i '

144
LLL

-loo

.   1

44.

oJ_

44-

I ' ' I

sKH

i+ff
n:

^G30
i

J_L I I i I

tGrftJu1

:F-' 3;
i

S.-.
I I i

nx

i * i

fvVSI

A -J. ft r^^
vfi<Ml ; ,, :.a__?.nrni
irn: Iii:

, i i

X rrxr

444-j 
XLLll

'f.nr.ri.
rr

H~H~rrr- -H-rf~
,_ _f_t_4_^

44-i-

2345678

41

44T? ttt
I

:'_:rj

10 11 12 13 14 15 U 17 18



91 LI 91 SI »l Ct ri It 01

-44-f-

44-^
-L-.j.

fi

TTU.

ht-

_i_l_LLj

-4ftrt_-p-

M3

^i±
±Hi

-L-

±h ost-t
j-f-|_ ..-J-J-l-U-H-H-i

£

-t-r
TT

tr

EXt
LKz:-t 
trL*j?:[

M i>Ai--oOT"J>:

OSH

^.l'_LJ_
01

u

ri

ei
T^

 5±iif
| 1 4

"OiTN
^r-W1

SS7
.i.J_a_L

.LL

ra5»J!^0-3 
- Mai\? x»x>a

.--j-i |-

si

91

X

tn± r+hr4+++Wr"r
W!?-

 t

~ -U-L

 - -T'lTT'

iiinft
ootr

rfl-t
T

r ;-r r    

W
-.rrfilr^-i

|-t i t -T

f T T-T-

 H4-m
;

t-H-|-t!,H4.f...Tf-

*

r l l M '

ObOHOE

:?TS-
tr:

-f r-



', 
«

i|
i 

ti
t*

 «
 

II
I 

n
il

 
II

  
.!

(%
»
 »

 «
o

JT
T

T
T

£
1

1
! 

0.
4-

1 
i-

t 
.- 

'!. 
1 

!  

-IT
 

i

E
jx

r~
-T

^r
rn

nx
pi

i~
 T

- 
4 

- -
 U

-M
. H

rt
sS

w
^-

l't
t^

iiM
H

 4 
' 
>

-}
-!

-'
I 

T-
I 

*- 
Q

   
 -

f-
--

'-t
- 

- 
--

o
'4

-j
-

fl r j- '-
 »-

-.

-
J -d ti
t

:ii!
 '- i± £

. . 
jj
 
K

?
;|

irt
>»

|
-_

-:t C
L

t 
 : 
J

F

T T

o.

. 4

 IT T

T
T

i-1"

;SJ
'_:.

r*
1^

* 
r

\

It

i *-
r__ H

 W
d

t.
<

5

xj
;

±

I

_
_
_
_
|_

 p
P

T
T

T
T

 

j
£
l

;.
i-
;.
,.
..
£
..
.,
,:
..

r 
'

f- 
f

ff
i

H
-^ rh

T~
ti:

-i
X

u
-  

 r
4

r

4
4
-f

-i
  

' 
H

$
-
-
-
^

O

fi
tfl I-

H
- HI T

-T
 

f

-4
-4

G
 - f-

4-
-I

J3

4
--

i 
i

rl
c
S

tr
tt

ip
ilo

r
I 

I 
! 

I 
.

Il
l 
I

I 
i r

 i
_i

_i
_ 

_ 
iL

l-
C

u
 ._

!.
_

 f
--

i 
* 

4-

ill
?

: i
_-

,. 
 4

-

 
  
  
t
 
'

 m
f&

- T-I
:g

: rii' r 
i i 

'-  
11 11 ill

i

.14
.

-J-
--'

f :h
h

±

>:i
>:.

*» sT ,\

-'
-J

-4
J

'P
I

P
'.

_|
_

4
--

I
'.
' 

W <^
-
-
\A

l±
i

hh
f4 

*
4

1
-0 -V
»

.-,_
^. 

  
r-

-f
»
 

-

IT
0

^
_

i_
 .

