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INTRODUCTION
Stratigraphic sections of the upper part of the Upper Cretaceous Menefee
Formation were measured during 1979 in the Kin Klizhin Ruins quadrangle
(fig. 1) of northwestern New Mexico. The sections were measured in part to
complement studies of coal bed distribution in the Menefee Formation in areas

. to the west in the Navajo Indian Reservation. Geologic interpretations of

these measured sections are being reserved for a subsequent report. The
sections are made available at this time to aid other studies of the resource
potential of selected parts of the San Juan Basin that are in progress.

This report is a part of a regional study of the coal potential of the
Navajo Indian Reservation and was done on behalf of the U.S. Bureau of Indian
Affairs in cooperation with the Navajo Tribe.
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Figure l.--Location of Kin Klizhin Ruins quadrangle (stippled).



MENEFEE FORMATION

The Menefee Formation of Late Cretaceous age is widespread in the San
Juan Basin. The formation is coal-bearing at both the base and the top but is
virtually barren of coal in the middle part. The lower and upper coal-bearing
units contain brown and gray carbonaceous mudstone and shale and lenticular
beds of sandstone and coal. The middle unit, which makes up by far the
largest part of the Menefee, differs in that it contains only a few thin, v
economically unimportant coal beds, less carbonaceous mudstone and shale, and
a greater proportion of sandstone beds. Individual beds in the formation are
characteristically lenticular and discontinuous.

In the area near Kirtland, between the San Juan River and the Colorado
State line, coal is present in the upper 250 feet of the Menefee Formation and
constitutes the upper coal-bearing member of Hayes and Zapp (1955). They
stated that "nearly two-thirds of the calculated coal reserves in the Menefee
'Formation (north of the San Juan River in New Mexico) are contained in the
upper coal-bearing member." Along the south-trending course of the Chaco
River, coal beds are locally abundant in the upper 250 feet of the Menefee; at
other places the coal beds thin to near nonexistence. Coal beds are
especially numerous and thick in the vicinity of Sanostee Wash. Along the
eastward trending course of the Chaco River, the upper coal-bearing unit
contains a few coal beds (some as much as 8 feet thick) that almost everywhere
have been burned at the outcrop.

The Menefee Formation is present throughout the Kin Klizhin Ruins
quadrangle. The overlying Upper Cretaceous Cliff House Sandstone and at
places younger rocks conceal the Menefee locally in areas south of the Chaco
River and more widely in areas north of the Chaco. The Menefee Formation in
the Kin Klizhin Ruins quadrang]e is probably about 2,500 feet thick; only the
upper 500 to 600 feet, which includes the upper coal-bearing member, are
exposed in the quadrangle.

The geology of the Kin Klizhin Ruins quadrangle is briefly discussed in
two reports. A preliminary map (0'Sullivan and others, 1979) shows the
distribution of rock units in the quadrangle. The coal geology iS'EUrsorily
mentioned in a report by Shomaker, Beaumont, and Kottlowski (1971, p. 52-56).
The measured stratigraphic sections are contained in Appendix A. The location
of each measured section is shown on maps included in Appendix B. Measurements

in this report are in feet; to convert to meters multiply by 0.3048.
3
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APPENDIX A
Measured stratigraphic sections



SECTION K-1
[Measured in NE 1/4, sec. 36, T. 22 N., R. 12 W.]

Thickness
Feet
Cliff House Sandstone:
5. Sandstone, light yellowish-gray---=eeccecacccccccacaaaa- >10.0
Menefee Formation (a local tongue, incomplete):
4. Sandstone, yellowish-brown and shale, gray, interbedded- 1.3
3. Shale, gray------ecceeccceccccccccccccccccccccncccnccacee- 2.1
2. Coal, impure; weathered---=-=cccecmcccccmaccccnccanaaaaa- 1.2
1. Shale, grayeeceececcccccccacemccccmmccccccccncccccccnnnaa- >5.0

Note: Coal is in upper part of tongue of Menefee and grades north in a
short distance into gray and brown shale. The tongue of the Menefee Formation
nearby has chertified fossil wood.

SECTION K-2
[Measured in E 1/2, sec. 8, T. 21 N., R. 11 W.]
Cliff House Sandstone:
35. Sandstone, yellowish-gray; forms a massive cliff--e---- >50.0
Menefee Formation: ‘
34. Sandstone, yellowish-gray, abundant Ophiomorpha; forms

a steep rubble covered slope up to unit 35---=cc---- 50.0
33. Shale, dark-brown to dark-gray, somewhat carbonaceous,

resistant, fissileemmcecccmccccccccccccnccccccceaea 3.5
32. Sandstone, gray; forms Cliffeeeecemeccccccccaccanaaaa-a- 11.0

31. Shale, dark-brown to dark-gray and sandstone gray to
dark-yellowish-brown; interbedded in very thin even
~beds 0.1-0.4 ft thick; forms lepe and upper part is

set in under unit 32-c-ceecccccmmeccccmcccccccdaaaa 5.0
30. Sandstone, yellowish-gray; forms cliff-cececccccccccaaaa . 15.0
29. Shale, carbbnaceous, black, resistant, fissile-~=c==--- 0.8
28. Sandstone, yellowish-gray; forms ledge------ecececcaaaa- 3.1
27. Coal, very impure----ce-cecccccececccccccccaccccccanaaa=- 0.9
26. Shale, carbonaceous, black; resistant; fissileeeecca-a- 1.0
25. Sandstone, gray to yellowish-gray; forms slight ledge-- 3.0
24. Shale, dark-brown; fissile; micaceous; resistant------- 1.2
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SECTION K-2--Continued

Menefee Formation--continued:

23.

22.
21.
20.
19.

18.

17.

16.
15.

14..

13.
12.

11.

10.

Sandstone, gray and yellowish-gray; some interbedded

medium-gray shale and brown carbonaceous shale;

forms steep slope--===c-cccccccmcaccccnncaaae- ———--
Shale, carbonaceous, dark-gray, resistant; fissile-----
Sandstone, yellowish-gray; friable; forms steep slope--
Shale, carbonaceous, black---=-ccecmccccccccacacacaaaaa
Sandstone, light-gray and brown, mottled dark-yellowish-

brown; forms cliff; no Ophiomorpha noted-~=--==c----
Shale, carbonaceous, black, resistant; poorly exposed

\

because of cover from unit 19---c--ccccmccccccccncaa-.

