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PETROLOGY OF PIERCE CANYON REDBEDS 

EX&?ARE BASIN, TEXrlS AA'D NEJ? m C O  

Daniel N. I U e r ,  Jr.  

A B S T R A C T  

The Pierce Canyon formation of the Delaware Basin i s  a red silt- 

stone sequence about 350 f e e t  thick t h a t  over l ies  the  Permian Rustler 

evapori tes  and underlies t he  Upper Tr iass ic  Santa Rosa sandstone. It 

cons is t s  of crosslaminated, gypsif erous, s l i gh t ly  sandy and slightly. 

clayey s i l t s tone  and ranks a s  submature t o  mature arkose o r  sub- 

arkose containing 20 t o  30 per  cent feldspar. Petrographic and tex-- 

t u r d  analyses show t h a t  there  i s  l i t t l e  variat ion i n  composition o r  

tex ture  e i t h e r  v e r t i c a l l y  o r  horizontally. These redbeds typica l ly  

contain Gollow sanidine grains which may prove useful as a s t rat igra-  

phic marker. Authigenic b i o t i t e  was detected in a few of the reduction 

spots. 

The Pierce Canyon redbeds were probably derived predominantly 

from a g ran i t i c  source in northern Coahuila, Mexico, under the  in- 
i 

fluence of an a r i d  climate, transported by the wind, and deposited in 

a shallow sa l ine  sea in west Texas and southeastern New M d c o .  
... 

Comparison with other  redbeds shows that the Dewey Lake formation 

of the  Midland Basin, and the  Quartermaster formation of t he  Texas Pan- 

handle, have compositions t h a t  a r e  essent ia l ly  ident ica l  with t h a t  of 

iii 



the  Pierce Canyon redbeds. 

The Pierce Canyon differs minerdlogically from the Yates, 

Rustler, Tecovas, Santa iiosa, Chinle, and Gatuna formations. If the 

Pierce Canyon i s  assigned t o  the  Permian system, then there a re  eight 

minerdlogic differences t o  distinguish Permian from Triassic  redbeds. 
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INTRODUCTIOIJ 

Underlying the  vas t  q a n s e  of desert  and p r a i r i e  land of west 

Texas and southeastern New Mexico i s  a broad, shallow, s t ruc tura l  basin 

f i l l e d  with l i t h i f i e d  Pemian sediments. Although it represents only 

a smal l  par t  of the  widespread area once covered by the Permian sea, 

t he  Delaware Basin provides the nost  nearly complete sequence of 

Permian rocks on the  North American continent. The standard Permian 

sect ion of North America was established here (Adams e t  al .)  in 1939; 

it cons is t s  of four  s t ra t igraphic  ser ies ,  in ascending order, Wolf- 

camp, Leonard, Guadalupe, and Ochoa. The posi t ion of -the Permian- 

Tr iass ic  boundary has been and i s  a matter of disagreement among 
- 

geologists. A considerable thickness of redbeds overl ies  t he  youngest 

proven Permian, the  Rust ler  formation, and underlies the  Uppe~Tr ia s s i c  

Santa Rosa sandstone. Since 1935, when Walter B. Lang designated 

these redbeds a s  the  Pierce Canyon formation, placing the  type local- 

i t y  in t h e  subsurface of central-eastern Loving County, Texas, t h e i r  

age has been in question. 

The wr i te r  has endeavored t o  bring together all the geological 
*. 

information t h a t  bears on the  origin and h is tory  bf the  Pierce Canyon 

redbeds, including new data obtained by him. In order t o  study the  

Pierce Canyon formation, the  outcrops were examined. More than SOX 

surface and subsurface samples, from widely scat tered geographical 

loca t ions  were c r i t i c a l l y  studied. Eighty th in  sections provided a f a i r l y  





complete assay of t he  d e t r i t z l  minerals and chexical cements, and t h e i r  

re la t ionship  t o  t h e  e n t i r e  rock unit. Heavy-aheral s tudies  combined 

with tex tura l ,  chemicd., and X-ray analyses were a l so  made. Many of the  

samples and a l l  t h e  t h i n  sect ions have been deposited in t h e  s t ra t ig-  

raphic petrography co l lec t ion  of t h e  Department of Geology, The U n i v e ~  

s i t y  of Texas in Austin. 

Conclusions, describing the  probable source of the  de t r i tus ,  means 

of t ransport ,  deposi t ional  environment, and the  paragenetic h i s tory  of 

t h e  s t r a t a ,  follow the  descr ipt ion of the  rocks. Outcrop and subsurface 

samples of t h e  Rust ler  and Santa Rosa fornat ions of the Delaware Basin, 

and t h e  Dewey Lake, Tecovas, and Quartermaster formations of t h e  Midland 

Basin and t h e  Texas Panhandle were s imi la r ly  investigated. The d i f f e ~  

ences and s imi ln r i t i e s  of d e t r i t a l  const i tuents  in  these formations have 

been described. 

The s t r i k ing  s imi ln r i t y  in texture,  d e t r i t a l  minerals and chemical 

cements of t he  Pierce Canyon and Dewey Lake formations, which heretofore 

had been presumed by some geologists,  has been verified. 

Acknotr1edments.- In g ra t e fu l  appreciation of contributions made 

by o thers  throughout this study, t he  wri ter  wishes t o  thank Professors 
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University of Texas. Professor DeFord suggested the  problem t o  the  X 
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knowledge concerning t h e  s trat igraphy and h is tory  of west Taxas and 

southeastern New hi.iexic0. Secondly, I rJish t o  express my sincere grat i -  

tude t o  Professor Folk f o r  t he  m y  pat ient  hours of instruct ion,  help, 

and cr i t ic i sm t h a t  he provided in the  in terpre ta t ion  of t h e  petrography 

of these fine-grained sediments. The r e s u l t s  of this work have indeed 

been gra t i fy ing  t o  the  wri ter ,  l a rge ly  through the e f fo r t s  of Professors 

DeFord and Folk. 

A l a rge  pa r t  of t he  f inancia l  assis tance in  this research was 
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D. Riggs, independent o i l  operator of Carlsbad, IJew Mexico, Dr .  William 

A. Waldschmidt, geological c o n s u l t a t  of 1-iidluld, Texas, and 14.r. John 

E. Adams, geologist  f o r  t he  Standard O i l  Conpany of Texas in Pddland 

a s s i s t ed  many of the  in terpre ta t ions  presented by the wri ter ,  although 

the  wr i te r  d o n e  remains wholly responsible f o r  a l l  of the material 

presented in this report. 

The wr i t e r  wishes t o  thark personally Professors R. K. DeFord 

(chairman), R. L. Folk, H. B. Stenzel, S. P. Ellison, W. C. Bell, K. H. 

Jehn, and Dr. We A. llddschmidt wbo acted as  an advisory committee fo r  

the  wr i t e r  and who gave f r e e l y  of t h e i r  time during the preparation and 

completion of the  manuscript, - 
The wr i te r  fu r the r  wishes t o  extend his grat i tude t o  the many 

members of the graduate school and facul ty a t  Ihe  University of Texas 

f o r  enlightening discussions. 

Evaporites and Redbeds in Delaware Basin 

Ochoa de~os i t i0n . -  The f i n a l  stage of Pemian deposition in the - 
deepest pa r t  of the Delaware Basin i s  represented by more than 5,000 . 
f e e t  of sa l ine  residrres and redbeds. These deposits belong t o  the  

Ochoa se r i e s  which includes the following formations in ascending order: 

Cas t i le  gypsum, vrhgdrite and s a l t ;  Sabdo salt and anhydrite; and t h b  

Rust ler  gypsum, anhydrite, dolomite, l inestone, red ckystone, silt- 

stone, and sandstone. Since 192.4, t he  d r i l l i n g  of thousands of deep 





t e s t s  f o r  p e t r o l e m  and mvly core t e s t s  f o r  potash, and t h e  working of 

t h e  potash mines near  Carlsbad, New ;.!exico, have revealed the  wide- 

spread occurrence of these  sedisentary units i n  southeastern New Mexico 

and west Texas. They have been described in numerous publications. 

When o r ig ina l ly  deposited f ron  the  Pernian sea these sediments 

covered vas t  a reas  outside the  Delaware Basin. There were many trans- 

gressions of t he  sea northward and eastward beyond the  rim of t he  basin 

and undoubtedly ju s t  a s  m y  regressions southward when l i t t l e  o r  no 

mater ia l  was deposited. Extensive accumulations of gypsum and salt and 

l o c a l  deposi ts  of potash minerals in t h e  Salado indicate  regional des- 

icca t ion  duriqg Cas t i le  and Salzdo time. Clay and silt,  interbedded 

with the  evaporites,  evince a t e r r a i n  of low re l i e f .  \.here the re t rea t ;  

ing sea had only recent ly  exposed the  surrounding land, surface drain- 

1 age was probably r e s t r i c t e d  t o  slowly moving streams with wide channels, 

which were constant ly being clogged by flood p la in  deposits. The vir- 
I 

tual absence of orgul ic  rezuins suggests t he  desolate condition of the 

I 
e n t i r e  region. Sa l t ,  interbedded with c lay  and s i l t  in t h e  Rustler 

I formation, ind ica tes  t h a t  these conditions persis ted u n t i l  h o s t  the  

I end of the  Permian period. b 
I 

The Rust ler  formation oversteps the Salado salt t o  the  north and 

eas t  and records a transgression of the sea beyond the Delaware Basin.% 

It cons is t s  of red claystone, s i l t s tone ,  f i n e  sandstone, interbedded 

with evaporites which by t h e i r  repeated occurrence suggest slowly but 



continual ly changing conditions. Thin beds of foss i l i fe rous  limegtone 

ind ica te  a grea te r  abundance of marine l i f e  during periodic intervals .  

The uppermost Rust ler  beds a r e  sulphate, which prove t h a t  t he  region 

was s t i l l  beneath sea l e v e l  a t  t h e  end of Rustler t h e .  

Intervening redbeds.- Overlying the  Rustler evaporites i s  a sequence 

of redbeds ( the  Pierce Canyon formation) which have not been studied in 

d e t a i l  heretofore,  although several  wr i te rs  ( b n g ,  1935, p. 264 and 1947, 

p. 1673; DeFord and Wahlstrom, 1932, p. 59; DeFord, in P. B. King, 1942, - 

fn. 151, p. 613; P. B. King, 1942, p. 612; Adams, 1929, p. 1052 and 1935, 

p. 1021; Page and Adazs, 1940, p. 62) have described them. These redbeds, 

l i k e  the Rust ler  evaporites, a r e  widespread h west Texas and southeast- 
# 

ern New Mexico, but unlike the  Rustler, a r e  l i t ho log ica l ly  holcogeneous; 

they consis t  of very t h i n l y  and evenly bedded, clayey and sandy feld- 

spathic s i l t s t o n e  cemented with gypsun and ca lc i te .  Most of the beds a re  

crosslaminated, a few a r e  ripple-narked and crossbedded. A few scattered 

b i t s  of c a l c i t i c  o r  phosphatic f o s s i l  fragments have been recovered from 

these beds, but all a r e  too worn t o  permit ident i f icat ion.  Within the 

Delaware B a s h  the  thickness of t h i s  redbed sequence ranges from zero t o  

450 f ee t .  

Upuer-Triassic redbeds.- The Upper Triassic  Santa Rosa sandstone, 
P 

the lowest formation of t he  Docku Group in the Delaware Basin, overl ies  

the post-Rustler redbeds and i s  separated from them, a t  l e a s t  in Eddy 

County, New Mexico, by an erosional unconfod ty .  Although variable  in 

I 



t ex tu re  in d i f f e ren t  areas,  t he  Santa Rosa i s  predorainantly a reddish 

brow,  s i l t y ,  medium-grained sandstone cemented with ca l c i t e  and some 

quartz. The sandstone i s  t yp ica l ly  crossbedded. Adams (1929, p. 1047) 

has described sand dunes and other charac ter i s t ics  of the  Santa Rosa 

t h a t  suggest continental deposition. Pebble conglomerate and s i l t s tone  

with p a r d e l  bedding a r e  associated with the crossbedded sandstone 'in 
\ 

most places. In general, t he  Santa Rosa sandstone becomes f i n e r  west- 

ward  The source of pa r t  of the  d e t r i t u s  may have been t o  the  south and 

eas t  (kdams, 1929, p. 1049); another p a r t  was probably derived from 

southeastern Colorado. In the  Delaware Basin, near the  southern l i m i t  

of t h e  Santa Rosa sandstone, the t o t a l  thickness ranges from 100 t o  300 

fee t .  - 
The Chinle shale (Upper-~riassic)  overl ies  the  Santa Rosa sand- 

stone in the  Delavare Basi?; t h s  contact i s  gradational and c o n f o ~ z b l e .  

kdams (1929, p. 1052) and Dickey (1940, p. 50) hzvc described the Chinle 

shale in t h i s  region as a thick sequence of red and green shale, sand- 

stone, limestone, and conglonerate. The Chinle shale i s  believed t o  be 

a t e r r e s t r i a l  f l o o e g l a i ?  o r  a l l u v i a l  deposit  l a i d  down on a west- and 

northwest-sloping, post-Permian t e r r a i n   dams, 1929, i. ., 1052). 