 ,
_

tii
M

il

.!:
.:.

.:]



2.
]-  ~

t

H
T

r

J4
X

I

O.o
 

O

IjX

-i-i-
 H

J

1-r

-"-]:--i--
-!J-r-

\\

-x

I4i

_i.

 ri t

rrrri
-4

-,-i-

*
.,-} H

-

- 0
_
-

cu
S

.1:

v
ii^

*o-
b

. 
v>~

Itrt_i

o
llll ll.M

M
t :<M

l 
III 

.ll>
 

!< > V
0



0
o

0
5 

%

L
L

 f
iu

-£
U

.



o
o

K
M

 
It

'.l.x
ll 

(
lit

 
>

U
 

IIO
.K

I- 
V



s
a
c
s
:
:

o
0



o

v

10

1* 17 18

48



'



( 
)

0
o



8191Cl

 ^ 'ifm (-r++4-j  r-.j^s |v»jVi;:
ll 01 6

Wsv

LU 
U-

taJ-4

 rrtrT-Hf-r-t-f-rr

r&w-^'oo"1" 
-  -» ,-'- -> 

1 ' -^ A. \ »V
>Jw\'"l'MS ^^D rfOO\ i 11 : T | T T' » r-r"   r

L-,.--^  ri

±ri
+i-H-

zu.rni i  __ - -. j-rr  

tr   r*-
T-fTffe

TJ
rt

q#
_._..._,._

_U-U.-~I-ixri
» <. ,

iTT

QfH

I I ! 4
I I I i i i i I ! i . i i i i j i LLJ. '.'tffff

i"r r - rr

4-4-^H-ffl-f I M | i j i I -i-H4fo
I ! i   I-ii rr-^-.-r 

K-sJVj-s^T- -..^--?-Jr3S

i __i

TTT

! I I ' i ! I

1.

^d-

1 1

4j.i q TThip,

J-L

-f

rr

H^ti^R-

^i!Cti.B»!j 5»Jkf-
$5hgj

Yi

J.L

01

u

1.1,1

SvO:

J_L
0-Lrr

tl

SI

91

-i-UU
nTTTrPr

TR::m-i
_,..:::-3^02,7^0

HfU4j_

Ttrr

_
raEiT?

»5.^i-f
f^M^P ̂.^ry ̂7x;>rrrri-r 

»y«uo5r B'\/i^s^vCi ^'VtQ "\fi ^oo ^"7*1" I T";  ' .~r t  ^ -Ti*~r i -.   v r ... / T» l»  I i ' ' ! '   ' i I t t ; i i > ' j i f i  

IT

rn: 
401rqrjTffFSffl

? i

L __

TTTT -rrr-r

j.itr-.H-H-flii^i j-Mij

i i ~rr

-

t

fit
rF

i !  *

.!ii3

xq-T+f
~rrr

:-rH
-hH-
~rr?T
 H-H--

31

61
^"g-
oiu" oz

-r-r-

nTp

t

U

zi



o
1 

H
l|

|-
|i

|l
 

II
I 

Il
ll
 

I 
I'
M

IM
t 

II
I!

O
» 

M
 

»
 

 «
 

O
A

 
M

irp
r 

-l!

-i_

"r
!" 4-

jL fl
l.

U
.U

--
! 

-t
l-
t-

J
 h

h

f  1-
lT

Ep
:|4

K
 

. 
.
.
 

I

-4i
-i-

H
-h

f-

. .
0
.

f  1-
--

ii.

i T;
:IC $ lit

ii

i:

"-) 
1

j~i
 i 

r .
L i

14
 f-R

- -tt
1 ^ f:i:

r

L
IT

yj

__
_

±

1

_
L

..

iTf
TS

1;

tt
u

"_
I_

. 
_  

M
-

: 
:^

c^
 ,

?,
.

.*
cL

'A
_ 

I-

¥"
'?

 

t
?