Shale, white; evenly bedded; only locally present------

Coal; very impure=--e---c-—ecccccmmcccccccccccccccecene

Shale, medium-gray; forms slope==e=e=e-mceccmcacccnaaan--
Sandstone, yellowish-gray; forms slight ledge---=ec--ee-
Shale, medium-gray; forms slope-=---eeeccccccacccacanaas
Shale, carbonaceous, black; resistant; forms slight

Shale, medium-gray; contains dense black irregularly
shaped ironstone(?) nodules as much as 1.5 ft across,
with calcite seams; unit forms slope-====mccccnonao——-

Shale, dark-gray, somewhat carbonaceous throughout but
basal 0.7 ft and top 1.3 ft are black carbonaceous
shale beds like 7 that makes slight ledges, with
middle part a slope-==c-ceccccccmacmccmccccccccaceaae

Shale, light-gray to yellowish-gray; sandy; forms slope-

Shale, medium-gray; Slop@--=-ce-cccccccecaccacccacacannanae

Shale, carbonaceous, black and dark-brown; conspicious
slight ]edge----------—------------~-Qt --------------

Shale, medium-gray; forms slope-----=-=ceccmaccccaaa——--

Sandstone, yellowish-gray; basal 3 ft locally forms a
ledge; rest forms a slope-===aceccccccmcccaccccacaaaa-

Thickness
Feet

7.0
2.4
25.3
0.9

40.0

5.0
0.3
0.8
5.5
3.2
3.0

3.1

12.0

6.4
3.5
5.0

0.8
1.2



SECTION K-2--continued

Thickness
Feet
Menefee Formation--continued:
4. Shale, medium-gray, sandy; forms slope-=--=ceaceecacaaa- 6.7
3. Shale, carbonaceous, black; forms slight ledge----=-=e-- 1.8
2. Shale, medium-gray-----=e--=cceccoccacccccaccncacncanana- 3.0
1. Sandstone, yellowish-gray; partly crossbedded,
fluviatile; forms ledge---=-e-ceececcecmcccacccccaeaa- 20.0
SECTION K-3
[Measured in SW 1/4, sec. 4., T. 21 N., R. 11 W.]
Menefee Formation:
4. Sandstone, yellowish-gray; channels into coal of unit 3
with 3-4 inches of relief in 1-5 ft laterally; forms
ledge-=--=meccmmmccccccccccr e cccncc e cccccccceee >5.0
3. Coal, weathered----eeecacccmmmmcccccccccccccccccccceeee 0.8
2. Impure coale--=ceccmemaccmccccmcmcccme e 1.6
1. Shale, carbonaceous, black and dark-gray; nonfissile;
somewhat silty; base not exposed-------c-ccccccanac-- 5.0

: SECTION K-4
[Measured in SW 1/4, sec. 4, T. 21 N., R. 11 W.; Section K-4 is about 150 ft
south of Section K-3; section starts in alluvium but in beds that are
stratigraphically lower than at Section K-3.]
Cliff House Sandstone:

11. Sandstone, yellowish-gray; forms ledge----====ccocaceae- >30.0
10. Shale, carbonaceous, dark-gray; nonfissile=eeeccccac—cax 1.3
9. Sandstone, yellowish-gray; forms ledge-~----ecccccaceca- 20.0

Menefee Formation:
8. Impure coal--not present at Section K-3; probably cut

out by unit 9eccmccmccccccc e cccrccraeaeeee » 0.9
7. Coal same as unit 3 at Section K-3--=-cccmmcmccmcccccaaa- 0.5
6. Impure CO@lecmeecccccm e cac e cccccc e | 1.2
5. Shale, carbonaceous, dark-gray; slightly fissile-===-e-- 7.0
4. Coal, brown; a 0.13 ft shale parting at 2.3 ft above base

Of unit-c--cecccmccmmcnmccccccm e mm———m———a- 2.8



SECTION K~4--continued

Thickness
Feet
Menefee Formation--continued:
3. Shale, carbonaceous, dark-gray; slightly fissile--==e---- 2.6
2. Coal, weathered; poorly exposed; no partings noted 4,2
1. Shale, carbonaceous, darﬁ-brown, to dark-gray;
somewhat ffssile; base not exposed----=-cec-ccmccaaaa- 3.0

SECTION K-5
[Measured in SW 1/4, sec. 9, T. 21 N., R. 11 W]
Cliff House Sandstone:
5. Sandstone, yellowish-gray; contains Ophiomorpha---=--=-- Not measured
Menefee Formation(a local tongue);

4. Shale, medium-gray-----=eeececccccamecccccamccacacacaaa- 2.7
3. Shale, carbonaceous and a little impure coal, dark-gray
0 blacke-=mmeccccccm e 1.2
2. Poorly exposed, laterally interval is carbonaceous shale
and some thin-Tenticular impure coal--==ceccceccaaaa- 8.2
Cliff House Sandstone: _ .
l. Sandstone, light-gray--===e--cecaacccmmmccccmccccmcacaa- Not measured
SECTION K-6

[Measured in E 1/2, sec. 5, T. 21 N., R. 11 W.]
Cliff House Sandstone:
12. Sandstone, yellowish=gray------eececcmmcccamnccmacacaaa- >10.0
Menefee Formation:
11. Shale, medium-gray; fissile; contains thin
' sandstone splitS--cemcceccccmccccccccccc e 4.6
10. Sandstone, gray; flat-bedded, basal part has numerous |

shale partings; forms ledge------ccccccccccacaaaaaaa 1.7
9. Coal; a 0.1 ft clay parting at 0.5 ft above base;

probably equivalent to unit 4:at Section K-4-eeeecaa- 1.8
8. Shale, carbonaceous, black-eweeecccacccccanaacamcacanaas 0.8
7. Shale, brown; fissile-=eeeeceemcmccccccccccccccccccaecaas 3.3
6. Coal, very poorly exposed--==-=c-cecccmeaccccccccacccaaaax 1.5



SECTION K-6-=-continued

‘Menefee Formation--continued:

5.

4.

