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open  file  142 

Coal  Resources - Cantaralo  Spring 7%' 

Coal  beds  may  be  seen  in  outcrop  in  two  formations  within 

the  Cantaralo  Spring  quadrangle - The  Dakota  Sandstone  and  the 

Moreno  Hill  Formation.  The  Dakota  Sandstone  exposures  are  in 

the Wk section  30, T 5N, R 20W, (Duran  Canyon)  and  in  the SE%, 

SE% section  25, T 5N, R 21W,  and  reveal  thin  lignitic  and/or 

coaly  beds  generally  less  than 8" thick  in  paludal  shale 

sequences. In Duran  Canyon  only  one  coaly  zone,  about'25'  below 

the  top  of  the  formation,  may  be  seen;  in  the  section  25  exposure 

2 carbonaceous  zones  may  be  seen,  one  in  each  of  two  paludal  shale 

units  separated  by  a 6-8 ft.  sandstone  bed. The Dakota  Sandstone 

coals  are  of  no  economic  importance. 

The  Moreno  Hill  Formation  exposures  are  limited  to  the 

perimeter of the  Zuni  Plateau in the  southeast  quadrant  of 

the  quadrangle.  The  basal  part  of  the  formation  does  crop  out 

in  the  east-west  trending  ridge  in  sections 16, 17, and 18 

T  5N, R Z O W ,  but  no  coal  is  present  or  exposed.  The  Moreno 

Hill  has  been  removed  by  Tertiary  erosion  in  the  western  one 

half  of  the  quadrangle  and  there  would  be  essentially  no  coal 

west  of  Cullen  Tank.  The  accompanying  measured  sections,  the 

localities  of  which  are  marked  by  an @on the  geologic  map, 

show  coal  seams  or  coaly  beds  up  to 3.5  ft.  thick. The  "main 

coal  bed",  or  the  thickest,  is  within 10 to 20 ft.  of the  top 

of  the  Atarque  Sandstone,  and  is  characterized by  a  medial 2 

inch  thick  white  to  light  bluish  gray  hard  clay  (altered  ash 

bed),  the  exception  being  in  the SW% section 30, T  5N, R 19W 

where  the  clay  is  not  present  or  not  easily  recognized. 



Two test  holes  drilled on  the  Zuni  Plateau'in  1981  provide 

reserve  data.  One  in  the SE% section 19, T 5N, R 19W  was 

spudded  at an elevation  of  7190  and  drilled  to  a  T.D.  of 500 ft. 

The  other  was  in  the  SWk  section 13, T 5N, R 2OW  and  was  spudded 

at  an  elevation  of  7140  and  drilled  to  a  T.D.  of  380  ft.;  both 

holes  bottomed  in  the  Rio  Salado  Shale.  The  logs  indicate  about 

2  ft.  of  coal at a  depth  of  163  ft.  in  section  19.  In  section  13 

no  coal  was  intersected  but  a  carbonaceous  zone  is  present  at 

110  ft.;  drill  cuttings  show  additional  carbonaceous  zones  between 

130  and  165  ft. 

These  two  drill  holes  plus  coal  sections  measured  in  outcrop 

at  the 8 localities  indicated on  the  map  provide  the  basis  for 

the  resource  estimates  shown  in  the  table  below.  Only  the  "main" 

coal  zone  was  used  in  the  calculations  because  the  lower  one  is 

not traceable  to  any  extent  in  outcrop  and  generally  does  not 

meet  the  cut  off  thickness  of 14 inches.  The  factor  used is 1750 

tons/acre  foot  (or  1.12  million  tons/section  foot).  The  area 

factor  shown  in  the  table is that  pqrtion  of  a  square  mile  that 

is  considered  to  be  underlain  by  coal  of  the  indicated  thickness. 

Analysis  of  grab  samples  of  weathered  coal  yielded  BTU 

values  ranging  from  about  5000 up  to  9350 and  ash  contents  of 

about  14%  up  to 44%. BTU  values  of  fresh  samples  could  be 

expected  to  run  up  to  30%  higher. 