"

X
I

,.

i

:!,
:-.

t/»

li
lt

t
-; i:

cS tl -p It
£
-

--
i-

/i
-

:U

g
r^

,^
rf

T
i-
^.

t-
, 

."i
vA

.i 
}_T

.

ill

-I-

i-H
-

:+
tt

 
W

!-(
-

±t
±|

: 
±

Si i

x
±

- 
±

±  *
 

±r
.i!';

!!1
!'

- 
 -

,-
! 

 I
 

(-
-.

 I
 
 

4
-L

-.
..-

I.
-,

-!
,!

-

ij-t
t

-U
-i

-t

4
t

 i-
t~

h

-t-t
r-t

it
it FP
P

V
-

.,
-.

 
, 

! 
.0

1
,

 v
»

-
r
 

--
r>

--
 ' 

*
  

i- 
f

"r
T

- 
=F

 
O

~
r

tr
pn

rr
:.

-:
:r

m
i'
L

l.
!!

-.
 C

?

..1
.;

 
[ 

^}
.:.

.»
. 

4-
 i

 
. 

. 
' 

~
r

±
h
lj ̂

-h
'--

'- 
  

5

L
U

. 
U

±£E 1
4

-j
. 

I-

.U
f-

iq
.:

. 
,.

I
P 

..
. 
^

-h
-r

rF
- 

-i
  

--
  

x
tr

:

- 
. 

J

i£
£n

_^



0

*.
 

V
 

*

U
l

to



i -
_

.|-0
.

i 
«_j

  i  *
 *

  
 
-
 

. 
j 

¥
>

- -  

Fn^irnr
i -

K
^

O
iO

H
V

.I

']--

r--f-!-

FT"

:i-m

|W
Fi

_LLL nr

ft F
T-
-
 -t T

TTT

<!>; 
-

O
f 

..v»..

2$'

~
-«

r*i

4T

#:it:

-H
o
p
d
l

41   t

7/» 
w

 
L

rL
tfa

.

c
V

f-J
,f
^
-

o- -

- (-

IT3
3+r n;:

j:F^5.

.|  

4
-H

-

-r

r:*

o~-7±

tq:

j£a

. 
a

E
:

4  

"J::

-»-
pT

-t-

1
i'

jtf«:
«I

j
ir r
T

1
! 

U
J

^
-M-

V)

trt-;w
'1

o
; .

i.  -:«-.:r:
I
T

.V
 .]-{

 
\
l
r

ii^m
k

  O
f-i

'r<
! <

:W
:I

_L-L_'~
-»

r - -t
iro

i
_
i
     

' 
' 

' 
*

M
 
  

«

O
iiiiii.iiv

ii .1111 tu » ">> m
s v



91 SI

h+4-r

Cl Cl 11

n n

-U-

J-U-L

-U -

 -rrr

r-
J r H

I       t

rrrr

j_j_:_.

±r-

14-L

^H-%

%S

4-4-^

;

n

*4~»_,-.
. i, i IT

__>_r^.

ffii-

i^baV-^
?  i*^

._>.-] -:r:-

-h
-t_4

J_L

tjT I "I"!

JJ.

*
i

iTtl::

$»5iq: rj-_I-f:_: 4~

 H44-

1

^s-

" r'r

^H4

IT

rr-TT -rr

T.

l W ; * %< :  , . ! i , . .T .  ,
 "l~r~r-r-t    - - 7

U-

&fu-

TTT

Wr01

It

u

Ct

n

SI

91

Zl

^t

ot

u

o



vOm

e
 

o>
n
 

«

\i IN
 i» tin

 **i s n
n

 »f»s  



m

tllS
 l>

 .1111 
«
1

 
IH

V



K-'H  
r
 ---- -

|_.::: >

i  
_

 S 'T
^

^ 
 »

 »
 

,

.-».«  

i - - -
I --*- 

I-' -

 *
1

"<n!

T
r?