Shale, carbonaceous, black; fissile-=eemccccccccecaaaaan
Shale, dark-brown; slightly fissile--eeemccmccacacaaaoan
Sandstone, light-gray; friable; forms slope--=-===-ceea--

Shale, carbonaceous, dark-gray; fissile; forms slight

SECTION K-7
[Measured in SW 1/4, sec. 6, T. 21 N., R. 11 W.]

Menefee Formation (a local tongue):

15.

Shale, brown and carbonaceous shal@-=-ewceccccccccaacan.

Cliff House Sandstone:

14.

Sandstone, yellowish-gray,---=-=-c-ceccccccacacacccnaaaa-

Menefee Formation:

13.
12.
11.

Shale, medium-gray, slightly fissile-----=-mc-ccmeaouan

Shale, carbonaceous, dark-bfown to dark-gray; fissile;
resistant; slight ledge; a 0.1 ft coal at 19.1 ft

above base underlain by 0.7 ft of soft impure coal--
Sandstone, light-gray; forms slight ledge---=ce-ccacea--
Shale, medium-gray; forms slope----=--ceececccccaacaaa-
Shale, dark-brown, slightly carbonaceous; fissile------

Shale, medium-gray; forms slope; contains large

ironstone concretion 1-2 ft acrosS-==eceeccceccacaa-a-
Shale, carbonaceous and coaly; slightly fissile-====w--

Shale, medium-gray; forms slope; contains thin gray

friable sandstone beds---===cecaccmcccccmccccccaao
~Sandstone, yellowish-gray; friable; but locally forms

slight ledge; middle part contains large rounded

concretion as much as 4 ft across by 2 feet thick---
Shale, medium-gray; forms slope---==-==-cccccaccamccaaa
Shale, carbonaceous, black; slightly fissile-cececeeea-
Shale, medium-gray; base not exposed---c=-=we-cceccaua.

10

Thickness
Feet

0.7
3.8
5.3

1.0
2.0

15.0

100.0

1.0
0.7

24.0
3.0
2.5
2.4

5.4
1.0

6.2

10.0
6.1
1.0
3.0



SECTION k-8
[(Measured -in SW 1/4, sec. 16, T. 21 N., R. 11 W.]

Cliff House Sandstone: ~

43. Sandstone, yellowish-gray; forms cliff--ce=ceccacecao--
Menefee Formation:
42. Shale, medium-gray to brown---e-ccceccacccaccncacao- ————
41. Sandstone, yellowish-gray; forms ledge--=e--eacccacaaaac
40. Shale, carbonaceous~==s=ccceccccccccccncacacnncccacccans
39. Sandstone, light-gray; forms ledgee=-ceee~cceccacaccaaa-
38. Coal; poorly exposed; badly weathered------escccacccaa-
37. Shale, carbonaceoOuS~=e==cemecccccccccacccacaccanacacaa-
36. Sandstone, light-gray to dark-yellowish-gray; forms
slight ledge~-==~cececccccccaamccccc e e e e
35. Shale, carbonaceous~==ceeeacocccacccnccacaccccncacacaas
34. Sandstone, light-gray; forms slight ledgee-e~cceca-aea--
33. Shale, carbonaceQus~==---=eceeemcccccccccccacccnanccaq0-"
32. Sandstone, light-gray; forms slight ledge--e~-ccaceec---
31. Shale, carbonaceous, dark-brown, weathers dark-gray;
slightly coaly-=~eceaccncccmmcancccccncccccccccceaae
30. Shale, medium-gray to brown; forms slopes===s-eceececea-
29. Sandstone, dark-yellowish-gray; friable; forms slope---
28. Sandstone, light-yellowish-gray to light-gray;
crossbedded; forms ledgeee=ecencaccccccanccccaccna-a-
27. Shale, carbonaceous, dark-gray; fissile; much of it is
clinkered, particularly the upper 2 fte--ecececaaa--
26. Shale, brown to medium-gray; forms slope~--ee-cecccccaaa
25. .Shale, carbonaceous, very dark brown, weathers dark-
gray; Coaly=ssmceccccnccccccacccancnccnccccccnancaaa-
24. Sandstone, yellowish-gray; forms ledge--=---eccco-ccaa-
23. Shale, medium-gray; forms Slope==se--ccecccceccanacaaax
22. Sandstone, yellowish-gray; friable; conspicuous
marker bed at this locality---~--cec-caccmccaacaaaa.
21. Shale, carbonaceous, very dark brown, weathers dark-

gray; coaly; fissile; for?i ledge-===vmocmmonnnceanx

Thickness
Feet

>30.0

2.4
3.3
10.8
6.3
3.1
3.5

0.6
2.3
0.4
0.3
0.3

0.9
6.0
21.0

10.0

4.5
6.0

5.0
3.4
6.3

11.0

1.8



SECTION K-8--continued

Menefee Formation--continued:

20.
19.
18.
17.

16.
15.

14.
13.

12.

1.

Shale, medium-gray; forms slope--=---ceccacccaccacaa--
Sandstone, yellowish-gray; forms ledge--~--ccaceccaa--
Shale, medium-gray; forms S]Ope----------------f ------
Shale, carbonaceous, very dark brown, weathers dark-
gray; coaly; fissile; forms ledge--~===vccccccccaa-
Shale, medium-gray; forms slop@e==ececccccmcacccaacaaa
Shale, carbonaceous, very dark brown; coaly; fissile--
Shale, medium-gray; forms slop@---eee-cccccccacccaaa--
Sandstone, yellowish-gray; some thin-bedded gray
shale; forms ledge; upper 5 ft soft and benched

Shale, medium-gray; forms slope; contains some

lenticular yellowish-gray sandstone beds------=---
Shale, carbonaceous, very dark brown, weathers dark-

gray; fissile; forms ledge---=ecececcccccccccaaaa-
Shale, medium-gray-=--=eecccccccccccncccccccccncccaa-

Sandstone, yellowish-gray; forms ledge----=--eececea--
Shale, medium-gray; forms slop@-=-e-eccccacccaccaaa--
Shale, carbonaceous; very dark brown; contains little
blebs of vitreous coal----=cecceaeaa- ——mmmm—emcma
Sandstone, yellowish-gray; forms slight ledge-------- :
Shale, medium-gray--=-==cecceeccccccccccccaccccacccaa-
Sandstone, yellowish-gray; friable; locally makes
slight ledge-=e=cocmmcmccmmm e ccccacccccccacaaan
Shale, carbonaceous, very dark brown; shaley; fissile;
forms slop@--ecccccccmacc e cccccccccccceceeae
Sandstone, yellowish-gray; forms ledge; in vicinity
caps small nearby mesas; grades laterally into
medium-gray shalee-==ceccmcmcccmcccccmcccccccceeee
Shale and sandstone, medium-1light-gray; interbedded;
base concealed--====cmecccmcmmmmc e cccccmccaaaee

Thickness
Feet

2.4
2.3
1.3
2.2
1.7
0.8
0.5

20.0
8.6
1.2
2.1
2.6
2.4
2.5
8.5
6.7

3.7

0.8

5.0

10.5



SECTION K-9
[Measured in NW 1/4, sec. 21, T.. 21 N., R. 11 W.]