Cenozoic redbeds.- Overlying the  Permian and Triassic formations 

i of the Delaware Basin i s  a heterogeneous mixture of pale  red d e t r i t u s  '?4 0'. 
$ 

! t ha t  c losely resembles the  Pierce Canyon redbeds but i s  Cenozoic and 
C t pmbably Pleistocene in age; it was designated the  Gatuiia formation by 
> 
r 



Lang (1938, p. 84) a s  follows: 

The rime Gatu5a i s  here given t o  xi a s s a b l a g e  
of rocks of various kinds t h a t  were l a i d  dohn in 
the  Pecos Valley i n  post-High Plains t h e  and 
apparently a f t e r  the  cozplction of the  usximum 
cycle of erosion i n  t h i s  valley. . . . The dom- 
invlt m a t e r i d  of vrhich they a re  conposed i s  f i n e  
red sand. However the m t e r i a l  i s  la rge ly  of 
l o c a l  derivation and therefore the character of 
t he  source of the m a t e r i d  has had a controlling 
influence on the  conposition and color of the  re- 
su l t ing  deposits. Conglomerates, stream gravels, 
gypsum, and limestone, a s  well a s  bedded and un- 
consolidated sands a d  silts, c o ~ p r i s e  t h i s  fozma- 
t ion.  

The C-atuiia sandstone crops out along the  Pecos River Valley in  south- 

eastern Eddy County, Mew Hexics znd exLends southward over the  eastern 

half of the  Delaware Besin a s  indiceted by IkLey m d  Huffhgton (1953, - 

I 
p. 54.l). The thickness ranges f r c z  zero t o  1,900 fee t .  

I 



1 ru,.- La; -,. _. . - - . ,  .! l i , ~ e c ' , o n a  a:rl 
a r s u m  j-r, tne u p p u r  part cf  
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Fig. 1. Brecciated l i ne s tone  and 
gypsm in t h e  upper p a r t  of 
t h e  -9ustler formation in 
west face  of Culebra Bluff 
nor theas t  of Loving, Eddy 
County, New I.:exico. Rotice 
void spaces in this brine-., 
aquFfer. \ 



Rustler Formation 

The Rustler formation was described by G. B. Richardson in 1904 

U in the  southwestern extension of the Rustler Hills,  between Cottonwood 

and Hurds Pass draws, eastern Culberson County, Texas. Subsequent re- 

po r t s  of Rustler outcrops in t h i s  area by P. B. King, R. K. DeFord, J. 

E. Adams, W. B. Lang, and numerous University of Texas students (unpub- 

l i shed  Master's Theses) have resul ted in a more accurate description 

than that or ig ina l ly  published by Richardson. 

The Rustler formation consis ts  at the outcrop of limestone and - 
dolomite separated by shale, s ads tone ,  and l o c a l  lenses of gypsum. 

A ms&nurn thickness of 375 fee t ,  exclusive of the upper anhydrite, 

was reported by Adams (1944, p. 1613). This thickness i s  70 f e e t  

grea ter  than a section measured in the  north half of S a l t  Draw Quad- 

rangle, Culberson County, by Hughston (1950, p. 13). Local lensing 

and interbedding of t he  rock types on scat tered outcrops make correla- 

t ion of individual un i t s  d i f f i c u l t .  The approximate eastern l i m i t  of 
m . 

Rustler outcrop i s  shown on P la t e  4. 

The Culebra limestone member i s  exposed a t  Culebra Bluff along 

the eas t  bank of the Pecos River, 34 miles northeast of Loving, 

Eddy County, New blexico (SE& Sec. 2, T. 23 S., R. 28 E.). Be- 

cause of l o c a l  brecciation and solution channels, this par t  of the 
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inches in diameter a r e  ccrnon a s  indicated in Figure 1. The potash 

mining conpanies, whose shaf t s  a r e  s i tua ted  a few r i l e s  northeast of 

Culebra B l c f f ,  report  h o s t  uncontrollable q u l t i t i e s  of ha te r  pouring 

i n t o  t h e i r  sha f t s  f ron t h e  lower p a r t  of t h i s  peneable  zone during the  

excavation process. The water i s  highly mineralized and of no econorLc 

Red clay, anhydrite, and salt over l ie  the  aquifer  and a re  in turn  

overlain by gray dolomite banded u i t h  gypsm. A sma3l roadcut on New 

M d c o  S ta t e  Highway 31, half a mile due west of t he  Internat ional  

Minerals azld Chemical Corporation nine in eastern Eddy County, exposes 
- 

about 7 f e e t  of t he  bznded doloaite.  

In the  subsurface t h e  Rustler cons is t s  of dolomite, anhydrite, 

gypsurn, limestone, salt, and polyhal i te  i r r egu la r ly  interbedded with 

lenses  of red clay, s i l t s tone ,  and sads tone .  The thickness of the 

Rustler formation ranges f r o s  400 t o  500 f e e t  in t h e  center of t he  

Pierce Canyon Rcdbeds 

Overlying t h e  Rust ler  evapor i t e sa i s  a sequence of red s i l t s tone ,  

the  Pierce Canyon formation. W. B. Lmg (1935, p. 264) described the  

red s i l t s tone  from the  subsurface a s  

A s e r i e s  of f i ?e  svldy t o  earthy red beds, polka- 
dotted with grec? reduction spots z?d usual ly 



i r r e , d a r l y  veined with  t h i n  secondary s e l en i t e  
f i l l i n g s .  

L a g  described t h e  redbeds f r o 3  350 f e e t  of cu t t i ngs  recovered f r o m t h e  

Eldr idge core t e s t  (Sec. 22) ,  d r i l l e d  in 1926 a s  a o f f s e t  t o  t h e  P ina l  

Dose O i l  Conpvlyf s Ii!eans No. 1 c?,y hole,  d r i l l e d  in 1921, t o  supplement 

t h e  upper p a r t  of t h e  sec t ion  absent in t h e  Idieans t e s t .  The cu t t i ngs  

from both bore ho les  provide t he  type  m t e r i d .  f o r  t he  formation. The 

Means t e s t  i s  in t h e  S3 corner  of Sec. 23, B l k .  C-26, PSL, in centra l -  

e a s t e rn  Loving County, Texas, 31 miles  due nor th  of t he  c i t y  of Pecos 

and 8 mi les  south o f  t h e  Texas-New Iq ldco  s t a t e  l i ne .  The name Pierce  

Canyon was derived f r o m  a m a l l  culyon on t h e  e a s t  s ide  of t h e  Pecos 
.. 

I1 River, 7 mi les  east-southeast  of t he  t o m  of Iwialaga in Eddy County, New 

I4exico (Secs. 23 and 26, T. 24 S., R. 29 E.) and 35 m i l e s  northwest of 

t h e  Eldr idge and Means t e s t s .  The source of t h e  geographic name i s  not  

t h e  type l o c a l i t y  of t h e  formation, f o r  t h e  redbed outcrop i s  tfiat  R. W. 

Richards (in Adas ,  194.4, p. 1601) described as pre -GatGa  redbeds, and 

&.at DeFord ( o r a l  cornnunication, Feb. 1955) c a l l s  Gatuiia. For a l l  t h a t ,  

t h e  subsurface redbeds described by L a g  f o m  a l i t h o l o g i c a l l y  d i s t i n c t  

and continuous s t r a t i g r aph i c  unit between t h e  *Sustler and t h e  Santa Rosa 

formations. They blanket  t h e  eas te rn  two-thirds of t h e  Delaware Basin 

and extend northward t o  t h e  Loco W s ,  Eddy County, New i4exico. Their  

occurrence t o  t h e  nor th  and e a s t  in Texas has been c i t e d  by DeFord 

(1941, p. 56), and described by A&s (194.4, p lh01) a s  follohs:  
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I Thc outcroppi!: P i c r c 2  C z ~ y o n  rc ibcds  of t h e  Pezos 
I V C L C ~  a r c  3 ~ 7 ~ 1 2 r  l i ~ k 3 1 c  4 -i:dly t o  ti12 r,ost- 

i l)c:rcy Ld:c rc5bcds of t k z  zou'vhc.~~ Pc,cLz-? bas in  
a ~ d  t o  t h c  Q ~ z r t c ~ ~ ~ s ' ; c r  of  thr: Pa.nhm-1Je. They 
occupy t h e  s ~ . e  pos5;ion 1 2 t h  rezpcct t o  t h e  upper 
T r i a s s i c  S m t a  2ose c ~ ? d z t c ? e  ~ d ,  judged by sec- 
t i c n s  enco~7te re . l  i.1 t h o x z n i s  of in tervening wells ,  
f o n  a continuous s t rz t igrc tp?ic  unit . . . 

I 
I f i th in  t h e  Celalrare E'asin t h e r e  a r e  only a few s c a t t e r e d  exposures 

of t h e  P i e r c e  Canyon redbeds. Thsse a r e  l h i t e d  t o  a narrow, sinuous, 

I and i n t e r i n i t t e n t  b e l t  w-hich e-xtends f r c x  Red Point ,  1 0  miles  nor th  of 
I 

Kent i n  southeastern  Culberson County, TCYZS, through Red Bluff Lake, 

Texas, t o  Ikroon C l i f f s ,  18 d e s  east-northeast  of Carlsbad in Eddy 

Comty, New l,lexico. 

1,:~roon C l i f f s  zr.d vic ini ty . -  The t h i c k e s t  s ing le  ex'posure of t h e  

P i e r c e  Canyon redbeds i s  in Ikroon C l i f f s  along the  nor thern escarpment 

of Nash Draw in e a s t e r n  Eddy County, New i . i ~ 5 ~ 0  ( ~ e ~ o r d ,  1940, p. 2). 

Approxinately 120 f e e t  of sec t ion  i s  exposed 0.5 !&le south of U. S. 

1 Highway 62 (Carlsbad-Hobbs) z!d 3.9 mi les  e a s t  of thz  most e a s t e r l y  

1 i n t e r s e c t i o n  of U. S. Highbray 62 and S t a t e  Highzy  31 (Secs. 5 and 9, 

T. 21 S., R. 30 E.). The outcrop i s  access i5 le  by automobile both on 

t h e  high road, which follovrs t h e  eas te rn  esca-rpnent, o r  by t h e  low road 

through Nash Draw (topographic sheets ,  Nash Draw and Clayton Basin Quad- 

rang les ,  1943 ed., U. S. Geol. SLT.). 

Nash Draw i s  an elongate,  s l m p e d  depression a p p r o h a t e l 7  12 



Fig. liest scarp 
(Sec. 9, T 
The 6-foot 
3iddle  of 

of Pierce Cayon redbeds a t  l~kroon Cliffs . 21 S . ,  R. 9 E.), Eddy County, New Xe;dco. 
flblockp sandstone extends acmss  the 
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. e t  al., 1942, p. 64-75) as ul u n i i l l e d  solut ion v a l l e y  and i s  p a r t  of 

t h e  v a s t  i n t e r i o r  drainage sys ten  r e s u l t i n g  from t h e  removal of salt 

nor thern end of t h e  draw where more than 120 f e e t  o f  exposed redbeds 

have given r i s e  t o  t h e  name k r o o n  Cliffs. Except f o r  a t m c a t e d  

wedge of over lying Santa Xosa sandstone a t  t h e  northernmost end o f  

Pkroon Cliffs, t h e s e  redbeds belong t o  t h e  P ie rce  Canyon formation. 

The red  o r  maroon c o l o r  of t h e  P ie rce  Canyon formation ranges 

from p a l e  t o  moderate reddish brown (10R5/4 t o  1 0 ~ 4 / 6 ) .  The most prom- 

i n e n t  s t r a t i g r a p h i c  marker in t h e  c l i f f s  (Fig. 2) i s  a 3- t o  6-foot, 

hard, ttblocky'r, f ine-  t o  very fine-grained sacdstone ledge approximately 

130 f e e t  below t h e  contact  with t h e  Santa aosa sandstone. The rocks - 
beneath t h e  ttkiLocky" sandstone a r e  t h i n ,  evenly bedded s i l t s t o n e  with 

the  exception of a 10-foot s e c t i o n  near  t h e  base of t h e  outcrop, which 

conta ins  from 2 t o  5 p e r  cen t  rounded and f r o s t e d  sand g r a i n s  g r e a t e r  

than 0.4 mm. i n  diameter. Above t h e  ttblockylt sandstone d i f f e r e n t i a l  

weathering of thin-bedded clayey s i l t s t o n e  and very f i n e  sandstone g ives  

the  outcrop a ragged appearance i n  c o n t r a s t  t o  t h e  smooth slope below 

the  ttblockpt sandstone. A few l i g h t  greenish  gray 6 ~ ~ 8 / 1 )  zones l e s s  

than one inch t h i c k  p a r a l l e l  t h e  u n i f o d y  thin-bedded s i l t s t o n e  a t  

i r r e g u l a r  i n t e r v a l s  g iving t h e  escarpment a f a i n t  banded appearance. 

t o  permit t h e  i n f i l t r a t i o n  of water from t h e  c l o s e l y  spaced jo ints .  
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Soiile of these  g reen i sh  grzy zones r e s u l t  f r o n  t h c  checical  rcduction of 

h e n a t i t e  by weak h m i c  acids .  The svldy beds a r e  l i g h t e r  colored than 

orange ( ~ 8 ,  1 0 ~ ~ 7 / 4 )  appearulce. 

Current r ipple-narks and low-a-hplitude crossbedding ( ~ i g s .  3 and 

4) a r e  common in some beds both above and below t h e  hard vlblocky" sand- 

stone.  The r i p p l e  marks have an average height from trough t o  c r e s t  of 

0.15 inches  and show a t r a n s p o r t  d i r e c t i o n  from northwest t o  southeast. 