-HJ

6
0
;

.-I-4
-.

w
4

 <
ri~

14

i-H

:n±r
4
4
4
-i

 F
'

4ttH

4^:I1-* i

   H
 

T 
1 

f-i-1

FF

4rr
ri '- T

o--3- a#Ii

! 
. 

_

-~
4

ri±
 

-t-

-h

T
O

E
T

 i-1 i-T
t-rt. 

J_LLLtlLJ._L-

- v» -
-£::

^s
'o>

! ii-i.

t

 tfr

«H
||::E

_
_
!-_

_

cp.

<
i

i 
' -T

l -^
'

/» -M
-.cf-

T

 m
»
r.*

f*
t*

*

ffl ->

J

1:-t

:±

TF

4
-U

-.

5
5-H-r
4-

11

» 

«
 

M

oo 
m

is 
-a

IM
IN

 11 tin i i>i >. n
it im

i  :



p
rrp

rrrr
! 

iu  -' -----
n

f
1

-
If

-W-H

iIP!
_:«-±f
^:r£3

W

T
fli

 4fF
o

 "4-!

:»
x

-4
-i

i?i

_L-

r-gr

0^

--}. -.
-4

H

! 
T>-i-f -" -'-    -i;r-t-j.-> 

-rl !- - r r;-!
J:'"N

i

:.]::

T
ti-

:I

u
i-t

> 
I;<'

i-ji-ili-ll |'!j

I
^m

4
-

id*
ffi

O
-ii:

T-R
-H

-
.  ,--J--

o
'.ci^F

- 
_/ -  - --
0
-,-b

:

1
*

*4 i^-^L

;-feV,
-t-H

-
:   :l>

T.C'- 
\ o-

4~ -

TE
crt

"3
/

^
 i

.2i:
-v-

-f-

:i
t-4

r r

,o

O



.MTHOLQGIC. LOG,_.

6 K

4 -

2 ~

10 11 12 11 14 IS 16 17

60



J4 _  __ ..

22

20

±i±t 4H-

:^»^tf

17

r.4j<

t

-txu:

4.4-JJ-.

-4444

itffl

.J.1

...j i.4'-mIji!

fl

hi

, . . l  .- | . . j . . ' . . . j . i > ; I i . 4

;!:lll--p|::i'l^i i!::li:!rj-rJ""
l.i i

-570

Tf ~M- T..LLI i LLJ. UTi : t FT1 n I i

±
* i I

+ff

TR1
SK<H

rarcfi
u^iJ±j-

fflf
-550
lulu: 
i4i-r

-U--U-( .i-i

!.~i '. .

;:rar

i L i4: zti.rr4-TJ4- ljj-|-
t' ! I l~"l ''."

±di
dltl

Sl4

d±ri

 

L±.

4-1 i L 
1 i : I

: LI j_
-J -ILL

iitj

i n

_1_;___i

L-J.i -L'

?
.... l j

J_L

+HT
15

14

13

12

11

10

LL

4.fef
4-H 

44^

-rrt- TTI i± -ia_L

444
15^0
i i M

TTt 4] 44
~ ! I '

T+ff

f-t

1444. ±^; * ? i

.._LI

T^
-l_U-;j-4.i'-1 .'_!..!..i_' JV! ^_ , ._t
U-u*LJi--qrflLM-sJ±LCv sVp.

U i i i i   i ! »ii ' ' ; I   i 1 «J   'i i O i l 
jl~2StLa^alcarS sWrT*«\V«^b<d<>

KU .; L i

Tj n-n-

 rtt±

j_ _'4"

''it
i !

-rtV>TT" 'T
TTT

-i^_?0
TT

1 !

1-t

I 'III
J-U

-^-H-H^"M

±tb±r±

i ; 11

dfiSO: 1 1   ' .1 i

ii
Ifc^Su;

-i-U-f.i * .1 r

-500
^yfSt0
_^_btcux>5_<

.Ccd1 4-H-

5

_i. -i w&^fcTS'iTYK

. . .

TT

,4^4-i.