Cliff House Sandstone:

38.

Sandstone, burned red to reddish-browne-ececcceccaaa-

Menefee Formation:

37.

36.
35.

340-‘

33.
32.
31.
30.
29.
28.
27.
26.

25.°

24.
23.

22.

21.
20.
19.
18.
17.
16.
15.
14.
13.

Clinker bed, hard, bakedfshale; somewhat fissile and

splits into thin plates-==ccececccccmcoccmcccaaaa

Shale, medium-gray; forms slope-==-cecccccccccacacaa.

Shale, carbonaceous, black; fissile; forms ledge-----
Shale, medium-gray; forms slope--=c-ecccecccccncaaa-

Sandstone, light-gray; forms ledge-----ccecccccccna-
Shale, medium-gray; forms slope--=-ce-cccecccacaaaa-

Sandstone, light-gray; friable--e-cecccccmccccccanaa.
Shale, medium-gray; forms slope~--=-=ccceccccacaacana-
Sandstone, yellowish-gray; friable---=--ecaccccmcaaa--
Shale, medium-gray; forms slopes===-=---ccccccacaacaaa
Shale, carbonaceous-=-==-=cecmcacacccnccccccacacaaaax
Shale, medium-gray; forms slope--==-ccccccccccccaaa-a-
Shale, carbonaceous; forms slight ledge-----ecaccea-a
Shale, brown; forms slope-=-cececcccmcmcammcacncacacaa.

Sandstone, yellowish-gray; forms ledge in lower

half; upper half forms slope--=-s-cecceccccanccanna-

Shale, medium-gray; forms slope; a yellowish-gray

sandstone about 1 ft thick, 2 ft from top---=-----

Sandstone, yellowish-gray; friableeeeeccaccccaccacaa-.
Shale, medium-gray; forms slope-====cceccccccaccacaa-
Shale, carbonaceous; conspicuous slight ledge --------
Shale, medium-gray; forms slope-==ececcccccacacaaaaa-
Shale, carbonaceous, medium-gray; forms slope--=eee=--
Shale, medium—gray; forms slope-===ceccacccacccccaaa.
Sandstone, yellowish-gray; friable-eeececcecacccaaaaa.
Shale, medium-gray; forms slope--e=ceccccccaccaaaaaa.
Sandstone, yellowish-gray, friable; locally forms

Thickness
Feet

>40.0

21.0
0.8
1.3
6.5
1.5

4.0
10.0
9.5
2.8
1.2
5.0
0.7
15.0

11.5

11.8
1.5
2.6
1.2
7.2
0.8
1.3
1.3
9.0

5. 0



SECTION K=-9~-continued

Menefee Formation--~continued:

12. Shale, medium-gray; forms slope---=-=ccccccccacaaaa -
11. Shale, carbonaceous---~====cceccccccocmccccaccccana--
10. Shale, medium-gray; forms slope---=c=-eceaccceccaca--
9. Sandstone, yellowish-gray; friable-eeeececcececcaana.
81 Shale, medium-gray; forms 'slope; contains ironstone
concretions; a few thin sandstone lenseS-===cea-ce--
7. Sandstone, yellowish gray; forms ledge---~-==-=ce-a- -
6. Shale, medium-gray; forms Slope==e=ccecccecccccccaacax
5. Sandstone, yellowish-gray; friable--v--cececaccacana--

4. Shale, medium-gray; contains ironstone concretions;
some thin lenticular interbedded yellowish-gray

Sandston@eseccmccacccnncnccanncccccmccnc e e e
3. Shale, carbonaceous-----==ceccccacacmcmccaccccaccnaa-
2. Sandstone, very light-yellowish-gray; friable-==e=-=--
1. Shale, medium-gray; base not exposed-----==cecacaaa--o

SECTION K-10

Thickness
feet

3.3
1.0
1.1
2.3

13.5
1.3
3.4
3.0

[Measured in NE 1/4, sec. 21 and NW 1/4, sec. 22, T. 21 N., R. 11 W.]

Cliff House Sandstone:
33. Sandstone, lower 15 ft yellowish-gray, rest light-
gray; forms cliff and top of mesae=-~=wececcaceaaa-
Menefee Formation (a local tongue):
32. Shale, brown and gray; forms slope; contains one thin

interbedded sandstone----- mmmmesommesscoeonoooooo
31. Shale, carbonaCeouS===--eememeccccnccccraccccacaccana-
30. Impure coa]--------;--f ------------------------------
29. Shale, carbonaceous------ mmmmmcmeescmceccecmeccen——- »
28. Shale, brown and gray; forms slope-----~---- e e
P27 AP 0o Y 1 iy S e
26. Shale, carbonaceous-==-=-=-cececmccccmccmccccccneme
25. Shale, brown; forms slope~==-c-cecccccccaccnacaanaaa-

24. Sandstone, brown; forms ledge with a bench on top----
23. Shale, brown and gray; forms slope--==-ce=-cccecaaaa-

14

>60.0

8.4
2.0
1.3
0.8
14.4
1.6
0.8
9.1
1.1
10.0



SECTION K-10--continued

Menefee Formation--continued:

22.
21.

Shale, brown; poorly exposed---==------ R

Cliff House Sandstone (a local tongue):

20.

Sandstone, brown and gray; Ophiomorpha present 5 ft

above base==eemcccccccccaccccccccccaccccccccccnnaaa

Menefee Formation:

19.
18.
17.
16.

15.
14.
13.
12.
11.
10.
9.
8.
7.
6.
5.
4.
3.