Crossbeds above t h e  "b10cky~~ sandstone have vl anp l i tude  of 1 t o  2 inches  

and a f o r e s e t  d i p  (measured i n  s e t s )  of about 13' south, ind ica t ing  a 

d i r e c t i o n  of t r a n s p o r t  f r o a  n o r t h  t o  south; t h e  beds below t h e  11blockpt 

sandstone have an average d i p  of 13' north,  i n d i c a t i n g  a d i r e c t i o n  of , 

t r a n s p o r t  from south t o  north.  The d i ~  di rec t ion ,  within individual  

s e t s  of crossbeds in t h e  same 2- t o  3-foot sect ion,  ranges wi thin  an 

The l o c a l  d i p  of t h e  s t r a t a  on t h e  e a s t  s i d e  of Ihroon C l i f f s  i s  

2' northwest. There a r e  two s e t s  of j o i n t s  in Nash Draw: one s e t  

s t r i k e s  S. 60' E. and has a d i p  of 70' nor theast ;  t h e  o ther  s e t  s t r i k e s  

S. 55' Pi. and d i p s  80' northwest. The j o i n t  sys tem-intersects  all t h e  

formations i n  t h i s  a r e a  up through t h e  Chinle shale  (Upper T r i a s s i c )  

which o v e r l i e s  t h e  Santa Pasa sandstone. 1.Iost of t h e  j o i n t s  a r e  open 

and s t ra ight-s ided (Fig. 9 ) .  The m j o r i t y  of open j o i n t s  a r e  clogged 

a t  depth wi th  vegeta l  debr i s .  During one b r i e f  but in tense  r a i n  shower 





Fig. 3. Ripple narks with retouched cross- 
laminations r'ron the  Pierce Canyon 
formztioc, b r o o n  Cliffs, Eddy 
County, New Kexico. 

a 5 cm. -I 

Fig. 4 .  Thin section of sample shown in Figure 
3. 



t h e  wr i te r  observed run-off water transporting la rge  quanti t ies  of f i n e  

grass, leaves and mesquite pods in to  the  open jo in ts  of the Santa Rosa 

sandstone. During the  dry seasons of the  year, sand and sil t  a r e  blown 

i n t o  the  joints ,  f i l l i n g  most of them within an inch of the surface. 

Subsequent r a ins  f lush  the  smd a d  s i l t  f r o 3  the  Epper portion of the  

jo in t s  leaving then open once agzin. The ridls of most of the  jo in ts  

have a th in  white crust  of msum and ca lc i t e  and some have crys ta ls  of 

these minerals up t o  0.25 inches long. Seven miles south of Maroon 

Cl i f fs ,  along Livingston Ridge, the same joint  pat tern i s  present; but 

there  the jo in t s  a r e  completely f i l l e d  with f ibrous gypsum. A few of 

the f ibrous c rys t a l s  in the  veins a re  warped, indicat ing f a i r l y  recent 

- movement. 

Ttro types of gypsum veins are  i l l u s t r a t e d  in Figures 5, 6, and 7: 

gypsum-filled jo in t s  that cut the  s t r a t a  a t  angles from 1;0O %o 60' and 

gypsum-filled f rac tures  t h a t  p a r a l l e l  the bedding. Similar gypsum 

v e h s  up t o  1.25 inches wide a r e  abundant in the  lower par t  of the  Pierce 

Canyon redbeds in eastern Eddy County. Many of the veins separate beds 

tha t  have been displaced a s  indicated in Figure 6. The m h u m  dis- 

placement detected a t  any one vein ( f au l t )  i s  one &ch. A few geologists 

have misinterpreted the gypsum veins pa ra l l e l  t o  the bedding a s  bedded 

gypsum in the  Pierce Canyon redbcds. The d i r ec t  association with the 

gypsum-filled joints ,  and the  elongate, near-vertical c rys ta l  habit, 

prove that these f rac tures  were opened a f t e r  consolidation of the sediment 



Fig. 5.  North view of t~..o s e t s  of gypsm-filled j o i n t s  in 
t h e  lower part of t he  P ie rce  Ca~yon redbeds on 
Livingston Ridge, s/!: Sec. 14, T.. 22 S., R. 30 E., 
Eddy County, New Mexico. 
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There i s  a d i r e c t  re1ations:hip Setxeen the  gypsum veins in the 

Pierce Canyon and t h e  s l ~ p  fea tures  induced during t h e  Cenozoic. A t  

14aroon Cliffs the beds a r e  not displaced ve r t i ca l ly  along the  jo in t s  

near  t he  top  of t he  Pierce Canyon outcrop; they a r e  displaced along the 

gypsun-filled jo in t s  in the  lower pa r t  of the  outcrop. P o s t 4 h i n l e  

jointing, resu l t ing  f r o s  l o c d  and regional subsidence i n  and around the  

Delaware Basin, was probably accozpanied by basinward slump a s  evidenced 

by e r r a t i c  l o c a l  d ips  a t  the surface and the  displaced beds along jo in ts  

and p l a s t i c  clayey zones in the  subsurface. Lateral  as well  a s  ve r t i ca l  

displacement on t h e  Rustler-Pierce Canyon contact i s  indicated by ver- 

t i c a l  dips, and s teeply  dippi?g s t r a t a  with slickensides a s  described 

i n  I,. P. Corbinfs f i e l d  notes  (pa 35). Calcium- and sulphate-rich - 

ground water probably passed upward along some of the  jo in t s  because 

of t h e  displacement of t he  rocks. A s  t he  underlying gypsus was dis- 
-- 

solved, ~ M I L  blocks of t h e  Pierce Cayon redbeds pulled loose, opening 

f r a c t u r e s  along the  bedding planes in the  lower par t  of t he  formation. 

These near-horizontal f r ac tu re s  provided nev avenues of escape f o r  t he  

water moving up t h e  jo in t s  from below. Subsidence stopped a t  some 

l a t e r  time and gypsum was prec ip i ta ted  from the g r d ~ ~ d  water, f i l l i n g  

the  open j o i n t s  and f r ac tu re s  with f ibrous  gypsum crystals .  

Approximately 210 f e e t  of sect ion has measured on Maroon C l i f f s  
B 

below the  Santa Rosa contact; an addi t iond.  30 f e e t  was measured on 

Livingston Ridge, 150 f e e t  northeast  of the road connecting the  Crawford 
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Fig. 6. Gypsun veins in 25 inch core separating 
displaced beds. Notice concentration of 
reduction zones ( N E ~  S E ~  Sec, 13, T. 20 
S., R. 30 E., Eddy County, New l-iexico). 

Fig, 7. Gypsum f i l l e d  f rac tures  paral le l  t o  the 
bedding in 2& inch core. Notice tha t  the 
veins cut thereduct ion  zones, indicating 
tha t  the  reduction zones formed before 
the  veins (sane locat ion as Fig. 6). 



Rmch headquarters and Hill Tank (\I; Sec. Us, T. 22 S., R. 30 E.). 

The t o t a l  thickness of the Pierce Canyon redbeds a t  I.iaroon Cl i f fs  

i s  318 f e e t  a s  measured i n  Snowden and BIcSv~eeneyt s McIJutt No. 1 dry 

hole, 0.5 miles eas t  of the c l i f f  (center 53 Set. 4, T. 21 S., R. 30 

Pierce Canyon-Szqta Rosa contact.- The Pierce Canyon redbeds a r e  

overlain unconfonrably by the  Santa Rosa sandstone. The unconfomable 

contact i s  well exposed throughout the ~4 of Sec. 5, T. 21 S., R. 30 E. 

a t  Maroon Cliffs. An excellent exposure, shorn in Figures 8, 9, and 10, 

occurs on the  eas t  s ids  of a smaU ravine about 50 f ee t  deep, one mile 

due south of U. S. Highway 62, i n  the east-central portion of the N!! 
- 

SE$ Sec. 5. Thin, nearly horizontal  beds of Pierce Canyon a re  overlain 

by the  sweeping crossbeds of the  Santa Rosa saridstone a t  this loca l i ty ,  

the exact contact being the  base of a gray, p las t ic ,  clayey pebble- 

conglomerate o r  coarse-sandstone contaking  rounded gray and red pebbles 

of reworked Pierce Canyon s i l t s tone  (Fig. l l ) .  The thickness of the 

conglomerate i s  l e s s  than 9 inches. 

There i s  no signif icant  difference in the  overcrl3.. color of the 
?- 

Pierce Canyon and Santa Rosa formation, but without ex6eption the con- 

t a c t  i s  marked by a leached greenish gray zone where vadose water has 

accumulated on top of the impermeable Pierce Canyon, o r  the  clayey con- 

glomerate overlying it. Dif ferent ia l  weathering has accentuated the  

t ex tu ra l  differences of the  t v r o  formations; the  contact i s  marked by a 



; iy. :. .- ,*. .I. (; [ ' i-!lre S . r.; . CHYI.  , . -:ted 
z o r : ~  : c vc: a . c :or.tac' L. as C :  ':.: jo in t .  



Fig. 8. Northeast view of prominent lower Santa 
Rosa sandstone c l i f f  im.ediately above 
Pierce Canyon-Szqta Rosa contact 2t 
llaroon Cl i f f s ,  ~?!$sE$ Sec. 5, T. 21 S., 
R. 30 E., Eddy County, New llexico. 

Fig. 9 .  Closeup of Figure 8 showing lower leached 
zone above t h e  contact cut by an open joint. 





Fig. 10. Closeup of Figure 8 showing bedding 
re la t ionsh ips  and rermrked Pierce 
Canyon pebbles in t h e  basal  Santa 
Rosa. 

Fig.  11. T& sect ion i<o. 23 of Pierce Canyon- 
Santa Rosa contact,  a t  Ilaroon C l i f f  s, 
Eddy County, Nex 1-iexico, showing re- 
worked P ie rce  Canyon s h d e  pebbles in 
t h e  overlying Svl ta  Fisa s ads tone ,  and 
t h e  cont ras t  in average grzin size. 
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s!nall undercut ledge of Santa bsa  sandstone. 

The Pierce Canyon-Santa Pasa contzct 1 ~ s  t raced by the  wr i t e r  

over a d i s tv l ce  of 1.25 miles  along I.!aroon C l i f f s  k which there  i s  no 

evidence of a gradat ional  contact between the  trio fomations.  

Other o u t c r o ~ s  in Texas a d  !lev iiei5co.- liest of I4aroon Cliffs - ----- 
t he  Pierce Canyon redbeds a r e  exposed in numerous excavated h i l l s i d e s  

in t h e  v i c i n i t y  of t he  U. S. Potash Conpany mine. Other smal l  exposures 

were reported along the  eas t  s ide of t h e  Pecos River d e y  in southern 

Eddy County, 2 miles north of t h e  Texas s t a t e  l ine .  Measured sect ions 

compiled by Leve (1952, p. 20) show a m a b u m  thickness a t  this l o c a l i t y  

( ~ e c .  22, T. 26 S., R. 29 E.) of 30 fee t ,  but ne i ther  t he  upper nor - 
lower contact i s  exposed. East of t he  Pecos River, and 1 t o  3 miles 

north of t he  Red Bluff Lake bed the  Pierce Canyon redbeds a r e  exposed 

a t  numerous scat tered l o c a l i t i e s  in Secs. 2, 3, 11, 12, 13, and 14, 

I Blk. 57, T. 1, T&P RR Co.; all these outcrops occur in sinkholes. The 

maximum thickness measured by Komie (1952, p. 16) in t h i s  l o c a l i t y  was 

I Fi f t een  miles south-southwest of Red Bluff Lake dam t he  Pierce 

Canyon redbeds a r e  exposed in sinkholes scat tered through Secs. 3, 10, 
I 

23, 26, and 35, B lk .  45, PSL, along t h e  Culberson and Reeves County l ine.  

of the other  outcrops. The wr i t e r  of fe rs  the  following explanation f o r  
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this deceptive outcrop color. The Pierce Canyon redbeds in this area 

f o m  low, evenly rounded hills which a r e  surrounded by loose gypsifemus 

so i l s .  During weathering, grains on t h e  surface of the redbeds a re  

loosened and dislodged from t h e i r  or ig ina l  position. The individual 

gra ins  o r  saall rock fragments a re  noved by the  wind which immediately 

introduces a sort ing action. Shi f t ing  ~ ~ h d s  cause l o c a l .  deflat ion of 

t he  la rger ,  lighter-weight material. The most abundant heavy mineral 

in the  Pierce Canyon formation i s  f r e sh  subspherical magnetite, averag- 

ing 0.03 millimeter i n  diameter, which i s  loca l ly  concentrated i n  

placers  l e s s  than 1 millimeter thick. Because the magnetite i s  more 

spherical  and heavier than the  lightvrbight quartz and feldspar  fract ion,  

it i s  the l a s t  t o  be deflated. The dislodged ma,~et i te  tends t o  con- - 
centrate  i n  the  cracks and open bedding planes of t he  parent rock while 

the  l i g h t e r  mater ial  i s  winnowed away. A s  there  i s  l i t t l e  re l ie f  except 

f o r  s m L L  shallow depressions cut  i n to  flat-1-g s i l t s tone ,  the  rain- 

water run-off moves a t  a slow r a t e  u n t i l  it col lec ts  in the l a rge r  draws 

through the  gypsif emus so i l s ;  hence, it does not rernove the  concentrated 

Red Point,  t h e  southernmost outcrop of the Pierce Canyon formation, 

southeastern Culberson County, 10 miles north of Kent, Texas, 5 miles 
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T&P RR Co.). Approximately 140 f e e t  of Pierce Canyon redbeds a r e  ex- 

posed a t  Red Point in the  e s c a r p e n t  beneath a ve r t i ca l  c l i f f  of Creta- 

ceous conglonerate. The base of t he  outcrop i s  covered by ta lus ,  but 

the  upper contact with the  Cretaceous rocks i s  w e l l  exposed. Fitz- 

pa t r ick  (1950, p. 60, Eeasured Section 2) reported 143 f e e t  of Pierce 

I Canyon redbeds a t  Red Point. Svnples f ron  Deep Rock O i l  Conpanyts 

Seay No. 1 dry hole (Sec. 21, E l k .  59, T. 7, T&P RR GO.) 0.75 cli les 

ea s t  of Red Point, ind ica te  a Rustler top 130 f e e t  below the  surface. 