Cantaralo  Spring  Quadrangle  Coal  Resources By Section 

Thickness 
Seam 

Area  Coal  Resource  Estimate 
Section  Township  Range  (in  ft.)  Factor In Short Tons 

6  (partial) * 5N 
1 5N 
2  5N 
3  5N 
10 5N 
11 5N 
12 5N 
7 (partial)*  5N 
18 (partial) * 5N 
13 5N 
14 5N 
15 5N 
22 5N 
23  5N 
24  5N 
19  (partial) * 5N 
30  (partial) * 5N 
25  5N 
26  5N 

19w 
20w  3.0  m 
2 ow 2.3  m 
2 ow 2.2  m 
2 ow 2.3 i 
20w 2.4 i 
2 ow 3.0 i 
19w 1.5  m 
19w 2.0 i 
2 ow 0.0 t 
2 ow 1.5  i 
2 ow 1.5  m 
20w  1.4  i 
20w  1.4  m 
2 ow 2.0  i 
19w 2.0 t 
19w 3.5  m 
2 ow 3.2  i 
2 ow 

"" 

"" 

0 
1,120,000 
258,000 
739,000 

1,930,000 
2,150,000 
2,856,000 
168,000 

1,008,000 
0 

1,680,.000 

924,000 
313,000 

1,254,000 
2,128,000 
1,344,000 
1,364,000 
2,688,000 

0 

TOTAL  21,924,000 

* 
additional  resources  in  this  section  will  be  shown  in  report  on  adjacent 
quadrangle. 

' drill  hole  in  section 
m = measured 
i = inferred 



Measured  coal  bearing  section  in 
the NE5 SE% sec. 1, T 5 N  R 2OW 

Marginal  marine 

Marine 

Atarque 
Sandstone 

J, 75, 

111111 
t- 

increasing 
grain  size 

.. 

4 Burrowed 

Root  tubes 
m Calc.  concretions 
- Carbonaceous 

Fluvial  channel s s . ;  light  reddish  brn., 
low.  med.  gr.,  x-bed 

~ 

Paludal  sh,  some  carb.  sh  and  blk.  clay; 
coal  near  middle 

- (main  coal  bed 3.2 ft.) 

Back  barrier'ss, fn to v fn grained, 
light gray  to  crravrsh  brn..  mottled 
(Cdvered  iritervai) 
Regressive  coastal  barrier SS., white  to 

burrowed;  (section  below  not  measured) 
light  gray, up. fn. - low.  med.  gr., 

-~ 



5 DivisionsAnch 5th Accent 
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Measured  coal  bearing  section  in 
the SW% sec. 2, T 5N R 20W 

Paludal  sh 

(section  above  here  not  measured) 

Fluvial channel ss . ,  light bm. - reddish 
brn.  low.  to  up.  med.  gr.,  some  x-bed 

Hill 
Formation Nonmarine 25- I I Paludal  sh,  carb.  sh,  and  coaly  intervals; 

thickest  coal 10 'ft.  -..above  base 

Marginal  marine 

Marine Atarque 
Sandstone 

t 75-d .- 

Lagoonal-restricted  bay;  blk.  clay,  carb.  sh, 
and- sltstz;.l- ft;  coal^ bed- 2.; ft.- -aboveIbase ~ 

yellowish  brn,  up.  fn.  to low. med. gr. 
Regressive  coastal  barrier SS., pale 

(section  below  here  not  measured) 

~ ~~~ 

100 - 



Measured  coal  bearing  section in 
the SEb SE% sec. 3, T SN R 2OW 

- 

Moren 

0- 

[ .:.: 

1 ...: 
25- 

50 - 
Hill 

Formation 

Nonmarine 

- 
Marginal  marine 

Sandstone 
Atarque 

> Marine 
e .  .j;. 

1 5  - 

100- 

125, 

- 
,. .. 

‘ 7 1  

.::. .. . 

,. ..:,: .. . 
: .: .. . .. 

redxisk  brn.  med.  gr . ; f inlng  upward Flu.  ia  channel ss . ,  pale  yellowish  gray  and 

(covered  interval) 

. . _. , ..,;.. ... ..._ _. Fluvial  channel ss . ,  light  reddish  brn.  to 
.-yellowish  brn.,  med.  qr.;  x-bed  dip  dir.  N65 W . .  

- 

Paludal  sh,  w/minor  fn. ss. lenses 

’Fluvial  channel s s . ,  reddish  brn. - light 
reddish  brn.,  med.  gr.  fining  upward, 
x-bed 

Paludal  sh,  carb. sh, and  coaly  intervals; 
thickest  coal 6 ft.  above  base 

~~ 

-.(main-coal bed 2.4 ft.) 