....  j

f\ . iv.oM
_5rt>
SEE

44-

IirUUli:. 
; l iii

 T r

-uUi4-

.^4 H:^"^""a "

l^Tl-
4 f-

:;.TI2T -t-t- ? wj ^rav/s»Tsn^::::
. . . . i
nrd

6 7 10 11 12 13 14 IS 17 18

61



_ LOG _^_Hoi-E_£vJ
.,.,,.7777-^.

i^I^ :

' tU i: -:

4 -

15 U 17 IS

62



24

23

22

21

20

:,:|7r 4-4-4-14-
-4- L.OG.

4-Ui | i i . i .J±ri±u.. i, M 11 rrr
%1

^^4

HOLE &-5-MC
+H- 4

atr1 -

111

!J7D-

j^-n

g-ljirf-^:

-f-

itii
18

17

16

15

14

13

12

11

10

-444

-LUJ-L

TT

41* 1,11

-JLJL__L.

t±T"*" .~t

j .1 '

4 COO+4

J_L

s  fff
LJ. Itjf_LJIE-H-4-+-

-i-ff- -i-I-L 
J__I ;rr J--

111 i _ _ 

1

tj.

6 -

4 -

tz

h _"

LI*

i~t~

i

#

±r.

TT
 *-

M ' M '-i-L J-LL ,

m
--

_ A_i
itr r i i   i i r r

rx

_l_L-L

+&
:r ^TTp -i -;-

-4-4-

i iinz  i   

_1_L

MM

 nrr
141 r

3±b
Dlr E±i£in±ii-~

J_l__._

.i.._:_j_1

ijoW
11 12 13 15 16 17 16

63



( 
J

*>
 

tn
 

o»
 

v
 

oa
 

 «
 

o
M

 
W

V
I 

O>
«
 

 *
 

O

Jr
rr

f
i-i

^-i
- -1

  -tP
if

fl
;n

:
13

-T
in

:
-t-

Tt
it-

X
-j

rr
ri

i|.
.!

^i
:;.

'j-
-b

i
-1

-
-|

±j

=
t

tt
a

::
±

t

±
:

::c
l>

-|:
 

-"
o

-t -L

r H
U

-
t.
j-
 
0
-

Kg

i 
I  -E

h.
-H

-l
_i 

'_ 
_ 

_ 
_

S
p
!

U
U

-

±F
^

4
-r

ff
-

__ U
J-

L
4-

L
i_

. 
1 

i 
i

_:
u

+
t±

t 
_-

._
-t

_r_ 1

>*
~o

-

v_
^ Jt

l 
i 

!
I 

i 
<

£i
±t







o
0

v>
 

 >



0
o

9
. 

CO
 

>N
 

<O
 

K
*

M
«
 
IIM

lv
 i i 

III! 
o

l 
t 

1:11

f» 
rto



0
>

N
O

0
c



24

73

22

21

20

19

18

-3:

iW
"i-LI-t

j£ti
.1 '..,_!.-

-/OJfO
.i_._L

. <r>. 
o .

4-3-I

LOG

 - -t ri

. la.
J:i±!±Li

j-^_f_. J -a_L4_4 L__ 
J.IT ..U4l444__.-,

_*_.
_ £*

i±t ±

WQ

1.144.

M M i-i j j, J . i . M -

i ; vfesc.t" p' ̂  ty\i ..
4^-HHinft-H- -

:m, g

:i~i

'**X**-&.*3±t

, >

_U_

---

U-i-l-.ijffl

y^ ±fifi ±t±fcrt
I'll i

_-l.