I f  130 f e e t  i s  added t o  the  U3 f e e t ,  t h e  f igure  of 273 f e e t  so obtained 

may be a f a i r  estimate of t he  thickness of t he  Pierce Canyon redbeds in 

this v ic in i ty .  

I The lowest 90 f e e t  of sect ion on the  outcrop i s  d u l l  moderate - ~ reddish brown (10R4/6), thin-bedded s i l t s t o n e  and fine-grained sand- 
I 

stone with in t e rca l a t ed  dark red clay bn inae .  The bedding planes a r e  

pe r s i s t en t  and s l i g h t l y  undulasa. A 10-foot ledge of s i l t y ,  fine- 

I grained sandstone i s  the  only pmninent change in the  otherwise uniform 
I 
I slope below the  Cretaceous contact zone. The uppermost 53 f e e t  of 

I sect ion i s  lighter-colored; l i g h t  brown t o  pale red (5YR6/4, 10R6/2), 

thin- t o  thick-bedded, s i l t y ,  f i n e  sandstone. The change between 

the reddish brown and the  l i g h t  brown zones i s  gradational, but t he  con- 

t r a s t  i s  most conspicuous ircmediately above a hard, clayey, very f i n e  

sandstone, A l l  t h e  beds included in the upper, light-colored zone a r e  

sof t  and crunpled. The only l i t ho log ic  change i s  i m e d i a t e l y  beneath 

I 

I 

I 

I 
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t h e  Cretaceous contact where 5 f e e t  of l i g h t  greenish gray (5G~8/1) 

c l ay  caps the  Pierce Canyon redbeds. There i s  a topographic break a t  

t he  base of the  v e r t i c a l  5-foot c lay  zone t h a t  coincides with the  brown 

t o  gray color  change. The clay i s  no t  bedded, and there  i s  no indica- 

t i o n  of s t ruc ture  other  than v e r t i c a l  f i s s u r e s  which extend downward 

i n t o  t h e  underlying b rom s i l t s tone .  The f i s s u r e s  cross  through t h e  

Pierce Canyon-Cretaceous contact i m e d i a t e l y  above t h e  clay, but are 

hidden from view by t h e  conglomeratic texture of the Cretaceous rocks. 

The unconformable contact between the  Pierce Canyon and the  over- 

l y ing  Cretaceous i s  an i r r egu la r  undul~Sc  surface with a maximum re l ie f  

of 1.5 f ee t ;  it i s  marked by a d i s t i n c t  textural change from s i l t s tone  

(pierce canyon) t o  sandy pebble-conglonerate (Cretaceous). - 

I 
About 35 f e e t  of Cretaceous rocks crop out above the  contact 

I along a dissected near-vertical c l i f f .  Calcareous, s i l t y  clay forms the  

I matrix of t he  pebble conglonerzte in t h e  lower pa r t  of t h e  section; 

I bedding i s  e r r a t i c  and numerous thick-bedded silty-limestone lenses  a r e  
I 

interspersed with the  conglomerate. 
I 

I The westenmost exposure of the  Pierce Canyon formation observed 

1 by the  wr i t e r  i s  18 miles  west of the ~ulberson-~eeve:s*~ount~ l i n e ,  25 

miles northwest of Kent, Texas, where 45 f e e t  of Pierce Canyon redbeds 

I 
(Travis, 1951, p. 37) occur in the  trough of a northwest-trending 

syncfie in t h e  N W ~ .  NI$ Sec. 5, Blk .  91, PSL. DeFord ( o r a l  communica- 

I 
I t ion) has reported one o ther  smal l  exposure in the Skli N E ~ ,  B l k .  87, PSL, 

I 

I 
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Culberson County, Texas. 

A l l  t he  Pierce Cvlyon outcrops in Culberson County a r e  smaU and 

i so la ted ;  s t ra t igraphic  correlat ion between outcrops was not  practicable 

s ince no common horizon was recognized. IJevertheless, ident i f ica t ion  of 

the  Pierce Canyon foxmation a t  these outcrops i s  ver i f ied  by: (1) sub- 

surface re la t ionships  t o  t he  top of the  h s t l e r  fomation,  and (2) nearly 

i d e n t i c a l  mineral assemblages with only s l i g h t  t ex tu ra l  variation. 

Rustler-Pierce Canyon contact.- The Rustler-Pierce Canyon contact 

i s  not  exposed a t  the  surface as f a r  as the  wr i te r  knows. R. K. DeFord 

(o ra l  communication) s t a t e s  t h a t  he has never seen the  contact exposed. 

Other geologis ts  have suggested o r a l l y  t h a t  the  gypsifemus limestone - 
overlain by red s i l t s t o n e  along t h e  eas t  s ide of t he  Pecos River valley 

in Eddy County, New 14&co, represents  the Rustler-Pierce Canyon contact. 

The gypsiferous limestone re fer red  t o  here is, i n  f ac t ,  a thick indurated 

caliche deposit  on an eroded Rust ler  surface and may be one of the  cal i -  

red s i l t s t o n e  sequence i s  present in the  subsurface 12 miles north- 

northwest of Maroon Cliffs .  A t  t h i s  location, the  Southwest Potash 

. Company mine ( S E ~  Sec. 9, T. 1 9  S., R. 30 E.), cores from two pilot-holes 

. 5A and 6A c l ea r ly  show t h e  reason f o r  t he  misident i f icat ion of t h e  



Fig. 12. Thin section 120. 17 of core fron 
Southvrest Potash Company? s pilot-hole 
6A, SZ& Sec. 9, T. 19 S., R. 30 E., 
Eddy County, Hew I.lexico, showing re- 
worked Pierce Canyon pebbles in the  
GatGa sandstone (~enozoic)  . 

\ 



Rustler-Pierce Canyon contact. A t  5A the contact betwsen the Ftustler 

dolomite a d  the overlying Pierce Cayon s i l t s tone  i s  a d is t inc t ,  un- 

i- 
!. disturbed, non-transitional contact 207 f e e t  below the  surface and 

3,153 f e e t  above sea level .  In pilot-hole 6A, 450 f e e t  north of 5A, 

t h e  Rustler dolomite i s  overlain Sy 16 f e e t  of caliche containing clay 

and silt  and topped by 2 f e e t  of caliche and rehvrked red s i l t s tone  

from the  Pierce Canyon formation ( ~ i ~ .  12). The top of the  Rustler 

dolomite in pilot-hole 6~ i s  3,130 f e e t  above sea l e v e l  o r  23 f e e t  

higher than in pilot-hole 5.4. Five t h i n  sections representing 18 f e e t  

of core across  t h e  contact in pilot-hole 6A show t h a t  the lowest 4 f e e t  

of cal iche contains about 4 per  cent clay; t he  overlying 12 f e e t  of 

cal iche contains a few red rock fragnents of s i l t s tone  and claystone - 
t h a t  increase in abundance i n t o  t h e  uppernost 2 f e e t  of reworked Pierce 

Canyon pebbles and c a l c i t e  cenent. T h i s  upper 2-foot zone i s  the  basal 

p a r t  of the  GatuEa formation. 

The caliche r e s t s  on an erosion surface. In some places where the 

cal iche i s  absent t he  Gatuiia sandstone, which i s  la rge ly  composed a t  

this l o c a l i t y  of reworked Pierce Canyon and Sznta Rosa de t r i tus ,  r e s t s  

on the  erosion surface; f o r  example, in the  F1etcher"Potash Core Test 

(Lot 4, Sec. 1, T. 21 S., R. 28 E.) 12 miles northeast of Carlsbad, New 

Mexico, it i s  described by Lane, (19k2, p. 63) a s  follows: 

The 55 f e e t  of mater ial  b-nediately beneath the  
surface svlds and caliche a r e  logged a s  gray sand- 
stone, This may be interpreted a s  representing 



t he  basal  pa r t  of t h e  S a t a  Rosa smdstone vrhizh 
ih surfece agosurcs  ez1 be ce2n t o  grzde i ? to  
the  underlying Pierce C&?J-on redbess. The Pierce 
Cayon redbeds a r e  5C5 f e a t  thick 51 t h i s  well. 
This thickness i s  exceptionilly great  f o r  the  
formation and i s  es?ecially surprising in view 
of the  f z c t  t h a t  the  h s t l e r  f o m ~ t i o n  which 
underl ies  it i s  s q o s e d  a t  the  swface  l e s s  thv l  
a mile t o  the north. The Rustler section 320 f e e t  
thick in this well lacks  zbout 1 C O  f e e t  of the 
top beds but othenrise it represents a no& 

. 

thickness and successioa of beds. 

These samples were not avai lable  t o  the wr i te r  in 1953; nevertheless it 

seems evident t h a t  the  redbeds a r e  Gatuiia r a the r  than Pierce Canyon. 

The coarse tex ture  of t h e  GatuEa sandstone i s  i l l u s t r a t e d  in 

Figure 12. This t h i n  section was cut  from a 2$-inch core t h a t  was 

almost indist inguishable in hand specinen from a typica l  s a ~ p l e  of the ' 

Pierce Canyon redbeds. Differentiation of the Pierce Canyon redbeds 

from t h e i r  reworked counterpart in the  Gat&% saqdstone i n  ro tary  drill 

cut t ings  i s  d i f f i c u l t  because the s ize  of the reworked pebbles i s  greater  

than the l a r g e s t  cuttings. Unless the  Rustler o r  the Santa Rosa con- 

t a c t s  can be ver i f ied ,  hand-specimen o r  binoculzr ident i f ica t ion  of 

these red s i l t s t o n e s  (pierce Canyon, ~ a t u i i a )  i s  unreliable. 

The Rustler-Pierce Canyon contzct has observed-i-. cores a t  U. S. 

Potash Companyls No. 3 shaf t  (SE* Sec. 13, T. 20 S., R. 30 E.), 7 d e s  

southeast of the  Southwest Potash Company mine. Thin sections prepared 

from cores and representat ive of the  l i thology across the Rustler-Pierce 

Canyon contact show an abrupt t ex tu ra l  and l i thologic  change from gray 



anhydri te ,  conta ining a t r a c e  of red  clay,  t o  thin, evenly bedded 

reddish brown s i l t s t o n e .  There a r e  no reworked Rus t l e r  f ragnen ts  in 

t h e  P i e r c e  Canyon, n e i t h e r  i s  t h e r e  d i s tu rbed  bedding t o  i n d i c a t e  the  
? r 

presence of reworked m a t e r i a l  in t h e  pas t .  A similar Rustler-Pierce 
L i .  Canyon con tac t  was observed in pi lo t -hole  cores  a t  U. S. Potash Corn- 

panyfs  s h a f t  No. 1 ( c e n t e r  of S$ Sec. 12, T. 21 S., R. 29 2.) 5 mi les  

south of s h a f t  No. 3. 

Dis to r ted  bedding and e r r a t i c  Rust ler  "tops1I have a l s o  been used 

a s  an argument in f a v o r  of a post-Rustler  and pre-Pierce Canyon erosion 

surface. A sur face  of t h i s  type  was described by L, P, Corbin, J r ,  

(chief Geologist ,  Potash Company of m e r i c a )  during t h e  sinking of Potash 

Company of Umericafs shzft No. 4 (SX$ Sec. 4, T. 20 N., R, 30 2.). - 

Corbinfs f i e l d  n o t e  desc r ip t ion  of t h e  subsurface contact  i s  as follows: 

t o  90 f e e t ;  s o f t ,  r ed  g r i t t y  mudstone ( f i n e  sand). 

t o  9 1  f e e t ;  very near ly  pure shalo k i t h  gypsm, veqy 

t o  97 f e e t ;  

i r r e g u l a r  p i t ch ing  a d  sharp v e r t i c a l  d ips  
i r r e g u l a r i t i e s  average 2 t o  3 inches in 
width a d  depth. 

gypsum, on s o u t h e s t  s i d e  i s  a l a r g e  zone, 
s l ickensiaed,  dipping contact  (d ips  north- 
wgst) betwwn . ~ y p s u !  q d  shd:. contact  
L ~ u s t l e r - p i e r c e  canyo%/ very sharp no - 

gradat ion.  Contact 2-feet lower on south- 

t o  1 0 1  f e e t ;  

t o  l l 2  feo t ;  

" -  ~ 

west s i d e  than on northwest side.  

gypsun with red  c l a y  and granular  gyp. 

z t  107 f e e t  hor izon ta l  f i s s u r e s  with black 
organic  mate r ia l ,  3 inches  zbove this 
f i s s u r e  i s  a f i n e  grained dolo115t.e. 



It i s  important t o  note once azain, separately, the  description 

of t h e  exact contact as,  "... very sharl, no gradetion" which has been i f  

t h e  same in three widely separated cores previously discussed. There 

i s  evidence of rnovenent along t h i s  swface,  but cores of the Pierce 

Canyon redbeds typica l ly  show slickensided c lay  zones because of slump, . - 

and s i n i l a r  fea tures  a t  t h e  contzct have probaSly resul ted from t h e  sane 

cause. In conjunction with the  slickensided clay, t he  cores a l so  show 

small-scale displacement, fau l t ing ,  along the gypsum-filled jo in t s  

(Fig. 6). 