Back, b.arrier-restr~~ted.;bay “Ss., very  ‘.fn-;: ’ .  
150- 

175 L Regressive  coastal  barrier SS., low.  med. 
gr.  (section  below  here not measured) 



Measured coal bearing section in 
the SE$ sec. 7, T 5N R 19W 

ft. 

I 
(covered interval) 

Atarque 
Sandstone 

~ - . 
~ ~ ~ ,~~ ~ ~ 

., 

, Regressive coastal  barrier 5 s - ,  pale 
~ 

~ 

.~ 

Marine  yellowish brn., low. med. gr. 



Measured coal  bearing  section i n  
the SW% SW% sec. 23,  T 5N R 20W 

Nonmarine 

I 25" 
Moreno 

H i l l : .  
Formation 

50 - 

75 - 

i 100 .- 

Marginal  marine 

SBndsttone 
Atarque 

Marine :-. :: 12s- 
I 

I' 
i 
I' 

m ..... ... ... ...... 
........ 
- :1- 

Fluvial  channel s s .  reddish  brn.  to  reddish 
yellow, med. gr . ,  x-bed. 

Paludal s h  

Fluvial  channel s s . ,  reddish  brn., low. med. 
ne.? 

Paludal  sh,  carb.  sh and coaly  beds,  with 
thin,  very  fn., sandy zone  above coal 

- (main coal bed 1.4 f t . )  

Back-barriercrest&cted bay.;.&. t o  very fn. s s ;  

sh . cnndv - 
Regressive  coastal  barrier ss. ,  l i g h t  
grayish  orange, low. med. gr.  some l o  
angle x-bed (section below here  not measured) 
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Measured  coal  bearing  section in 
the SW* NWk sec. 15, T.5N R 20W 

0 -  r 
. .  Fluvial  chanpel ss . ,  reddish  brn.  :reddish 

med.  gr.  ,~.x-bed  .in  zones 

2 5 -  Fn..:silty ss.,  and  sltst.;  fining  upward. 
Moreno  Hill 

Nonmarine  Formation 
channel ss.,  light  reddish  brn., 

,...;.. 

med.  gr.,  x-bed 

50- Paludal  sh,  carb.  sh,  and  coal  beds 

- (main  coal  bed  1.5  ft. ) 

Back:barrier.~~ss-,: fsi.- 'qr..,. -. 
Marginal  marine - Lagoonal,  fn.  sand  and  sltst,  carb. at top 

9 5  - Regressive  coastal  barrier ss . ,  yellowish 
Marine Atarque  gray - grayish  orange  low.  med.  gr. 

Standstone  (section  below  here  not  measured) 
I 
I 
I 
I 
I 
J. 100 - 



.-Measured coal bearing section  in 
the SW6 SE% sec. 30, T.5N R 19W 

Paludal sh, carb. sh and coal  beds 

- (main coal bed 3.2 ft.) 
(slumped interval) 

Nonmarine 

50 Regressive  coastal barrier s s . ,  light 
reddish brn, low. med.gr. (section below 

Marine Atarque  here  not measured-may be slumped) 
Sandstone 

I 
~ . . .. . ., JI 75 - 



5 Divisions/inch  5th  Accent 

~ 
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\ 
Measured  coal  bearing  section  in 

SWk SW% sec. 30, T 5N R 19W 
showing  underlying  Atarque  Sandstone 

Nonmarine 

100 - 
Moreno  Hill 
Formation 

’ Marginal  marine 

Marine 

125 - 

150 - 

175 - 

Sandstone 
Atarque 

I 
I 

c;OO - 
Rio  Salado 
Tongue 

I 
I 

: Lake  Formation 

Braided  river or braidplain  deposits, 
horizontally  bedded  conglomerate  and s s . :  
cgl.  is  both  matrix  and  clast  supported, 
but  coarser  material is matrix  supported; 
similar  to a proximal  braided  river  facies 

Paludal  sh 

Fluvial  channel SS., light  reddish  brn., 

concretions at top 
low. med.  gr.,  x-bed:  grayish  brn.  calc. 

Lagoonal-lacustrine,  very  fn.  gr. ss. and  sltst. 