2.
1.
Note:

Coal, poorly exposede=-eemeeecccccccmacaccamcnacanaa-
Shale, carbonaceOuS==eemcmcccacccccecccccnccccccnann-
Shale, brown; forms slopee==eesceccccccecacccaccaanaa-

Shale, brown, weathers medium-gray; chunky; abundant
plant impressions; a light-gray bench at top
because upper part of unit is slightly silty to

very fine sandy-=-e=eeceaccacccccmmccccmccccccacaaa
Sandstone, yellowish-gray to brown; forms 1edge--¥---
Shale, brown; locally forms a clinker bed---===ecee--
Coal; poorly exposed; burned=~-==-ececcccamancacecccaa
Shale, carbonaceOUS===cecceceacccaccccaccccccccncacaax
Coal; poorly exposede--eecececcccccamcacccaccaaccaaaa
Shale, brown; forms slope-«--e=ecccamcccccncacacacaa.

Sandstone, gray; friable; seamed with gypsum---------
Shale, carbonaceOus----=====e~=mmcccacccccacacncaccax
Shale, brown; chunky; forms slope--=ee=eccccaaccaaaaa

Sandstone, yellowish-gray; friable~~=-=---eccaacea--

Shale, carbonaceous====-ceccecmemmommcaccmmmcccananan
Sandstone, yellowish-gray; friable-~=eee-cceccecccaan

Shale, dark-brown; abundant plant fragment

impressions; chunky; forms slight ledge----ceeew--
Shale, medium=-gray; forms Slope=e-eec-ccocmcmcccaanaas
Sandstone, yellowish-gray; friable; base not exposed-

Thickness
Feet

0.8
1.0

1.0
2.7
5.0

1.7
10.3
2.8
2.6
1.8
1.0
6.5
1.2
3.3
3.0
2.5
1.7
3.8

0.8
5.0
6.5

Where section K-10 was measured, the beds below unit 20 are not
burned but are equivalent to beds at Section K-9, unit 37 that are burned.
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SECTION K-11
[Measured in NE 1/4, sec. 14, T. 21 N., R. 12 Wel

Menefee Formation (part):

10.

9.
- 8.
7.
6.
5.
4.
3.

2.

Shale, gray overlain by thin sandstone; unit caps top
Of MeSA-====meemccccrccc e c e ccccceceeaee
Limestone; brown;concretionary, dense; makes ledge---

Shale, gray; forms slope---===e-eccccccccccccccancaaa-

Sandstone, gray; forms ledge-------ceccccacacaaaaaaa-
Coal, impurg---ececcacccccccccccmccncccccacccaccceaa-
Shale, gray to brown; forms slope---=--cccceccacacaa-
0oL B R e L E PP PP SRR P

Shale, gray; forms slope; ironstone concretions at
base; a 0.5-ft gray sandstone makes ledge 4 ft
above base--~=cmcccmccccc e ccccccdeccccccce s

Shale, carbonaceous, black; grades to impure coal----

Shale, brown and gray; forms slope; base concealed---

SECTION K-12 ‘
[Measured in SE 1/4, sec. 10, T. 21 N., R. 12 W.]

Menefee Formation:

28.

27.
26.
25.
24.
23.
22.
21.
20.
19.

18.

Shale and sandstone; lower 5 ft baked shale, rest
gray thin-bedded sandstone to top of hill and end
of section----=cocccccc e
Shale, gray; forms slopee-eeccccccccccccccccccacncaaa
Shale, carbonaceouS==-=--cecccmcccccacacnccccaccaaaa-
Sandstone, light-gray; very thinly bedded---ee-cee---
Shale, carbonaceous===ceeccccccacaccacamnccnncccaaaa-
Shale, gray; thin sandstone stringers; forms slope---
Shale, carbonaceous, brown to black-====-ccccmacaaaaa
Sandstone, light-gray; friable---ececceccccccccacaaax
Shale, gray, forms slopee-=-=cecccccecamccacaccanaa-.
Sandstone, yellowish-gray in lower part, light-gray
above; crossbedded; forms cliff---ceemccccaaanaa--
Shale, gray; interbedded thin yellowish-gray
sandstone; ironstone concretions in lower half----

16

Thickness
Feet

>5.0
2.0
7.7
2.8,
0.6
1.7
0.6

7.3
0.9
3.0

8.0
5.2
4.8
0.8
1.2
11.0
1.6
4.9

- 5.0

17.0

8.5

-~



SECTION K-12-~continued

Menefee Formation--continued:

17.
16.
15.
14.

13.

12.

11.

Shale, carbonaceous, dark-gray; conspicuous limonitic
staining on joints-----eeecccccccccmc e ccaceeee
Shale, gray; forms slope-=-----ccecccmcmcccmccccnaa—-
Sandstone, yellowish-gray; crossbedded; forms ledge--
Shale, carbonaceous; some thin bright coal fragments;
upper 0.4 ft is gray noncarbonaceous shale---c----
Sandstone, vellowish gray and gray shale, interbedded;
thinly bedded in beds 1-2 ft thick; some sandstone
beds appear toibe.channeling ----------------------
Shale, carbonaceous, dark-gray; contains thin streaks
of bright coal-=-e-cececcccmmmcccmaccccccccacaes

Shale, gray; forms s]dpe .............................
Shale, carbonaceous, dark-gray-----==--eeacecceaaaax -
Shale, gray; forms slope; ironstone concretion in
upper parte=---e-ececccceccccrmcccccceccccncccncacaa-a-"
Sandstone, yellowish-gray; friable~=eacecmcecmcaaaaax
Shale, gray; forms Slop@-==--=meemccccmccececcccaeano

Sandstone, yellowish-gray; upper part in this area
has rounded dark brown concretion masses; base
is sharp; forms ledge; flat—bedded; very
conspicuous in this area but is one of several
similar beds some of which cap small flat-topped
mesas; top appears gradational and is friable;
unit lenticular and disappears 200 ft to northeast
but a similar sandstone at same level is present

on the isolated mesa about 350 ft to the north----

Shale, gray; contains thin interbedded friable
sandstone -—----e-cccecmcmc e cmcc e
Sandstone, light-gray; friable=e-eeeeecemccmacacccaa-
Shale, gray; brown to black; contains ironstone
concretions-=--ce-ccccmccccccccccccccccccccce e naea
Sandstone, light-gray; friableeeeecececccmacacmcacaaaa.