Slump and sinkhole fea tures  a re  comon in the  Rustler outcrops 

of Culberson County, Texas. 'vmy t h ~ ~ ,  should s imilar  features  be con- . . ,! 
'.!I 

sidered unusual when encountered in the subsurface of Nash Draw, Monu- - 
ment Draw, Clayton Basin, and the  Pecos River val ley whore i n t e r i o r  !I 
drainage i s  the  ru l e  ra ther  than t h e  exception? Ground water studies 

by Theis e t  al. (1942, p. 64) show t h a t  most of t h i s  region i s  lacking 

in surface drainage and t h a t  these surface depressions (Nash Draw, Nonu- 

ment Draw, Clayton  asi in) were probably fomcd by the  integrat ion of 

chains of sinks. They have a l so  s ta ted  tha t ,  i n  the v ic in i ty  of t he  

potash mines rihere closely spaced potash t e s t  holes pe'-wit detai led 

correlat ion,  there  i s  a s t r ik ing  s imi lar i ty  between slumped beds in the  

Rustler and depressions in the  underlying salt. Their correlat ions 

indica te  t h a t  t h i n  individual  beds of the  upper Rustler follorf t he  

. ;  
undulations of the salt surface with l i t t l e  o r  no variat ion in thickness. : ! 



The e r r a t i c  r e l i e f  of the  R u s t l e ~ P i e r c e  Canyon contact has r e  &!! 

sul ted from post-depositional s lmping and/or Cenozoic erosion. 

ever the  R u s t l e ~ P i e r c e  Canyon contact was observed, e i the r  in shaf t s  o r  

cores, wherever t h i n  sect ions and sznples conclusively prove the  Pierce 

I Canyon t o  be in place, t h e  contact i s  marked by an abrupt l i t ho log ic  

change from dense dolomite o r  anhydrite t o  thin-bedded si l ts tone.  t 
5 

Thickness of section.- A t  t he  subsurface type section in Loving 

County, near  t he  center of the Delaware Basin, the  Pierce Canyon fonna- -- 

I: t i o n  i s  about 350 f e e t  thick. Other o i l  t e s t s  in eastern Loving County 

have.also encountered about t he  same thickness of red s i l t s tone  at  the 

same s t ra t igraphic  position. Similarly, on the  north rim of the basin 
(1 4 

- 
a t  Nash Draw the  formation haS a th ick iess  of 317 f e e t  in Snowden and 

McSweeney's HcNutt No. 1 dry hole. In U. S. Potash Company's shaft  No. 

I 
; r l  

3, 4 miles  north of t he  McNutt No. 1, the  Pierce Canyon i s  320 f e e t  b I 
..I 

1) 

thick and the  upper contact i s  overlain by a mediurc-grained sand which \ 
I 

i s  believed t o  be Gatufia. DeFord (1942, p. Z 6 )  has s tated that about 

470 f e e t  of "Dewey Lakett redbeds i s  present between 395 and 873 f e e t  

in the  Halfway pool, Lea County, New blexico, 30 miles east-northeast of I 

Carlsbad. DeFord and Wahlstrom (1932, p. 59) have s ta ted  t h a t  193 f e e t  

of post-Rustle~pre-Triassic redbeds i s  present in Hobbs Field (Sec. 9, 

T. 19  S., R. 38 E.) Lea County, New Kexico. A t  Red Point, in southm 

eastern Culberson County, Texas, 273 f e e t  of Pierce Canyon can be 

accounted f o r  by combining the octcrop and subsurface thicknesses. 
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Elsewhere in the basin, r e l i a b l e  datz  a r e  e i t h e r  not avai lable  o r  there 

i s  evidence t h a t  the  sediments have been reworked during the  Cenozoic. 

Hundreds of deep o i l  t e s t s  have penetrated the Pierce Canyon red- 

beds in and around the  Delaware Basin, but, before credi t ing thickness 

measurements derived from poorly preserved rotary-drill cuttings,  one 

should consider t he  late-Cenozoic history. 

The Pierce Canyon redbeds covered a s t ruc tu ra l  basin t h a t  has d w  

ing the  Cenozoic Era undergone slow subsidence induced by solution and 

subsequent displacement of t he  underlying salt and gypsum. Stream 

erosion accompanied the  subsidence a d  a maze of channels were cut  and 

f i l l e d  in the  Pierce Canyon s t ra ta .  A few of these channels a r e  evi- 
l 

denced by the  e r r a t i c  thicknesses of the  post-Rustler deposits. These , 

formations were truncated along the  northern and western margins of the 
I 

basin. Synclines and sink holes protected all t h a t  reaains  of the  
I 

Pierce Canyon redbeds in these regions. liost of the sediment resul t ing 

from t h i s  erosion was transported i n t o  the  basin. Basinward slump along 

the reef-front, a s  indicated by the  synclines on Pla te  4, resul ted in 

s t ruc tura l  depressions t h a t  were f i l l e d  with almost 2,000 f e e t  of Ceno- 

zoic de t r i tus .  The thickness of t h i s  d e t r i t u s  has bcsn discussed by 

Maley and Huffington (1953, p. 5U) ;  they recognize three  separate major 

accmulaz;ions. Red s i l t s tone ,  resu l t ing  in par t  from the reworked Pierce 

Canyon redbeds, i s  a common const i tuent  of t h i s  de t r i tus .  Thus it appears 

tha t  without more cores, we shall never be ab le  accurately t o  measure and 
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', . 
separate t he  Pierce Canyon fo.rmtion f r o 3  i t s  reworked counterpart in 

the  Cenozoic f i l l ,  although the  t~r;) could be distinguished in cut t ings 

from the cable-tool wel ls  of t he  preceding generation. 

Svl ta  Rosa Su.dstone 

N. H. Darton (1921, p. 183) applied the name Santa Rosa t o  a prom- 

inen t  sandstone-and-shale sequence, about 350 f e e t  thick, near t h e  base 

of t h e  Dockum Group in the  mesas of Guadalupe County near Santa Rosa, 

New Mexico. On t h e  bas is  of i t s  vertebrate  f o s s i l s  and i t s  position 

beneath t h e  Chinle shale, t h e  Santa Rosa i s  considered t o  be Upper 

Tr iass ic  in age and equivalent t o  the  Shinarump conglomerate f a r t h e r  

northwest. In the  Delaware Basin the  Santa Rosa formation consis ts  o f -  
I 

moderately well-sorted medium sandstone with l a rge  crossbeds and well- 

sorted, unifozmly thin-bedded s i l t s tone .  The sandstone and s i l t s tone  

a r e  t yp ica l ly  moderate reddish brohll (10~4/6) and f o r  all prac t i ca l  p w  

poses i d e n t i c a l  in color t o  t h e  Pierce Canyon redbeds. 

No comprehensive descr ipt ion of t he  Santa Rosa sandstone in Texas 

,has  been published, although numerous wr i te rs  (Sidwell and Gibson, 1940, 

and Sidwell, 1945; Lang, 1947; Adams, 1929; and Green, 1954) have men- 

tioned i t s  occurrence o r  described i t s  mineral content a t  i so la ted  local- 

i t i e s .  In t h e  northern hal f  of the  Delavmre Basin the  Santa Rosa sand- 

stone ove r l i e s  t he  Pierce Canyon redbeds and underlies t he  Chinle shale. 

Approximately 50 f e e t  of t he  Santa Rosa sandstone i s  exposed a t  



llaroon C l i f f s ,  bounded a t  the  base by a well exposed unconfomabl 

.40 

con- 

t a c t  (Fig. 10) with the  Pierce Cvlyon redbeds and truncated a t  the top 

by a Pleistocene ( ~ r e t z  and Horberg, 1949; p. 493) erosion surface now 

marlced by caliche. The C h i d e  fornation, a l so  of Upper Triassic  age, 

i s  exposed in Sec. 4, T. 21 S., R. 30 E. about a n i l e  eas t  of llaroon 

Cliffs .  

In the  cen t r a l  par t  of t he  Delaware Basin the Santa Rosa sandstone 

i s  l oca l ly  referred t o  as the  Barstow (~darns, 1929, p. 1052). It forms 

a low, red, southward-trending escarpment that in t e r sec t s  U. S. Highway 

80 ( ~ e c o s  t o  0dessa) eas t  of Barstow, Texas. A s ra l l e r ,  l e s s  prominent 

pa r t  of t h i s  sane trend crops out 12  miles south of Barstow on U. 

k Highway 265, approximately 13 miles southeast of Pecos in the NE& Sec. - 
I 

T 12, Blk. 51, T. 7, T&P RR Co. The l a t t e r  location i s  the  most southerly 

i outcrop of Santa Rosa sandstone known t o  the  wri ter ,  although the Bisset t  
1 

? 

, ll 
I '  sandstone crops out south of t he  Delaware Basin. The escarpment i s  the 

r e su l t  of Cenozoic slump a d  truncation and i s  the  western l imi t  of 
7. 

Santa Rosa outcrops. 

Tr iass ic  sandstone, presumably Santa Rosa, has been described in 

o i l  t e s t s  in the  southern par t  of the  Delaware Basin,'keneath Cretaceous 

conglomerate. 

A t  Maroon C l i f f s  in Eddy County, New Mexico, t he  Santa Rosa fonna- 

t i o n  i s  composed of reworked Pierce Canyon pebbles in coarse s a d  
I I 

which grades upward i n t o  medium-to-fine sand and silt. The lowermost I / 



i 10-15 f e e t  of t he  Santa Rosa svldstone contains la rge  crossbeds, a few 

of which a r e  forese t  beds up t o  1 5  f e e t  long (Fig. 8); the  crossbeds 
C ,. have a mean dip of 9' northwest and an amplitude of 2 t o  3 fee t .  Lesser 

1 
crossbeds, which t e h a t e  within a few inches, a r e  comon. 

I n t e r s t r a t i f i e d  with the  crossbedded svldstone a r e  thin l aye r s  of 

evenly bedded s i l t s tone .  The mineral assenblages of t he  sandstone and 

t h e  s i l t s t o n e  a r e  about t h e  sane, the  most conspicuous difference being 

the  abundance of p l a ty  minerals associated with the  f i n e r  grain-sizes. 

Thin pebble-conglomerates, although not  t yp ica l  of any par t icu lar  horizon, 

a r e  common. Sidwell and Gibson (1940, p. 5) have reported two t h i n  l aye r s  

of conglomerate, one 1 5  f e e t  above the  base of the  formation and the  other 

20 f e e t  below the  top  i n  Guaaalupe County, New Mexico. - 
In the  v i c i n i t y  of Roswell, New Nexico, the  Santa Rosa sandstone 

i s  a pe r s i s t en t  aqui fe r  (Theis e t  id., 1942, p. 65; Sayre e t  al., 1942, 

p. 77). L i t t l e  information i s  avai lable  concerning the  qual i ty  of 

t he  water i n  Texas but it i s  useful f o r  stock purposes near Pecos 

and f a r t h e r  ea s t  (Sayre e t  zl., 1942, p. 77, 82, 97). Farther  south, 

along the  escarpment a t  Barstow, Texas, where the Santa Rosa sandstone 

i s  well  cemented by ca l c i t e ,  v e r t i c a l  joint ing has resul ted in 

rectangular blocks; it was formerly quarried a s  a building stone. 

Quarrying operations were r e s t r i c t e d  t o  the  Barstow vicini ty .  

Exploration f o r  radioactive minerals in the  Santa Rosa formation 

of Texas and southeastern New Mexico i s  current ly active. Lignitized 



and mineralized wood in the  basal  conglo~era te  of the Santa Rosa i s  

s l i g h t l y  radioactive. 

Strat igraphic Equivalents of Pierce Canyon Redbeds 

I.lany of the foma t ions  in the  Delaware Basin, Salado, Rustler, 

Pierce Canyon, Santa Rosa, and ChirJe, have counterparts in the  1ti.d- 

land Basin, ea s t  of t he  Central Basin Platform. The Pierce Canyon 

counterpart i s  current ly referred t o  a s  the  Dewey Lake formation. In 

br ie f  chronological order the  h is tory  of these two formations i s  as 

follows. 

Adams (1929, p. 1045) was among the f i r s t  t o  recognize the  

Permian-Triassic redbed problem a s  one of considerable importance. He 

described (p. 1052-53) t e n  c r i t e r i a  f o r  d i f fe ren t ia t ing  Permian and 

.Tr iass ic  redbeds in west Texas. 

Cartwright (1930, P1. 2, p. 970) or ig ina l ly  correlated the  red- 

beds, now assigned t o  the  Pierce Canyon and Dewey Lake fomations,  with 

the  Quartermaster redbeds of cen t r a l  Texas. 

In 1932, DeFord and Wahlstrom (1932, p. 59) described the s t ra t ig-  

raphic pos i t ion  of t he  redbeds from Hobbs f i e l d ,  Lea Cyunty, New Mexico 

as follows: 

... these beds beneath the  Svl ta  Rosa sandstone 
and above the  Rust ler  anhydrite a r e  readi ly  corre- 
l a t e d  with Red-beds in similar  posi t ion elsewhere 
in Lea and Eddy counties t h a t  contain s . d  amounts 
of anhydrite o r  gypsum which r e l a t e  them t o  the  



underlying a u s t l e r  a i d  dist inguish then fr0.x t h e  
o v e r l y h g  Gockum. L~I  short  they have m a y  of the  
cha rac t e r i s t i c s  of P e r i m  Eed-beds, wkich a r e  well  
described by kdans (1329). 