Paludal  sh  with carb. sh and  coal  beds 

-(main  coal  bed: 425 ft  coaly  interval 
w/3.5 ft  aggregate coal  thickness) 

Is., f lat-bedded,  burrowed,  root  penetrated 
Back  barrier or restricted  bay,  lower  fine gr 

Lasoonal  sltst  and  verv  fine ss 

unit:  grayish  orange  to  light  yellowish  gray, 
Regressive  coastal  barrier  %,.upper  shoreface 

upper  fine  to  lower  med.  grained,  low  angle 
cross  bedded  throughout:  very few  fossils  except 
for  scattered  sharks  teeth  and  isolated  burrows 

-lower  shoreface  unit;  very  fine  to  upper 
fine  grained,  coarsening  upward,  flat- 
bedded ss; unfossiliferous  except  for 
burrows  in umer part \ 



CANTMULO SPRINO  QLVLDIUNOLE. JAND AND MlNERhL OWNERSHlP 

6N  20w 13 

14  E$* 
a l l  

rPla4; wur, 
SW% 

15 
16 

a l l  
a l l  

17  
1 8  

811 
a l l  

19 SI1 

611945 

1089020 
995042 

1121757 
611945 

1223973 

30-63-0045 

611945 

611945 
20 a l l  
21 a l l  

30-63-0045 

22 
611945 

23  
n u  1121757 
a11 670394 

24 a l l  

25 a l l  
1121757 

670394 
26 
27 

e l l  
a l l  

1121757 
670394 

28 A l l  1117038 

.30 
29 

31 
32 

34 
33 

35 
36 

6N  21w 1 3  

24 
25 

36 
5N 19w 6 

1 8  
7 

19 

5N 
M 

20w 1 
2 
3 
4 

' 5  

6 

7 
8 

" -. 