I..LI

t±tt i  _  "tit T" rf
rn

16

15

14

rot
 M-H

H-
04-

«-*-»  f

4^

Mtt

XT

 ~SOTTO

<^V^\

12

11

10

it.:
-fc: 
H30,

ro
4-t-r

J_L

tr

4-J-

EH T~r

«@L
L_LJ_

ft  r
1 SS\»i-M.1 <^V: QT**J"

iii * l I 1

-h-

ttt
i , L ' t

_i_;  -H-7Q

uxnr  -t -h

 r_ccr

T~ :*??, ~<~T > 
.,___fizr :^±

44

-f-r

t-  ^ MMtl.it

TtTT
1±|I

tt±h
:^t ±i:±t±t

J-L-i-»-

EH^
:4%-r
*--*-   »-
H-H4-

S 6 7 I 9 10 

70

11 12 U 14 15 16 17 IS



u
u 91 st ft ci n u 01

TTTj"
rn

-:4:± 
.. -i [ .m
ffl i'li

-r-

-H-H 
r» iTi

HH-

Stffl

jj   ilU-L.

_l_:j_J< JJ 11.1 i i..L

±i±d± ;-lr Ti-;_i_l.
) rh?>J.Vxo -

i rj_l r i [_i i c i t .. , »,;;_, ._ | ij_ i _ ^. - « i; 
UI.'P »-\^S^\r>r^Ooi J.Kl.c^jD.;.''^'* ̂04 i4S. AJT^ .

JJ_: i i

-J-Lf.' ' i
NXJJO ^ICl p i i nv

rrf

rTri

' L . . .L -i
TWfFFH-:  »O Nv^b^in

FP?> __

"TT

-H-H- p - * * t t * -

^rffr^-
rrTf 

:n

 ;~M

^i- fSr

rri.j_^LL!

..r.nvrz

PtH-

4--L-L

I l

rf

TTT

TT1T

UJ4

m

;4F ix_;
Mfl- n-rr

iii

TTTT

i   n

-H

-rr-r

rrH- _U-LL
XXL

'.TTI    !» -

l''|

XI

H4-

.1 ! , i-

m=f

4T

©? H>'l-<
i 1

ITT!-rt

rrr-utes TTrf V  ~r""

1L   n Ml   r-"r!r jr   "-T nir : t*r   trirh *-M T ; r- --in "--it ^     \ : ! j-^ r r

M   t j | ' » y     ; j j ; ' : ' j i i i : f ' '   'I ' ' ' 
J3^i Q^'O^S TYTtV>) 'W"^*_\ Vf°''£cocrT

--
-p-i  _j-. j I j -r - -+-|-f- j   -

7 TTT-

-imlj-r-i--mnT 3» \ <7 UtiK-art ""'"T

-|-fTt

Txfr
-ppr-

T14-

rR4-
te

3JO

r       ('  - ('      '  \ >' i; t         j f'    "v/v-'b-'cr1^
R^-r- .rrr:

. ^v,/,,,_,. ^..v.. ,... ^o^\ "^\«>cnoH'lnf  

f}44 !R""inT
ail-

-GO/rj

^:

rbF

^S^r

T- ' r
Sfcp- n * r

 Q*T

-

^H
;l

01

It

Zl

Et

M

91

Zl

81

61

02

1C

__J>i



^
r

m

T^:

ttH
' 

-H
:

li-J  : -   H-l
-

.-,

ul00

I 'I 
' 

\~
t-

ito<r»

V 
-

w
,

4*.

£
-

.2
: 

!.
_or»L

.

-
T

:4
:

rrrj.

-u
 - -

-w
»4-

 n ̂ *->-JL
i-'- 

Z
T

-l-l-;\'f H

.-IA
.-U

1-H
-i

^

=
#W

!

4-

co
:FF

-I6
h

Ilcr-H

Ti
t"

:
CMIN

.

5
;:

0
:^

1

H
 .: :i:

^" *» - * * -"

i i > - j i_^ '_!

"^r"NB< 
i~^-"t^T

_
j.r.   »
*
&

.

--^^>-
- v»

Ĵ
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Figure 13.-- DRIL1 -ROLE D-MW
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Figure. 14.-- DRILL-HOLE D-4NG
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15.-- DRILL-HOLE D-S-NC
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figure 16.-- DRILL-HOLE D-8-NG
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Figure 7.   DRILL-HOLE D-3A
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Figure 8.  DRILL-HOLE D-llA
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