Wzlter B. Lang (1935, p. 264) described a i d  named these redbeds 

t h e  Pierce Canyon formation f r o a  t h e  subsurface of the Delaware Easin 

in east-central  Loving County, Texas. He described the Pierce Canyon 

a s  350 f e e t  of red s i l t s t o n e  above t h e  Rustler and below the  Santa Rosa 

f o m a t i o n s  and assigned it t o  t h e  P e d a n .  

The same year, John E. Adams (1935, p. 1021-22) reported t he  

P ie rce  Canyon formation in t h e  Midland Basin as I!. . . t he  uppennost 

Pernian c l a s t i c s  of t h e  southern basin.ll Rdans discussed t h e  l i tho loey  

in d e t a i l  and h i s  descr ipt ion i s  h o s t  i d e n t i c a l  t o  Lang's o r ig ina l  - 
description. Adains described the  101-rer contact of t he  Pierce Canyon 

formation a s  ". . . a sharp chvlge f ron  red c l a s t i c s  of the  basal  Pierce 

Canyon and the  white evapori tes  of t h e  upper ,hstler. t l  He s ta ted  t h a t  

t he  Rust ler  i t s e l f  grades i n t o  redbeds on the  southern zargin and t h a t  

t h e  two formations, Rust ler  and Pierce Caryon, a re  separated by a zone 

of f ro s t ed  quartz grains.  The upper contact was described by Adams as 

follows : '?. 

The Pierce  Canyon Red-beds a r e  separated from the  
overly in^ Tr iass ic  by a marked erosional unconfomity 
and a decided change in l i t ho log ic  character. 

The age was s t a t ed  t o  be Permian. 



over t he  c e n t r a l  po r t i oc  of t h e  Pem.im basin. No 
outcrops a r e  k n o a  =d no f o s s i l s  have been reported -- 
from t h e  c u t t i n s s  a i d  cores. Unlike t h e  older  Per- 
m i v l  beds, t h e  Pierce  Cz~yon  c l a s t i c s  do no t  grade 
i n t o  Pcrinian, dc lon i tes  a d  1iJxestones. But t h e  c lose  
s i m i l a r i t y  of l i t h o l o g i c  charac te r  aqd s t r uc tu r e  
l i n k s  these  beds f i r n l y  v i t h  the  underlying fo-mations 
which a r e  d e f i n i t e l y  of Pexxian age. A~paren t ly ,  
these  Hed-beds were t he  f i n a l  dcpos i t s  of t he  r e t r e a t -  
ing Permian sea a d  they a r e ,  the re fore ,  t he  youngest 
k n o w  P e d a n  depos i t s  in t h e  southern United S ta tes .  

Two yea r s  l a t e r  Lang (1937, p. 876, fn .  38)) having changed h i s  

ideas  concerning the  age of t he  P ie rce  Canyon, s ta ted ,  "The Pierce  

Canyon redbeds a r e  now placed in t h e  T r i a s s i c  and nay be r e l a t e d  t o  t h e  

I 

Page and Adams (1940, p. 62) redescribed t h e  redbeds of t he  14idland 

' the i r  l i t ho logy  and s t r a t i g r aph i c  pos i t i on  ca l l ed  then  the  Dewey Lake 

' formation. They s t a t e d  t h a t  t h e  Dewey Lake redbeds have a c o n f o m b l e  

Rosa, Tr iass ic )  formation. They described t he  Gewey Lake redbeds from 
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Texas, d r i l l e d  in 1932 and abandoned a t  a t o t a l  depth of 3,810 fee t .  

The general l i t ho logy  of t he  Dewey Lake f o n ~ t i o n  tias described f ron  a 

261-foot red s i l t s t o n e  sequence with gypsum cezzent and sporadic con- 

cen t ra t ions  of rounded, f rosted,  quartz grains.  The overlying Tecovas 

fonaation i s  described by Page and Hdans (1940, p. 63) 2s 30 t o  200 f e e t  

of rock t h a t  c lose ly  r e s a b l e s  t h e  ude r ly ing ,  undisturbed Permian. 

With reference t o  t h e  l i t h o l o g i c  difference between the Tecovas and 

Dewey Lake forna t ions  Page and Adam described t h e  Tecovas as having a 

I t . . .  r i c h  crop of new heavy nineralsl:, increased b i o t i t e  content, and 

l e s s  induration. They fu r the r  s t a t ed  t h a t  t he  upper beds of t h e  Tecovas 

grade i n t o  the  overlying Svl ta  ilosa forination. 

I Also during 1940 Dickey (1940, p. 50, fn. 22) concluded as the 
I ~ resu l t  of a regional  subsurface study in the  v i c i n i t y  of Lea County, New 

I 
I Mexico, t h a t  

I . .. t he  top of t he  .%stler i s  a n  erosion surface 
on which the  Dewey Lake sands were deposited. 

I 

I A few yea r s  l a t e r ,  Adams (1944, p. 1601) s t a t ed  t h a t  the  Pierce 
I 

1 Canyon redbeds of t h e  Pecos Valley were similar l i t ho log ica l ly  t o  the  
I 

post-Dewey Lake redbeds of t he  southern Pemian Basin all t o  the Quarter- 

I master redbeds of t he  Texas Panhadle .  
I 

Later,  Lang (1947, p. 1673) described some of t he  roc!ts exposed 

i on the ea s t  s ide  of the  Pecos River val ley in southeastern New #&co. 

He iden t i f ied  two types of redbeds a t  t h i s  location: "(1) coarse t o  

I 

I 

I 
1 

I 

I 



fine-grained arkosic  g r i t s ,  s a d s t o n e s  and s i l t s t o n e ,  ..." which he 

r e f e r s  t o  as t h e  S a t a  b s a  sandstone of t h e  Dockun group, and 

"(2) another sequence of fine-grained, evenly 
bedded s a d s t o n e s  and s i l t s t o n e s  described a s  t h e  

r Pierce  Cvlyon redbeds of t h e  Doc!mn gro-~p and a l s o  
considered t o  be t i ~ ~ e r  ( ? )  Tr i a s s i c  in are .  though . A . . 
no c r i t i c a l  f o s s i l  e-ridence ha .S ever 
them. F i e ld  i nves t i s a t i ons ,  ho.n.ever, have dis-  
closed t h a t  t h e  Sarita iiosa sandstone grades i n t o  
t h e  P ie rce  Canyon redbeds a d  t h a t  they  a re ,  in 
pa r t ,  contemporaneous in origin." 

Whether o r  no t  t h e  Dewey Lake redbeds i n  t h e  YLidland Basin a r e  

s t r a t i g r a p h i c  equivalents  of t h e  P ie rce  Canyon redbeds, as o r i g ina l l y  

%: descr ibed in 1935 by Lang, in t h e  Delaware Sasin,  has remained a dis-  

b 
puted question. I n  e f f ec t ,  no co r r e l a t i on  has been c o ~ p l e t e l y  accept- 

) 
- 

ab le ,  l a r g e l y  because of t h e  l ack  of i d m t i f i a b l e  cha r ac t e r i s t i c s  in 

the se  redbeds. The present  i nves t i ga t i on  has shown t h a t  t h e  P ie rce  

Canyon, Dewey Lake, and Quartenaster  f oma t ions  have almost i den t i c a l  

mineral  assemblages. 



Texture 

The Pierce Canyon redbeds, tMch r e s t  upon the  Rustler evaporites, 

consis t  of 350 t o  450 f e e t  of s i l t s tone ,  devoid of chemically deposited 

beds. Gypsum, ca lc i te ,  and hematite cement const i tute  the only i m p o ~  

t a n t  chemical prec ip i ta tes  i n  the  Pierce Canyon redbeds. There i s  no 

consistent textural difference within the  redbeds e i ther  ve r t i ca l ly  o r  

horizontally.  Nearly dl the  material  i s  c lass i f ied  a s  medium o r  coarse 

s i l t s tone ,  and the  extrene textural range i s  f ron  claystone t o  clay- 

pebble conglomerate. fieither t he  claystone nor the  pebble conglomerate 
- 

forms pers i s ten t  beds t h a t  &end more than 0.25 mile. Two 10-foot 

zones contain large,  rounded, f ros ted  quartz and orthoclase grains a t  

Maroon Cliffs, Eddy County, New Mexico; one zone 265 f e e t  above and the 

o ther  115 f e e t  above the  top of the  Rustler, both contain 3 t o  5 per 

cent well-rounded and f ros ted  grains l a r g e r  than 0.4 mm. in diameter. 

The two zones were not detected in U. S. Potash Companyts shaft  No. 3, 

4 miles north-northwest of Yaroon Cliffs ,  although DeFord s t a t e s  (o ra l  
N 

communication) that he has made use of one of them in subsurface corre- 

l a t i o n  a s  f a r  a s  Elonument, in eastern Lea County, New Mexico, 35 miles 

e a s t  of Maroon Cl i f f s .  

F i f teen  samples were selected from a pilot-hole core (u. S. Potash 

Coinpany shaft  No. 3, SZ$ Sec. 13, T. 20 S., R. 30 E.) t o  represent t he  
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e n t i r e  t ex tu ra l  variat ion in the  section. Thirteen of t he  f i f teen  

samples used in the  t ex tu ra l  vlzlyses were thin-sectioned in order t o  
r 

provide an o p t i c d  check on the  .size d is t r ibut ion  of the  grains. The: ,. 

13 th in  sect ions exhibi t  t he  typ ica l  s i ze  variat ion observed in t h e  

Pierce Canyon sarcples throughout the  area studied. 

From 20 t o  33 grams of rock were crushed with a rubber pes t l e  and 

a leached in warn  d i l u t e  (1:10) hydrochloric acid util a l l  of the hematite 

s t a i n  and cementing minerals were re.qoved. The wet sample was then rubbed 

I with the  f ingers  on mbber sheeting u n t i l  disaggregation was complete. 

The s a m l e s  were a i r  dr ied and sieved a t  an in t e rva l  of k d (i! Wentworth 

grade) and t h e  sil t  and c lay  were analyzed by means of the p ipe t te  pro- 

cedwe described by Krumbein and Pet t i john (1938, p. 167). A 0.002 - 
molar solution of sodium pyrophosphate ( N ~ ~ P ~ o ~ )  was used a s  a dispersing 

agent during p ipe t t e  analyses. Resulfs fro= these analyses a re  shokn i n  

Figure U+ and Table 1. Parme te r s  used i n  this t a b l e  a r e  from ~ o l k "  

Mevl Size 1Iz = dl6 + d50 + 654 
3 

Sorting (Inclusive Graphic Standard ~evi&$on)  GT 

4 6.6 

Skewness (Inclusive Graphic skewness) SkI 

I 
I 

Kurtosis KZ = 

I 
I 

I 

I 

I 



Phi Median liean s i ze  4 Mean s ize  m. Sorting Skewness Kurtosis 

bid+ 1% 1% 01 Sk1 z 



Sand 

C - 
c 
3 - 

0) 

C a 2 
2 z 
L * 
a: 
a&l .- c a 
C u 
w 0) 

O : V 
n 

-IoCoI---- - 
#C-- 

5 0  
I 
I - 
t 
I 
I 

- 4 0  
FREQUENCY CUMULATIVE 

CURVE % -  CURVE - 
I 

30  
I 
I 
I 
I 
I 

- 2 0  
I 
I 
I 
I 
I - 10 
I 

G r a i n  S i z e  

Fig.  13. Smmation of t e x t u r a l  data  from 1 
t i v e  of a v e r t i c a l  sect ion of the  

5 sm.ples, representa 
Pierce  Canyon redbed 





52 

These analyses show t h a t  Rone of the s a p l e s  contained more than 

10  per cent clay a d  t h a t  only 4 of the 15 smples  contaiied nore than 

1 0  per  cent sand. Sur;Illing the  r e su l t s  of all the grain-size analyses 

y ie lds  a t o t a l  size-distribution in t h i s  Q p i c a l  Pierce Canyon section 

of 9 per  cent suld, 87 per  cent s i l t ,  a d  only 4 per cent clay, a s  

shown in the  cumulative curve, Figure 13. The do.llinant type of sediment 

i s  a nediun-to-coarse silt having a mode of 4.8b (-036 m.) a median 

diameter of 5-06 (-031 Dm.) a d  a nean of 5.2$ (-029 m.). The grain- 

s i ze  analyses a r e  i l l u s t r a t e d  in Figure U; where the data have been 

p lo t ted  on phi-probability paper t o  accentuate the t a i l s  of the curves. 

Such a uniform grain-size d is t r ibut ion  throughout the s trat igraphic 

section suggests t h a t  the mecha~ics or" transport and the s ize of the  

material  contributed t o  the  basin r-ed h o s t  unchanged throughout 

Pierce Canyon time. 

Optimum sorting occurred in the  coarse-silt  c lass  where the . 

standard deviation (GI) was 0.7 phi  un i t s  (0.7 Wentworth grades), and 

values f o r  GI ranged up t o  1.56. A sorting value (standard deviation) 

of 0.7 means t h a t  68 per cent of the sample l i e s  within 0.7 PJentworth 

units on e i t h e r  s ide of the  mean grain-size. '?. 