9 

- 10 

11 

12 
1 3  
1 4  

15 
16 
17  
1 8  

19 

21 
20 

22 

23 

25 
24 

26 

27 
28 
29 

. .  30 .. 
5N 21u 

12 
1 

1 3  
24 
25 

X 

X 

X 

X 

" 8K-L x .. 
a l l  30-63-0045 
a l l  
a l l  

611945 
1223974 

el l  611945 
a l l  1117038 
a11 
a l l  

670394 x 
1223973 

e l l  

a l l  
790935 

1117039 
a l l  790935 X 

a l l  1223976 

X 

X 

X 

HhNEli; &NU% 1078908 x .  
84; W4NW% 30680100 

811 

ell 38680100 
670394 X 

all 

a l l  
670394 X 

S l l  

1078908 
670394 X 

X 

a l l  1222551 
S l l  670394 X 

a l l  1121757 
a l l  
a11 

670394 
1121757 

N 4  
1111 670394 

1L-288 
84 1078908 
a11 670394 

X 

~~~ ~ 

X 
~ 

X 

X 

"F4 .."__ ~ IL-288 
a4 1117038 

" 

a l l  
e l l  

670394 
, 1117038 

a l l  670394 
N4 30680100 
54 
S l l  

IL-288 
670394 

a11  1222515 
a l l  

N4 1078908 
670394 

54 
a l l  

1117038 
670394 

a l l  
a l l  1078908 

670394 
84; Svli 1117038 

Nwk 1078908 
a l l  670394 
a11 
a l l  

1078908 
670394 

K 4  117038 
N4NUt 117038 

845Wk 117038 

84Wk 
N l a W l i  

1078908 
1078908 

a11 670394 
a l l  
a l l  

1078908 
570394 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
a l l  - 1078908- 

d l  903628 
... "_ X 

X 

1111 1078908 X 

a l l  
dl 

903678 X 

,311 
IL-274 
903628 X 

X 

X 

X 

X 

X 

X 

X 

X 

._ .. 
X 

X 

X 

X 

X 

X 

X 

X 

~ 

X 

. . 
a l l  minerals,  ditches and canals 

-none- 



NEW MEXICO- CIBOLA Descrlption of Map Units 

Alluvlal deposlts undlfferentlated, clay, silt, 
sand, and gravel In arroyos, through flowlng 
streams, and on floodplalns and narrow lnterstream 
dlvldes. More than 25 ft exposed In recent aullles. 

Kdt Twowells Tongue of Dakota Sandstone (Upper Cretac- 
eous), pale yellow and yellowlsh gray to gray, flne 
and medlum gralned, shallow water marlne sandstone. 
In the northern half  of the quadrangle total thick- 
ness 1s 25 ft.; the lower  16 ft 1s a gray, flne- 
gralned, poorly cemented sandstone; the upper 9 ft 
1s an upper flne to lower medlum gralned quartzose 
sandstone, generally well sorted, wlth very mlnor 
black accessory mlnerals, and more firmly cemented 
than the  lower portlon, good exposures In the  NE$ 
sec. 15, T.6M.,  R.20W. In the southern half of 
the quadrangle thickness ranges up to 27 ft wlth 
the  lower  and  lower mlddle part conslstlng of very 
fine-gralned gray sllty sandstone that contaln 
bloturbated zone5 The mlddle portlon 1s character- 
lzed by alternaLlng beds, 4 to 8 Inches thlck, of 
gray  fine-grained sandstone and llght gray very flne 
sllty sandstone, burrowed  and  bloturbated In places. 
The uppermost 8 to 10 ft conslst of meglum scale 
sets of tabular cross beds lncllned 22 to 25O In 

~ j ~ ~ t l I : l ~  t n  ~ ( ~ ~ ~ t - ~ ~ t ~ , , ~ ~ ~ t , ( ~ ~  l y  ( 1  i I OCI- i o t ~ .  

Qal c 'r 
I 
I 

J 

Sheetwash alluvium, fine sand, sllt, and clay on 
broader lnterstream dlvldes, mostly In southern 
portlon of the quadrangle. 

QS 

Qae Alluvial and eollan deposlts; silt and sand on 
intermediate level surfaces, broad valleys, and 
gentle to moderate slopes mostly In the western 
half  of the quadrangle; 1s found  for the most part 
on the Bldahochl Formatlon. 

Qc 1 Colluvlum and landsllde masses; very coarse wastage, 
rockfalls and toreva block slldes on or at the base 
of the steeper slopes;  mcludes moderate to large 
(ULJ Lu 1500 LII  ~ L ' I ~ ( J L I I )  b loclcu oC CITL~ICCOII:, 
sandstone and/or Bldahochl Formatlon that have 
slld on the R1o Salado Shale. 

Kmw yhltewater Arroyo Tongue of Mancos Shale (Upper 
Cretaceous), medlum to dark gray shale, soft slope 
former. About 6 ft above the base in Seep Canyon 
Calycoceras cf canltaurlnum was found  in a 
llmestone concretlon (U.S.G.S. Mesozolc locallty 
D11280). 25 ft above the  base 1s a persistent 
18 to 20 Inch thick, orange to whlte weatherlng 
bentonlte bed. The 12 ft lnterval overlylng the 
bentonlte commonly contains Exogyra Trigerl. 
Total thlckness of unit, 50 to 60 ft. 

Older alluvlum; mostly sllt, sand  and  some gravels 
on sllghtly elevated surfaces not graded to present 