Shale, gray; base is concealed in alluviume~=eeeeeaax
17

Thickness
Feet

0.8
10.4
4.1

2.3

16.7

2.3
7.0
1.4

10.5
4.4
21.0

6.2

46.0
1.5

5.8
1.6
3.0



SECTION K-13

[Measured in SW 1/4, sec. 3, T. 21 N., R. 12 W.]

Cliff House Sandstone:

27. Sandstone, 1ight-ye11owish-gray; abundant Ophiomorpha;
forms €liffe-ememmemcmmcmcecccccccecceccccccc————-

Menefee Formation (a local tongue):

26.
25.
24.
23.

Shale, carbonaceous, black====s-eccmccccaccaacanaaaa-
Coal, subvitreous-=-=-=--ecceccamcacaccccccccccncccna"
Shale, carbonaceous, black to dark-brown; resistant--

Shale, carbonaceous, dark-brown to light-brown;

poorly exposed in a covered slope--===-ceccccacaa-

Cliff House Sandstone (a local tongue):

22.

Sandstone, yellowish-gray; series of lenticular
ledge forming sandstones 1n 1ower 10 ft; rest is

friable; contains ironstone concretion----e-ceceea--

Menefee Formation:

21.
20.

19.
18.

17.
16.
15.

14.
13.

12.

Shale, carbonaceous, dark-brown to gray--------------

Coal; in ascending order; 0.7 ft black impure coal,

0.4 vitreous CO@leemecccccccacaacacccccccccaccaaa-
Shale, carbonaceous, dark-brown to dark-gray-e-ee----

Shale, brown, weathers bluish-gray; abundant

plant fragments---e=eccmccccmccccccccccccccncncaa-

Sandstone, light-gray and interbedded gray shale

in very thin beds-eesecccccmcmcmcmc e o
Shale, gray; forms a little cliff under unit 17------
Shale, carbonaceous, dark-gray to blacke===cecacaaaac
Shale, brown; nodular; forms a cliffeeececcccacccnaaa-

Shale, gray and interbedded thin gray sandstone;
contains ironstone concretions all through unit;

forms slop@-==-ceeccmccmccc e ccccecccccccccecaeee .

Shale and coal; in ascending order 0.5 ft black
carbonaceous shale, 0.3 ft bright vitreous coal,

0.2 ft dark-gray carbonaceous shale-===ee-cceacea--

18

Thickness

Feet

>50.0

1.3

1.4

15.0

15.0

25.0

10.0

1.1
5.1

5.8
10.5
1.6

0.8
5.9

17.0

1.0



SECTION K-13--continued

Thickness
Feet
Menefee Formation--continued:
11. Shale, gray; slightly carbonaceous zone 0.3 ft near
 middle Of UNjt=mmmmemmmememcmcecece—eee———————— 3.6
10. Sandstone, yellowish-gray; crossbedded; forms ledge-- 11.0
9. Shale, gray-==-ecccccccccccemcccccccccccccccccccceae 1.2
8. Shale, carbonaceous, dark-gray to black--==-=ccceec-a- 2.4
7. Shale, gray; forms slop@--=--eececcccmccccancccccaaa- 12.8
6. Sandstone, yellowish-gray; friable----e-ceecacaacaoa- 3.8
5. Shale, gray; forms slop@=eee=ceccaccccccccncacccacaan 6.2
4. Shale, carbonaceous, brownish-black; very continuous
in this ared---eecec-ecmcccccccacccmmccaccccaacnaa. 1.1
3. Shale, gray; forms slope-----=cecceccccmcmccaccccaa-- 2.4
2. Sandstone, yellowish-gray; friable but makes a
slight cliffocccamamccccccacmcccccccccccccccaeee 17.8
1. Shale, gray; base is concealed in alluviumeeeeecccaax 2.5
SECTION K-14
[Measured in NE 1/4, sec. 4, T. 21 N., R. 12 W.]
C1iff House Sandstone (a local tongue):
18. Sandstone, light-brown; forms ledge---eec-cccecacaaa- 10.0
Menefee Formation:
17. Shale, baked red--=---c-ecccccccmmmmccmcccccccccaceee 7.0
16. Shale, light-gray; very friable almost an ash-------- 0.7
15. Shale, carbonaceous, black to dark-gray; resistant--- 7.8
14. Sandstone, yellowish-gray to light-gray; contains
some gray shale near base-=-=--=eameiccemameacaa-- 1.8
13. Shale, carbonaceous, black; resistant; forms slight
ledgeec=cmmcmcccmma e cc e 2.1
- 12. Shale, gray; forms slope----ceccccccmccmcccccccccaaa 14.2
11. Shale, carbohaceous,‘dark-brown;'resistant; forms
slight ledge----cceccccccccncaaa- D 1.2
10. 'Shale, gray; forms slope-=-==cccacccmaccccccccaacaaa- 1.0
9. Sandstone, light-gray; forms ledge---=-e-ceccccenaana- 11.0

19



SECTION K-14--continued

Menefee Formation--continued:
8. Shale, gray; locally contains gray sandstone lenses;
a 0.6 ft dark-brown carbonaceous shale with véry
thin coal streaks at 9.9 ft above base; forms

S1Op@-mececccccccc e ccccccccceccccccc e c e neea
7. Sandstone, yellowish-gray; forms ledge--=-=--=cec----
6. Shale, carbonaceous, dark-brown; resistant; forms

slight Tedge--=-==cmecceccccc e ccccccccccccccceeem
5. Shale, gray; forms slope-===-eeeccceccmcaemccacacaaaa
4. Sandstone, light-gray; base sharp; top gradational;

forms ledge=e===e-- B L

3. Shale, gray; a 1.5-ft light-gray sandstone at 4 ft
above base; forms slope-==-=-c-ccccccacccnacccaaa-

2. Shale, carbonaceous, dark-gray; forms slight ledge---

1. Shale, gray and thin light-gray sandstone beds; forms
slope; base concealed in alluviume==-==-eeaacaca- -

SECTION K-15
[Measured in SE 1/4, sec. 34, T. 22 N., R. 12 W.]
Cliff House Sandstone: .
27.--Sandstone, yellowish-gray to light-brown; top eroded;
same as unit 27 of Section K-13; the tongue of Cliff