The sort ing value ol was plot ted against mean grain-size ( ~ i ~ .  15) 

t o  show sort ing a s  a function of the mean grain-diameter. The l i n e a r  

relat ionship between the t w o  varidoles i s  expressed by the equation 

q - 0.60 + I %  - 4.961 2 0.20, which indicates  tha t  optimum sorting 
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occurred a t  a nean grain-size of 4.9$ (0.032 mn.), t h a t  is, both f i n e r  

and coarser sediments a re  more poorly sorted. The defini t ions used 

here are: very well sorted s e d h e n t s  have a Dl l e s s  than 0.35; well 

sorted sediments, 0.35-0.50; noderately sorted, 0.50-1.00; poorly 

sorted, 1.00-2.00; and very poorly sorted sediinents have a Gl l a rger  

than 2.00. These sampies a s  a whole a re  poorly-to-noderately sorted 

because the sort ing measure includes nearly all (90%: i.e. 895 t o  85) 

of t h e  curve. Consequently s i d l  ,mounts of clay and sand increase the 

sort ing value. If G were computed a s  the  spread between 816 and 850, 

basing the  sort ing only on the  coarse-silt mode, the  standard deviation 

would then be between 0.4 and 0.7 (well t o  moderately sorted). In 

these samples, sediment with a nean divneter corresponding with the - 

modal diameter of the  predoninant sil t  i s  also the  best  sorted. When 
I 
I weaker currents contributed f i n e r  s i l t  and a l i t t l e  clay t o  t h i s  pre- 

dominant s i l t  grade they worsen the sorting. Stronger currents tha t  

contributed sand a l so  mrsened the sorting, because they added coarser 

grains t o  the dominant s i l t  grade. 

Notice tha t  all but one of the U+ sm.ples are fine-skewed, most 

of them markedly so, a s  shown by the open c i r c l e s  on '.he r ight  side o r  

f i n e  wing of the size-vs.-sorting diagram (Fig. 15). This skewness was 

1 a l s o  caused by the depositional mechanism, i-e,, samples having only the 
I 

s i l t  mode a r e  symmetrical but the addition of subordinate amounts of 

1 f i n e r  materials t o  the  unchanging s i l t  grade causes the curves t o  have a 
I 

I 

I 
I 

I 
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t a i l  t o  t h e  r i g h t  and become f b - e  skewed. Thus skewness is ,  l i k e  sort- 

ing, a f u c t i o n  of mean grain-size a s  shown in Figure 16. 

In most s edken ta ry  d i s t r i bu t ions  it has been found (Griffths,  

1951, p. 237) t h a t  optbum sor t ing  occurs a t  a nevl  s i ze  of about 2.5 d 
( f i n e  sand); f o r  t h i s  reason, it i s  unusual t h a t  i n  t he  Pierce Canyon 

optimum sor t ing  corresponds with a mean value of 4.9 8. I.!ost sanples 

. of  sedimentarj  rocks t h a t  have a simil.nr mean grain-size show a staqdard 

deviat ion of 1.5 t o  3.0, representing ~ u c h  poorer sorting. The Pierce 

Canyon s i l t  i s  much b e t t e r  sor ted than o the r  s e d h e n t s  of t h i s  mean 

gra in  size.  

The equations f o r  skewness a d  ku r to s i s  may be new t o  many 

geologis ts .  They a r e  adapted from the  mathenaticians' standard, the  

Gaussian curve, and employ re la t ionsh ips  u t i l i z e d  by s t a t i s t i c i a n s  f o r  

many years  in  t h e  ana lys i s  of all t n e s  of data. The ku r to s i s  measure 

as used here considers t h e  grain-size spread from 895 (95%) t o  85 (5%). 

In t h e  n o d  Gaussian o r  p robabi l i ty  curve the spread f r o 3  895 t o  85 

i s  exact ly  2.44 times t h e  spread from b75 t o  b25. Therefore, a curve 

I 
I more peaked than t h e  normal Gaussian curve has a value of XZ grea t e r  

than 1.0, ind ica t ing  an excessive concentration of graitlr; about t h e  mode 
I 
l 

and a deficiency of gra ins  in t h e  coarse and f i n e  wings. Pierce Canyon 

I redbeds a r e  near ly  dl l ep tokur t i c  ~ 5 t h  KZ grea te r  than 1.00, again be- 

cause of t h e  uniform silt-node with an abnormally l a rge  concentration 
I 

of g ra in s  of s i l t  size.  There appears t o  be a re la t ionship between 

I 
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skewness and ku r tos i s  as indicated by the sca t t e r  diagran i n  Figure 17. 

Folk ( o r a l  comunication) has f o u d  t h a t  p lo t s  of skewness versus 

ku r tos i s  a r e  of considerable h 

vironment s . 
The coarsest  n a t e r i d  i n  the  Pierce Canyon redbeds i s  pebble con- . 

glonerate, which cons is t s  of well  rounded, s l i gh t ly  indurated mud-balls 

l e s s  than 2 cm. long, t h a t  were l o c a l l y  derived from pa r t ly  consolidated 

sediment as t h e  r e s u l t  of wave o r  current action, f o r  t h e i r  con?osition 

resembles that of t he  subjacent rock. ibIud-balls and clay-balls of 

granule s ize  (Fig. 18) a r e  believed t o  have a s i n i l a r  origin. Neither 

the pebbles nor t he  g r d e s  fo rn  pers i s ten t  beds. 

The sand-size mater ia l  cons is t s  of quartz and orthoclase and 

t races  of microcline, chert ,  and sanidine. Grains l a r g e r  than 0.1 am. 

are  typ ica l ly  moderately-to-well rcunded with noderate sphericity,  be- 

coming progressively more an,dar  in the  s rd l e r  sizes.  Grains l a rge r  

than 0.1 mm. have f ros ted  ~ u r f a c e s ,  unifoml;r roughened with shallow 

cresentic-shaped p i t s ,  probably by impact abrasion during wind trans- 

port, whereas t h e  f i n e r  gra ins  

surfaces . 
From 80 t o  90 per cent of t he  Pierce Canyon formation i s  silt. 

I 
With two minor exceptions ( sanidine and i l l i t e )  , a l l  d e t r i t a l  minerals 

l is ted under the heading " l -Zne ra l~&~ are  represented in the  silt 

. fraction. Except f o r  chert ,  most of t h e  grains  in the coarse silt 

. . ---- _ . .._ __ . . .I-- . 





Fig. 18. Thin section No. 30 (X2 5 )  of mud balls in 
Pierce Canyon redbeds, Ed* County, New 
14eXico. 
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f r ac t ion  (0.031 t o  0.062 mn.) a r e  subangular t o  subrounded. Grains 

f i n e r  than 0.031 mm. a r e  subangular t o  u l g d a r .  Grain surfaces are 

typ ica l ly  f r e sh  and shiny regardless  of t h e i r  angularity. 

The s i l t  f r ac t ion  i s  composed of 75 t o  85 per  cent quartz, 20 t o  

30 per  cent orthoclase, 1 t o  5 per  cent microcline, t races  of plagio- 

c lase,  chert  and d e t r i t a l  ca l c i t e ,  1 t o  3 per  cent muscovite, b io t i t e ,  

ch lor i te ,  and 1 per cent metamorphic rock fragments, and 1 t o  5 per  cent 

magnetite-ilmenite, tourmaline, zircon, leucoxene, apa t i te ,  and garnet. 

Clay, i den t i f i ed  by X-ray d i f f r ac t ion  pa t te rns  a s  mite by C a r l  

Linden, Department of Ceramic hg inee r ing ,  The University of Texas, i s  

widely but sparsely d is t r ibu ted  throughout t he  formation. Claystone 

i s  r e s t r i c t e d  in the  f o r m t i o n  t o  occasional laminae o r  beds l e s s  than - 

2 inches thick. Those vrho have seen the  Pierce Canyon formation in the  

f i e l d  o r  examined i t s  cu t t ings  under the low-power binocular microscope 

will question t h e  small ( l e s s  than 10 per  cent) azount of c lay  reported 

herein, because outcrop and subsurf ace samples appear t o  contain a higher 

, percentage of clay. Over-estimation i s  a t t r i bu ted  t o  the smooth surface 

of the hematite s ta in ,  which connects the grains  and masks t h e i r  t r u e  

size. What appears t o  be c lay  i s  ac tua l ly  very fine-& lined quartz 

s i l t  having a diameter of about 0.037 t o  0.015 mm. The small amount of 

clay i s  s igni f icant ,  because it suggests the  scarc i ty  of c lay a t  the 

I source and winnowing during transport.  

The predominant coarse s i l t  mode in these s a ~ p l s s  i s  a t t r ibu ted  t o  

.- -. -- - 
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eol ian  t ransport  of t h e  material. This hypothesis i s  pa r t ly  ver i f ied  

by conparing the  median grain-size of 4.2 b t o  5.8 d, with the  grain- 

s i ze  of wind-blown loess  deposits in Karrsas and elsevhere, 4.3 t o  

5.6 b (Swineford and Frye, 1951, p. 309). Eolian t ransport  i s  a l so  

evinced by the  uniform s i ze  and the  l a t e r a l  d is t r ibut ion  of t h i s  uni- 

formly sorted sediment over more than 15,000 square miles of a f l a t  

terrane,  which i s  now in western Texas and southeastern New 1-lexico. 

The v e r t i c a l  grain-size d i s t r ibu t ioa  i s  equally uniform; other than an 

occasional l oca l  accumulation of rounded and f ros ted  sand grains, no 

t ex tu ra l  difference shows any s igni f icant  change in the  rnechanisn o r  

competency of t ransport  during Pierce Canyon time. 
I ~ Like loess ,  t he  Pierce Canyon s i l t s tone  contains a mall  amount of 
I 
I 

clay, which probably resu l ted  l a rge ly  from scarc i ty  at the  source and 

, t o  a l e s s e r  extent from t h e  &effectiveness of wind alone t o  erode clay. 

I 
Most clays originate  f r o m  the  c h d c a l  decompositioc of feldspar  o r  

other aluminum s i l i ca t e s .  The fe ldspar  in t h i s  de t r i t u s  i s  f resh  (p. 71) 

and, =cept f o r  minor se r i c i t i za t ion ,  t h e  grains show no evidence of 

I : chemical decay. Inasmuch a s  cheaical decomposition requires  water, this 
'?. 

evidence suggests t h a t  t h e  source was under the  influence of an a r i d  o r  

semiarid climate, and probably l i t t l e  clay developed at the  source d u ~  

ing weathering. 
I 

I 

Sedimentary Structures  

Outcrop and thin-section examination shows tha t  most of the  de t r i tus  

I 

I 
1 

I 4 



62 

was deposited a s  z.? i n t r i c a t e  r aze  of very f ine  cross-laminae. Kost of 

t he  crosslaminations a r e  not a ~ p a r c n t  in h a d  s?ecinen o r  on the  out- 

crop and a r e  v i s ib l e  only in t h i n  secticn. The l a rge r  crossbeds a r e  

more obvious, f o r  t he  length of t h e i r  forese t  beds ranges from a few 

mil l imeters  t o  4 t o  5 fee t .  The smaller, more comclon, type of very 

f i n e  crosslamination i s  i l l u s t r a t e d  in Figure 4 where the  individual 

s e t s  have resul ted from formation a s  a rippled surface. This type is  

the  r e s u l t  of gent le  current  eddies o r  s d l  waves t h a t  heap the  loose 

de t r i t u s ,  then spread it evenly a s  t h e  turbulence recedes. Such waves 

and eddies a r e  comon in very shallow water where a l i g h t  breeze r ipp les  

the surface and imparts t o  it a s l i g h t  forward motion. A single wave 
- 

o r  eddy may arrange the  loose b o t t o ~  mater ial  i n t o  a rippled surface 

while t he  following wave o r  eddy destroys o r  a t  l e a s t  modifies it. The 

la rger ,  more prominent crossbeds were measured on the  oatcrop. A t  

lhroon C l i f f s  the crossbeds have a mean dip of 13' northwest, below the 

nblocky" sandstone, indicat ing a t ransport  direct ion frcm south t o  

north. The d e t r i t u s  must have been continually shif ted by uniform and 

gent le  currents,  f o r  elongate and p l a t y  minerals (including even quartz, 
Z 

some t o d i n e  and zircon and nearly a l l  the mica) a r e  well  oriented 

with t h e i r  longest dimension p a r a l l e l  t o  the bedding planes. Similarly, ' 

heavy mineral placers  of magcetite-ilne,?ite, leucoxene, apa t i te ,  t o w  

maline, zircon, and hematite-stained nud b a l l s  a r e  arranged in perfect  

laminae, one o r  two gra ins  thick,  p a r a l l e l  t o  the crosslaminations. 

- -- 
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Grain or ien ta t ion  is. especial ly evident in the c l~ye j r  zones where the 

mica f lakes  a re  concentrated. Sirriilar or ientat ion of elongate minerals 

occurs i n  the  p a r a l l e l  beds, but . pa ra l l e l  beddiig i s  rare  in the  Pierce 

Canyon fomation.  Graded bedding, which might indica te  d i f fe rent  

s e t t l i z g  ra tes ,  i s  lacking. 

The smdll amount of clay in the  de t r i t u s  i s  believed t o  have been 

l a t e d  clay was probably transported d o n g  the  sea bottom together with 

the  s i l t  but was only r a re ly  deposited with it because of i t s  d i f fe rent  

hydraulic behavior. Some of the clay became aggregated by ro l l i ng  dur- 

ing t ransport  t o  form h u t e  b a l l s  ( ~ i g .  18),  which were deposited with 

i the heavy minerals in placers. A t  o ther  br ief  i n t e rva l s  wave or  cur- - 

rent ac t ion  was more intense a s  evidenced by the l o c a l  dis tr ibut ion of 

i 
rounded, granule- o r  pebble-size mud- o r  clay-balls in a matrix of si l t  

! 