dralnage system; may represent "topographlc 
reversals. 'I 

Qoa 

Qb 

Tb 

t 

Basalt Flows; orlglnatlng from centers to east In 
North Plalns Lava Beds; ollvlne tholellte In 
composltlon, wlth a X-Ar age of 1.41 m.y. 
(Laughlln, Brooklns, Damon, and Shaflqullah, 1979) I 

1 

I- 

/ 

I 
I 
I 

/ 

Kdp Paguate Tongue of Dakota Sandstone (Upper Cretac- 
eous); yellowish gray to graylsh orange, masslve, 
well cemented, marlne sandstone, wlth a gray to 
llght gray flner gralned base. that 1s 2 to 4 ft 
thlck  and transitional with the underlylng lower 
part of  the Mancos Shale. The upper half contalns 
large brown llmy concretlons up to 3 ft In 
diameter, and a 1 to 1% ft thlck coqulna bed at 
the top that IS comprlsed largely of Exogyra 
levls and Pycnodonte cf. P. kelluml. In the 
southern one half  of  the quadrangle the unit is 
16-18 ft thlck and commonly forms a small cllff 
below the Whltewater Arroyo Tongue. In the 
northeastern part the ammonite Pleslacanthoceras 
wyomlngense was found  near the top of the masslve, 
concretlon bearlng sandstone, and also In the 
transltlonal zone at the base  (U S.G.S. Mesozolc 
localities Dl1243 and D11244), In the SW%  SEk  and 
the NJ5NWkSEL  sec. 13, T.6N.,  R.20W; the transltlonal 
zone 1s here thickened  and  the underlylng Mancos 
Shale has  become much more sandy  and thus the  base 
.of the Paguate 1s not as well deElned as it 1s 
further  south. 

Bldahochl Formatlon; isolated deposlts of uncertaln 
age: some conslst of stratlfled volcanlc rlch 
coarse sandstone and conglomerate, frlable to well 
indurated, and some are debrls flows conslstlng of 
unstratlfled coarse materlal derlved from the Fence 
Lake Member of the Bldahochl Formatxon 

Qol/Krnr 

Upper member of the Bldahochl Formatlon (Pliocene), 
llght gray and llght yellowlsh gray llthlc 
sandstone, poorly  sorted  but generally lower medlum 
to coarse gralned, wlth a calcltlc cement that 
varles from very poor to flrm, and brown unconsoll- 
dated flne to medlum gramed sand occurrlng in 
pockets a few lnches thlclc and In lenses up to 
several tens of feet thlck Base not exposed  but 
thlclcness may range up to 200 ft In the west- 
central part of the quadrangle. 

T bu / 
/ 

/ 
/ 

t 

Qae/Tbu 

"- 

Qal/Kmr 

Fence Lake  Member of Bldahochl Pormatlon (Miocene?), 
coarse sandstones and pebble, cobble, and boulder 
conglomerates, generally stratlfled, but poorly 
cemented; overall color varles from llght gray to 
p l n k l s h  or pupl l sh  gray Whlte calcareous zones, 
or calrche l.enses, occur throughout and also as 

llthlc contalnlng black, red, and yrdy volcdnic 
clasts and multl-colored quartz grams. The con- 
glomerates are comprlsed of basalts, some rhyolltes 
and other volcanlc rocks, and mlnor quartzlte, 
~asper, and agate. The unlt 1s restricted to the 
hlgher levels which are areas underlam by the 
Moreno Hill Formatlon or the Atarque Sandstone; it 
is the oldest of the Tertlary sedimentary units In 
the area. Provenance 1s llkely the volcanlc field 
southeast of Quemado; thlckness varles greatly due 
In part to irregular surface upon which It was 
deposlted, but at places exceeds 125 ft. Best 
exposures in SWk sec. 30, T.5N.,  R.19W. 

I:,OI<ltcLl [Js.IL.CIiCS U11 LllU SLIJ ~ L I C C .  ~ ~ ~ l l l L t b L ~ ~ l < ' b  ~11.1' 

Tbf 1 

K m l  Lower Part of the Mancos Shale (Upper Cretaceous); 
1 l g h t  to medlum gray and light brown1 s h  gray s1l.t- 
stone and very flne sllty sandstone, wlth 3 ft of 

southern h d l k  O Y  khc q u d r a n y l e  whes.~ I;hlclzness 
ranges from 15 to 18 ft. In the northeast corner 
along the north side of Jaralosa Draw in sec. 13 
up to 50 ft of thlnly bedded sandy siltstone and 
very flne sllty sandstone IS exposed. Thls sandy 
lnterval may belong more properly Inthe m a m  body 
of the Dakota Sandstone, but  nelther the thln 
pebbly conglomerate zone nor carbonaceous-paludal 
shales characteristic of the top or upper part of 
the Dakota are present here. 
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Kd Dakota Sandstone, maln body (Upper Cretaceous), 