House Sandstone, unit 22 of Section K-13, pinches
out northward and is absent here at Section K-15--
Menefee Formation:

26. Shale, gray; forms cliff set in under unit 27---=-----
25. Coal, dullececcccc i cccccccccccmcccccmccacceceem e
24. Shale, carbonaceous, gray to dark-brown; hard;

- forms ledge-==-=ememccmmm e
23. Shale, gray; forms slope=-=--~emcecccacccccccccccaaan
22. Sandstone, light-gray; flat-bedded; forms ledge-----
21. Shale, gray; forms slope-=-=ce==-ccmccmccacaccaccaaaa-

20. Sandstone, yellowish-gray; forms ledge; very
lenticular and pinches ou%osouthward --------------

Thickness
Feet

11.2
2.0

1.5"
15.6

8.0

6.4
0.5

8.0

>10.0 -

5.1
0.6

0.7
7.4
4.1
10.1

5.0



SECTION K-15-~continued

Menefee Formation--continued:

19.

18.

17.

16.

15.

' 140

13.

12.

11.

10.

9.

8.

7.
6.
5.
4.

3.

1.

Shale, gray; makes re-entrant under unit 20----ce-e--
Coal, dull; no partings noted=e---ceccccaccacacancaa-
Shale, carbonaceous, dark-brown to dark-gray;
resistant forms slight ledge-----=cc-cccaccaccaa-
Shale, gray; forms slop@==-==-=-=ccccccccccccacccaaaaa-
Coal; both dull and bright vitreous; no partings noted
Shale, carbonaceous, dark-gray, resistant forms
slight ledge~==cmcceccccccccccccccccccccccccccaaae
Shale, gray to yellowish-gray; contains thin sandstone
interbeds; forms slope-===cccccccccaccccccccacaa--
Shale, dark-brown; contains carbonaceous chips;
forms S1ope=--==cmcccc e ccccccccccccceeee
Sandstone,'light-gray; in several irregular beds
separate by gray or brown shale beds---=ec-cecacaa-
Shale, dark-gray, with thin light-gray sandstone
streaks; unit very regularly bedded; shale fissile
Sandstone, light-gray and shale medium-gray;
interbedded in thin even beds as much as 0.2 ft

Shale,. carbonaceous, dark-gray to blacke=e=ececccana-—
Shale, gray; forms slopee-===cecccccmccccccccmccaaaaa
Sandstone, yellowish-gray; crossbedded; forms ledge--
Shale, dark-brown; flecks of carbonaceous trash-=----
Shale, gray; forms slop@ee-ecececccccccccccacacacaaa-
Shale, carbonaceous, dark-brown to dark-gray; coal
streak at top locally; resistant; forms slight

Shale, gray; forms slope; base concealed in alluvium-

21

Thickness
Feet

1'2
1.4

1.2

3.1

2.1

1.3

16.0

1.7

9.3

4.6

10.1

3.1
2.4
7.0
11.0
2.8
2.6

3.3
3.0



SECTION K-16
[Measured in SW 1/4, sec. 27 and SE 1/4, sec. 28, T. 22 N., R. 12 W.]

Thickness
Feet
Cliff House Sandstone:
24. Sandstone, light-gray; Ophiomorpha abundant throughout
unit; forms ledge; a dark-brown ledge 1.5 ft thick
caps mesa and contains fossil hash. Top of mesa
covered with thin veneer of white quartzite, red
and black cherts as much as 3 inches across------- 110.0
Menefee Formation (a local tongue):
23. Shale, brown and. gray; forms slope---e-eecececccanaa- 15.2
22. Coal, dullececmmmcccmcccc e ccccccccccccmn e 1.6
21. Shale, carbonaceous, black; resistante--eee-cccececcaa- ) 0.6
20. Shale, brown; forms slope--=--cecccaa-- ——emmmee—————— 6.3
C1iff House Sandstone (a local tongue):
19. Sandstone, yellowish-gray; ledge; above 90 ft sand-
stone is light gray; Ophiomorpha are abundant----- 185.0
Menefee Formation (a local tongue):
18. Shale, gray; contains thin even-bedded yellowish-gray
sandstone stringerse-eececceccccmccccccaccccccaaa- 2.1
17. Coal, subvitreQuS--=ecccccccccacmccccccccncccccacnaa- 2.4
16. Shale, carbonaceous, gray to black; resistant--e----- 13.8
15. Sandstone, gray; forms slight ledge, with a broad
bench on top-«--c-a--- T 1.7
14. Shale, brown and gray; forms slope---===ce-ccccacaaa- 5.9
13. Sandstone, yellowish-gray; friable--cececccaccccaaa-a- 3.2
12. Shale, dark-brown; resistant-eeece-eccccaccccccaaaacaax 1.3

Cliff House Sandstone (a local tongue):
11. Sandstone, brown near base, light-gray at top; forms
ledge-meememccccn e ccccrc e cc e e cccc e an 25.0
Menefee Formation:
10. Shale, carbonaceous, dark-brown to dark-gray;
resistant----eceecccccmmmc e cccccccccccmccaae 7.1
9. Sandstone, light-yellowish-gray; forms slight ledge-- 0.7

22



SECTION K-16=-=continued

Menefee Formation--continued:
8. Shale, carbonaceous, dark-gray to black; contains
thin coal streaks--=--=c-eccccmcmccncmc e
7. Shale, brown; contains some thin sandstone lentils;

forms slope--=-ececcccmacccc e e
6. Sandstone, yellowish-gray; forms ledge; channeling

o E Y ittt
5. Shale, brown and gray; contains interbedded sandstone;

forms slope==ecececcmamccamc e cccccceeaeee

4. Coal; in ascending order 0.7-ft dull coal, 1.1-ft
shaley coal, 0.8-ft. dull coal; unit 4 pinches out
abruptly to east--=-=-vc=ccmccccccccmccccccccccae

3. Shale, carbonaceous, dark-gray to blacke--=-vscec-e--

2. Shale, carbonaceous, dark-gray, dark-brown and
light-gray; thinly bedded; resistant; forms
slight ledge-====ecemecccccacccaaaax m———mececaaa-