the marlne, marginal. marlne, and non-marme rocks 
that make up the lowest part of the Cretaceous 
sequence In west-central New Mexlco (Hook, Cobban 
and Landls, 1980). A 100 ft thxk section exposed 
In the SEk SEk sec. 25, T.5N.,  R.21W. shows 
predominantly cross-bedded sandstones at the 
bottom (base covered) overlaln by palludal 
shales wlth carbonaceous zones and thin, flne- 
gramed, sandstones, wlth predomlnantly sandstones 
a g a m  in the upper 20 ft, near the top of the upper 
sandstone 1s a perslstent 6 to 8 lnch thlck pebbly 
conglomerate bed 

Moreno Mlll Formatlon (Upper Cretaceous); fluvlal 
channel sandstones, paludal shales and mudstones, 
carbonaceous shale and coal, and mlnor slltstone. 
Sandstones are pale yellowlsh brown to llght brown 
and reddlsh brown, predomlnantly upper flne to 
lower  medlum gralned, but may locally become coarse 
gramed especially near base of a channel complex, 
generally a flnlng upward  trend can be determlned 
wlthln a channel system, whlch may range up to 40 ft 
thlck. Fluvlal sedlmentary structures, lncludlng 
both tabular  and festoon cross beddlng, and 
current rlpple marks are common. In SWL  NW%  sec 24, 
T.5N., R.20W., current ripples lndlcate a flow 
dlrectlon of S.800E., In other localltles such as 
SW4 sec 22, T.5N , R 20W. current dlrectlon not as 
clear. The shales are gray, ollve gray, and 
brownish gray, wlth dark gray to  black carbon- 
aceous zones that contaln coaly beds. The lower 
most carbonaceous zone, 2 to 4 ft thlck, rests 
dlrectly on the Atarque Sandstone, but 1s nelther 
well exposed nor everywhere present, and 1s 
ovcrlaln by  the 8 to 12 ft thlclc very flne-gralned 
sllty sandstone that locally contalns Crassostrea 
9. and  that more properly belongs wlth the 
Atarquc Sdnclstonc Above t h l s  1 s the ELrst m a ~ o r  

thlck and contams a 1 to 3 ft thlck coal and coaly 
carbonaceous shale bed 5 to 15 Et above the base, 
th L b  15 the I ' i u t n  cod1 bud" and 1s chdrsctcr~.zcd 1.n 
III(J:JL [ J I ~ L L ' I  [ J I ~ L )  IJY <A 111c'~l t L i  I > I III.*~I 1 1 1  I ( ' I ,  IiciI ( 1  c : l r ly  

c*, t r  t ~ r ) n , ~ r . c w ~ ~ s  r : o l l c :  cqtln h t s  folln(.l 10 L.0 1 5  f l :  L~k)o~c> 
the " 1 1 u l n  ~ 0 ~ 1 1  bed. I' t l u v  1.d1. chdnncJ1 sdntlsLont: 
ovcrllcs the shale member  and 15 ln  turn overlaln 
by a paludal shale that  may attaln a khzcltness of 
75 ft. Thlckness of formatlon ranyes up to 240 ft. 
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Map Symbols 

Contact, dashed where approxmate or 
inferred 

P 
U Fault, dashed wherp concealed, U, upthrown 

D sldc; D, downthrown 51dc. 
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2'1 Apparent d l p  of beds 

/\tdccluc? &tndsLonc! ( I l p p c r  Cretaccous) , yc?1.1ow1sh 
cJrcly to  grdylbh u~dnqe arid l i y l l L  ~-ecldlsh LJ UWII 
very flne to lower medlum gralned sandstone; 
generally a well  cemented, masslve cllff former, 
however, in many places a medlal sllty zone up to 
7 ft thlck 1s present and forms a slope between 
the upper and lower cliff formlng sandstones. In 
a Eew places thls sllty zone glves way to a dark 
gray sllty shale contaming reworked carbonaceous 
materlal, such as lust southwest of the Cantarelo 
windmlll In sec. 2, T.5N.,  R.20W. The medlal sllty 
zone 1s best developed and recognlzed along  the 
north slde of the Zunl Plateau where It commonly 
separates a lower flat bedded from an upper cross- 
bedded sandstone These may correspond to the 
lower  and upper shoreface sequence characterlstic 
of regressive coastal barrler sandstones. Burrows, 
lncludlng Ophlomorpha, are present throughout, but 
are more common In lower part; sharks teeth found 
locally In mlddle and upper part. In some places 
the uppermost part of the Atarque conslsts of a 
2 to 4 ft thlck carbonaceous shale Interval, 
generally covered, overlaln by an 8 to 12 ft thlck 
very flne-gralned sllty sandstone that locally 
contalns the bracklsh water Crassostrea s p . ~ n  
abundance. Crassostrea localltles are the SW& SEk 