1. Sandstone, yellowish-gray; friable; base concealed
in alluviume=eccmcccccecacmccacaccanccccacccaaaax

SECTION K-17
[Measured in NE 1/4, sec. 27, T. 22 N., R. 12 W.]
Cliff House Sandstone (a local tongue):
12. Sandstone, light-brown; forms cliff-cc-ceeccccccmaaa-
Menefee Formation:
11. Shale, gray; contains thin yel]owish-gray sandstone

sStreakSeececmcmcecmcmcncccmc e e e e e aa

10. Shale, carbonaceous, dark-gray to black; resistant--
9. Coal, dull-cececccc o ccccccccccccccccccccc e

8. Shale, carbonaceous, dark-gray to black; resistant--

7. Shale, brown; evenly bedded; forms slope-----=cee--a

6. Coal, subvitreouse-=-c-cecccccmccccacccccccccacnca-a-

5. Impure coal; shaley-ec=ceccccccmcmccncacaccccacnana-

Thickness

Feet

1.8

13.2

5.2

9.5

2.6

7.7

11.5

30.0

>10.0

7.4
1.4,
2.2
3.5
10.0
0.9
0.5



SECTION K-17--continued

Menefee Formation--continued

1.

Shale, brown--cee-cecmccccccc e
Coal, dull; slightly shaley--=--ccecccmccccaccccaaaa
Shale, carbonaceous, black to dark-gray, some brown
very thin coal streaks-=-~--cececcccmcccccacccaaaa
Shale, brown, eveniy bedded, forms slope; base
concealed in alluviumes=eecccccmccmcccccacccaaa-a-

SECTION K-18
[Measured in SE 1/4, sec. 26, T. 22 N., R. 12 W.]

Cliff House Sandstone:

10.

Sandstone, light-brown; forms ledge-==-=-ceacaccacaaa-

Menefee Formation:

9.
8.
7.

Shale, gray; set back under unit ll---cecccceccanaaa-
Shale, carbonaceous, black; upper 0.4 ft is coaly----
Shale, brown; thin sandstone beds in lower part; upper
3 ft is medium dark gray; fissile shale--~===-----
Shale, carbonaceous; dark-gray to gray; resistant;
forms slight ledge-=-====ceccacmcmcmccccccccaaca
Coal, shaley; thin black vitreous streaks at top and

Shale, carbonaceous, dark-gray to black; resistant---
Shale, brown; contains thin yellowish-gray sandstone
beds; forms slope-------==cccmcmmcmmccccccccaceea
Shale, carbonaceous; dark-gray; resistant; forms a
slight 1edge-? ------------------------------------
Shale, brown; evenly bedded; forms slope-==-=ce=ceeaa

24

Thickness
Feet

0.4
0.2

0'6

17.0

>10.0

1.4
1.8

10.0
0.6

0.8
5.0

5.0

1.1
11.5



SECTION K-19
[Measured in NE 1/4, sec. 34, T. 22 N., R. 12 W.]

Cliff House Sandstone (a local tongue):

28.

Sandstone, yellowish-gray to tan; same as unit 19 in
Section K-16memecmeccccmcm e

Menefee Formation (a local tongue):

27.
26.
25.
24.

23.

22.
21.

20.

Coal, subvitreous----eceecececccccmcncaceccnccccnnacan
Shale, carbonaceous, dark-gray to black, resistant---
Shale, gray; forms slope-=-=e=cececmmmmcmccccncacaca-
Sandstone; yellowish-gray; forms ledge with bench on

Shale, brown and sandstone, yellowish-gray,
interbedded; forms a yellow slope-==ccecccoccaa—-
Sandstone, yellowish-gray; hard; forms ledge---------
Shale, carbonaceous, darkégray; resistant; forms
slight ledge~=c=cmemcmmc e
Shale, brown; forms slope---==ececccccacmaa- S

Cliff House Sandstone (a local tongue):

19.

Sandstone, light-brown to light-gray; forms ledge----

Menefee Formation:

18.

17.
16.

15.
14.
13.
12.
11.
10.

9.

8.

Shale, carbonaceous; dark-gray; resistant; forms
slight ledge-=e=eecmmccm e
Coal, vitreouS====eeeccmccccnccccccccncccccencccacaa-
Shale, carbonaceous, dark-gray; resistant; forms
slight ledge-=====cceccccmcccmmc e
Shale, brown and gray; forms slope---=--cccccaccaaaa-
Shale, carbonaceous, dark-gray; resistant----=--a-o--
Coal, subvitreous-===--cececccccmccccmccccccccccaaea-
Shale, carbonaceous, dark-gray to black; resistant---
Shale, brown and gray; forms slope---=-eccecacacacaa-"
Shale, carbonaceous, dark-gray to black-e=e-ceccaaa-a-
Shale, brown and'gray; forms slope--===ccccaccccncaa-
Sandstone, light-gray; forms slight ledge; bench on

Thickness
Feet

>20.0

0.4
11.3
11.1

1.0

14.0
2.1

1.2
1.7

31.0

1.2
0.9

2.0
8.8
0.6
1.3
1.5
9.5
1.2
10.2

003



Section-19--continued

Thickness
Feet
Menefee Formation--continued:

7. Shale, brown; forms slope-=-=---cccccccacmcaccacana-- 1.4
6. Shale, carbonaceous, dark-gray; resistant; forms

slight ledge-======cercccmcccccmcccccccccccccaeeae 1.8
5. Shale, brown; evenly bedded; forms slope-=--=cceca--- 5.0
4. Sandstone, yellowish-gray; friable; contains some

‘ gray shale stringers---------------------Q -------- 5.2

3. Shale, carbonaceous, dark-gray; resistant; forms

Slight ledgee=comamcmcmcm oo a e eeeaee e 3.0
2. Shale, gray and brown; forms slope-=-=--ceccecccaaaa- 6.7
1. Sandstone, yellowish-gray; friable; base concealed in

alTuviume==ecccccc e cccccaccccccccccccccmcceeaee 10.0
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APPENDIX B
Maps showing location of measured stratigraphic sections. Base from U.S.
Geological Survey, Kin Klizhin Ruins quadrangle, 1966, 1:24,000. Approximate
positidn of each location map within quadrangle is shown below:

Map p. 31

Map p. 28

Map p. 30

Map p. 29
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