sec. 2, T.5N., R 20W. and the NW% sec 7, T.5N , 
R.19W. Thlckness of the unlt ranges from  25 to 
55 ft. 
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Kmr Rlo Salado Tongue of Mancos Shale (Upper Cretaceous: 
medlum to dark gray, and llght brownlsh gray  to 
graylsh brown marlne shales, sllty shales, and 
calcareous shales, weathers  to moderately steep soft 
slopes whlch are generally covered by colluvium, 
talus, and landsllde debrls derived  from  the 
overlylng sandstones. In many places the whlte to 
orange weatherlng calcareous shale and calcarenlte 
zone that 1s equlvalent to the lower part of the 
Brldge Creek Limestone Member of the Greenhorn 
Formatlon may be seen approxmately 25 ft above the 
base of the Rlo Salado Tongue; It may be  ldentlfled 
by numerous thln bentonltc beds, and the presence 
of the oyster Pycnodonte newberrl (Stanton), the 
uppermost bed of the member is a calcarenlte 
composed largely of newberryl debrls, 
Worthoceras 2. was found In calcarenlte €loat from 
the member In the NW4 sec. 25, 6N., 20W  Ap- 
proximately 100 to 120 ft above the top of  the 
Brldge Creek equlvalent the shale becomes Inter- 
bedded wlth thmbeds of very flne-gralned 
calcareous sandstone and fossillferous lmestone 
concretlorsln excess of 2 ft  In dlameter. Fosslls 
assoclated wlth the concretlons are Mammltes 
nodosordes, Mammltes depressus, and Neotychltes 
cephalotus, (collectlons made at U.S.G S. Mesozolc 
locallty no. n'11282 ln sec .  2 ,  T.5N.,  R.20W.) The 
contact between the R i o  Salado shale and the over- 
lying Atarque Sandstone 1s Interbedded  and 
transltlonal, the uppermost part of the Rlo Salado 
contalnlng thln beds  of yellowish gray, very flne- 
gramed sllty sandstone, thlckness ranges from 210 
to 250 ft. 

Laughlin, A. W., Brookins, D. G., Damon, P E., and 
Shaflgullah, M., 1979, Late Cenozoic Volcanlsm of 
the Central Jemez Zone, Arizona-New Mexico. 
Isochron West, no. 25, p.  5. 
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Upper Member O f  Bidahochi Formation; brnsand,  and It gry  coarse  gr  frlable ss w/rnlnor  cgl  best  exp  In E - s e c 4  ,T5N RzOW, Iow'er pt  
everywhere  covered , rests  tapographlcally  lower  than  kence  Lake  Member. 

FENCE L A K E  'MEMBER of Bidahochi  Formation, It gry  to  pmklshgry ss and cgl,  poor  to  flrrn  calc  cement,  coarser  mat  basaltlc  w/sorne  rhyallte  and  minor 
quartzite;  assemblage  prob  represents a type  of  proxlmal  braided  rlver  deposlt 
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Moreno Hill Formation; gry and grysh  brn  pal ludal sh with  caaly  Interval 20 f t  above  base,and  reddish  brn  fluvlal  ch ss. . . . . ..* 
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Atarque. Sandstone; tan  to  It reddlsh  brn fn to low& rned  gr  rnarlne ss, w/rnedlal s i l ty  zone,  poorly  exp  lagoonal  carb  sh  near  top  overlam  by  crmkly bedded grysh  brn  fn  gr  
ss 6-8 ft thlck. 
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Whitewater Arroyo Tongue Of' wancos  Shale; gry   to  dk gry  marme  sh,  slope  former,  sparsely  scattered  calc  concret near  base  have  ylelded  Calycoceras 
canltaurlnurn,  about 2 0 f t  above  base IS 18ta201nch  th lck  bentoni te  bed,  above  bentonlte  Exagyra  trlgerl  are  present 
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Paguate Tongue O f  Dakota Sandstone; yel lawlsh  gry  fn  to lower  rned  gr ss, with  brn  calc  concret, up to  3 f t  In dlarn in upper part ,  EFoqyra  levls  and  Pycnadonte 
.. ... . . . . kelluml  abundant  at  top. 
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.Mancos  Shale  ,Lower part, gry  to  It alwe  gry  si l tst and fn   s l t y  ss, wlth  a 3 f t  thick  rnlcaceous  bentonlte  at top  - - -.-.- ""- 
Dakota Sandstone;pale yellowlsl;) brn  and  graylsb  orange  lower  fn t o  rned  gr  ss,and  gray to  dk  gry  sh  andcarb  sh,  lower ss prommently  X-bedded;  llgnltlc corb. sh  above 

z .  and  below  a  medlal ss, pebbly  cgl-at  top  overlles  X-bedded ss 
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