Two major t ransport ing agents carr ied the Pierce Canyon de t r i t u s  

t o  the f h a l  depositional s i t e .  The f i r s t  was the wind, which deflated 

the loess-size s i l t  and sand a s  dust clouds from a r e l a t ive ly  a r id ,  

I nearly clay-free source, carrying the  sil t  and rounds-q and f ros t ing  the 

I sand, and deposited them in shallow sa l ine  water. The second transpor- 

- ta t ion agent was the  water, which received the  wind-blown de t r i tus ,  re- 

posited it almost grain by grzin i n  f i n e l y  1z.ninated crossbeds. 
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Fig. 19. South7;rard v;,ew of prsconsol idzt ion s ~ ~ z p  f o l d s  i n  
t h e  Dewey Lake red'ceds along Ckm-pion Creek, in  
I E t c h e l l  Cowty,  Twzs ;  1.2 n i l e s  south of Colorado 
City,  0.8 mi les  south-southeast of Seven Wells 
School ar-d 1.1 mi les  west of Texas S t a t e  Highway 208. 

Fig. 20. Southward view of muehroom shaped slunp s t r u c t u r e  in 
t h e  Dewey Lzke redbeds don;: Champion Creek, Y i t c h e l l  
County, Texas; sane l o c a t i o n  a s  Figure 19. 



Following deposi t ion i r ~  t h e  sbd lo t r  s d i n e  sea t he  sediments 

were bur ied by t h e  i n f l u x  of more d e t r i t u s .  D i f f e r en t i a l  s e t t l i n g  and 

compaction r e su l t ed  i n  l o c a l  slm? f e a t u r e s  i n  tone zones. In a few 

places ,  such as t h e  Del~ey Ldxe outcrops nea r  Colorado City, Texas, 

shaped domes as i l l u s t r a t e d  i n  Fig=es 19  and 20. 

tiuch l a t e r ,  during t h e  Cenozoic Era, the  F ie rce  Canyon redbeds 

slumped as huge blocks  i n t o  k a r s t  depressions t h a t  resu l ted  f r o 3  t h e  

removal of t h e  ander lying salt and gypsuin. ]Core o r  l e s s  conte.u.porane- 

ously with subsidence gypsun veins  in t ruded perneable and f r ac tu r ed  

zones p a r a l l e l  t o  t h e  bedding places;  a?d, a s  t h e  c r y s t z l s  of gypsun ' grew, they  spread t h e  g r a in s  apa r t  by t h e  fo rce  of c ry s t a l l i z a t i on ,  and 
! 

disrupted t h e  bedding as shown i n  Fi,nures 21 z r ~ d  22. 

I 

D e t r i t a l  Ikinerals 

~ The d e t r i t a l  minerals  of t h e  P ie rce  Car.yon red arkosic  s i l t s t o n e  

I const i tu te  a d i s t i n c t  and nea r l y  hoaogeneous assexblage, which i s  sim- 
i 

! 
j 
I the f o m t i o n  i s  no t  f u l l y  knox-i (!kp ? :) , but ouCvcrop and subsurface 
i 

samples from t h e  Delaware and Kidland Basins (i?cluding t h e  Dewey Lake 

! 
I 

~ 
I ~ 
~ 
I 
! 
i 
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Fig. 21, Thin section l!o, 51; (X 12 plairi l i g h t )  of gypsum 
vein disrupting the  beading and displacing the  
grains,  Eddy County, Mew I.~&co, 

Fig. 22. Thin section 1-!o. 54 (X 30 plain l i g h t )  of d e t r i t a l  
sand grains displaced by gypsua veins, Eddy County, 
New biexico, 



Quartz.- Quartz cons t i tu tes  60 t o  80 Der cent of the  d e t r i t a l  

I mineral. content in the  Pierce Cayan fornation. The gra ins  range in 

s i z e  f roa  0.005 t o  0.7.xra. and have a mean d i m e t e r  of 0.04 mm. Grains 

l e s s  than 0 . 1 m .  in d i a e t e r .  c o n ~ r i s i n n  the m e a t  bulk of t h e  auartz. 

I a r e  t yp ica l ly  subangular t o  v l p l a r  (Fig. 24) with smooth surfaces. 

i They a r e  only moderately spherical  because of t h e i r  s l i g h t l y  elongate 

habit .  Grains l a r g e r  than 0.1 m. but l e s s  than 0.4 mu. ( f i ne  and 

medium sand s ize)  a r e  t yp ica l ly  subrounded with moderate t o  high 

sphericity; . t he i r  surface i s  cha rac t e r i s t i ca l ly  f ros ted  by abrasion. 

A grain-size diameter of 0.4 mm. appears t o  mark the  lower l i m i t  of w e l l  

? -:. rounded quartz. Larger gra ins  (Figs. 21 and 22) a r e  wel l  rounded and 
8' 
F " '  w, 

g , moderately t o  highly spherical. with uni fors ly  f ros ted  surfaces; the - 

frosted surfaces (caused by crescent ic  cha t te r  marks) and high opheric- 

i t i e s  a r e  the r e s u l t  of abrasion by impact with o ther  gra ins  d-g 

2 sa l ta t ion  while under~oinn  eolian transportation. S d e r  grains.  l e s s  

j;- than 0.1 mm. in diameter, lack f ros t ed  surfaces, because they were 

@ carried ch ief ly  in suspension. No o v - e r p k r t h s  were observed on any 

quartz gra ins  i n  t he  Pierce Canyon de t r i tus .  

> 
i There a r e  three  types of quartz in the  Pierce >anyon redbeds: 
r 
G- grains consis t ing of a s ing le  crystal. with s t ra ight  o r  s l i gh t ly  undulose 
7, 
? .  

extinction (normal igneous o r  end-phase quartz of Krynine, 1940, p. 15) 

' t e r  re fer red  t o  as plutonic quartz (Fig. 23); gra ins  of grossly 

composite c rys t a l s  with strongly undulose extinction (idem, p. 17) 
wk . 



Fig. 23. Thin sec t ion  No. 54 (X 75) 15th  r i c o l s  
crossed: Plutonic  igneous quar tz  ( l e f t ) ,  
a s i n g l e  c r y s t a l  t r i th  s t r a i g h t  e -d inc t ion  
and a snall number of vacuoles and micro- 
l i t e s ;  n e t m o r p h i c  quzr tz  ( r i g h t ) ,  g ross ly  
composite wi th  st rozgly  undiLose.:extinction, 
cenented with c a l c i t e .  
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here inaf te r  referred t o  a s  metamorphic g u r t z ;  and euhedral, dipyra- 

m i d d  quartz with enbayed surfaces here inaf te r  referred t o  a s  volcanic 

classed a s  plutonic; and nearly all t h e  grains  have s t r a igh t  a s  opposed 

t o  s l i g h t l y  undulose extinction. This ind ica tes  that the  source of t he  

sediment was a grani te  with but few stressed portions, and t h a t  gneiss 

was e i t h e r  lacking o r  qu i te  subordinai;e. 

Most of the quartz gra ins  contain a few vacuoles which a r e  typ- 

i c a l l y  grouped in discontinuous subparal le l  l i n e s  o r  l e s s  commonly 

randomly dis t r ibuted.  Only a few gra ins  contain zbundant vacuoles 

such a s  a r e  present in ttmilkyl o r  vein quartz, and t h e i r  occurrence 

does not appear t o  be re la ted  t o  gra in  size; thus  there  was l i t t l e  con- 

t r i bu t ion  from hydrothermal. veins t o  this sediment. 

Only about 20 per  cent of t he  quartz gra ins  contain mineral in- 

clusions of euhedral apa t i t e ,  tournaline, zircon, and r u t i l e  needles, 

and these occur in d i f f e ren t  anounts. Pale blue tourinaline, the  most 

conspicuous microl i te ,  occurs in about 10 per  cent of the  grains  a s  

individual euhedral crystals .  Colorless euhedral zircon occurs in 5 t o  

10 per cent of the  gra ins  in d i f f e ren t  amounts. Only a few grains  con- 

tain an abundance of r u t i l e  needles; most of these grains'have only a 

few randomly sca t te red  needles. There i s  no patent re la t ionship  between 

microlite types and gra in  size.  

The diameter of every netamorphic quartz grain i s  smaller than 



0.07 rnm. These gra ins  were probably derived fmm minor s t ressed 

gne iss ic  o r  sch is tose  zones within t h e  granite.  Ibietamorphic quartz 

occurs only a s  t r a c e s  although it i s  randonly d i s t r ibu ted  throughout 

t h e  e n t i r e  formation. 

Volcanic quartz  occurs only as t r aces  and ranges in s i z e  fmm 

0.03 t o  0.09 mm. The gra ins  a r e  t yp i ca l l y  euhedral with s l i g h t l y  

rounded corners and s t r a i g h t  a o o t h  surfaces many of which a r e  embayed. 

Vacuoles and euhedral a p a t i t e  a r e  the  only inclusions.  

Orthoclase.- Orthoclase g r a i i s  range f ron  0.009 .. w i t  

mean gra in  s i z e  of 0.04 mu. They typ i ca l ly  cons t i tu te  from 20 t o  30 per 

cent of t he  de t r i t u s .  Likc the  quartz, orthoclase in the I v e r y ,  f i n e  and 

and s i l t  c l a s se s  i s  typ i ca l ly  subangular with moderate t o  low sphericity.  

i; The l a r g e r  g ra in s  have a higher spher ic i ty  m d  a r e  b e t t e r  rounded. Un- 

l i k e  t he  quartz, t h e  f ro s t ed  surfaces  of t he  gra ins  of medium- and 

coarse-sand-size or thoclase a r e  l i n e d  by cleavage t races .  Orthoclase 

cons t i tu tes  about 5 per  cent  of t h e  t o t a l  sand coarser thi mm. ; 

thus t he re  i s  a weak tendency f o r  orthoclase t o  be concentrated in the  

7 f i n e r  s izes ,  y e t  i t s  rounding i s  no b e t t e r  than t h e w a r t z .  Authigenic 

, overgrowths of orthoclase,  which formed in the  Pierce Canyon redbeds, 
i 

are r a r e  but these  may account, a t  l e a s t  in par t ,  f o r  t h e  f r e sh  surface 
r: 

k on the l a r g e r  grains.  

Rare micro l i tes  of euhedral tourmaline, zircon, apa t i t e ,  and 

r u t i l e  needles a r e  present in t h e  orthoclase and a r e  s n  .er but  wise 



s imi la r  t o  t he  micro l i tes  in the  q u r t z .  

Nearly all t he  orthoclase i s  c l e a r  and unaltered, l e s s  than 5 per  

I 
, 

cent showing a few vacuoles in p a r a l l e l  l i n e s  along cleavage planes. 

IGo surface a l t e r a t i o n  was detected. The absence of a l t e r ed  orthoclase 

and t h e  abundance of f r e sh  orthoclase i s  indicat ive of a g ran i t i c  

source in . o r  semiar a t e ;  noun t clay t h e  

Pierce Canyon redbeds i s  in accord with t h i s  hypothesis. The modal 

s i l t  s i z e  of t h i s  d e t r i t u s  and the  f la t- lying beds suggest that eolian 

d i s t r i bu t ion  was a s s i s t ed  by low r e l i e f .  The s d  amount of clay i s  
L 

probably due t o  mild weathering a t  t he  g ran i t i c  source. It may have 

Q been a l t e r ed  t o  site during narine diagenesis. 

p 
14icrocline.- The diameters of most of the  microcline grains  a r e  

s d e r  than 0.09 mn.; hence t h e i r  abundance i s  a function of texture. 
t 
k Microcline cons t i tu tes  l e s s  than 5 per  cent of the  t o t a l  d e t r i t u s  and 8. 
& 
k i s  s imilar  in i t s  s i z e  d i s t r i bu t ion  t o  orthoclase; it typica l ly  occurs p 

as  subrounded t o  well-rounded grains  trith  oder rate t o  high sphericity. 

The surfaces of t h e  l a r g e r  grains  a r e  f ros ted  and l i k e  the  orthoclase 

t h e i r  i n t e  r i o r  

- 

unaltered. Thin been 

f of the r a r e  vacuoles a r e  d o n g  the  cleavage planes. b!icrolites of 
T - 

euhedral tourmdline, zircon, and a p a t i t e  a r e  rare.  The s imi l a r i t y  be- 
i 

tween the  inclusions in the  microcline and the orthoclase suggests that 



both minerals were derived f ro5  t h e  saxe source. 

Sanidine.- Svl idine gra ins  r a g e  i! s ize  from 0.07 t o  0.3 mm., 

t h e  majori ty  of t h e  g ra in s  having a ~ l o n g  dinension of 0.12 t o  0.U m. 

The gra ins  a r e  subrounded with moderate t o  high spher ic i ty  and t h e i r  

surfaces  a r e  corroded. Sanidine i s  sporadically d i s t r ibu ted  i n  t he  

section. In some s i l t s t o n e  lenses  it may cons t i tu te  a s  much as 35 

pe r  cent of the de t r i t u s ;  in most of t h e  samples it occurs only as 

t races .  % 

Some of t h e  sanidine i s  hollow. The cav i t i e s  range in s i ze  fmm 

minute, s l i g h t l y  a l t e r e d  patches in t h e  center  of the  gra in  t o  l a rge  

ho les  t h a t  occupy more than 80 per cent of t he  gra in  volume. The - - - 

c a v i t i e s  have i r r e g u l a r  shapes and seem t o  be controlled by solution 

along cleavage planes r a t h e r  t h v l  by solut ion within a  c rys t a l  zone. 

The cav i ty  t yp i ca l l y  occurs in the  center  of the  grain and has a  

pa t t e rn  s imi l a r  t o  t h a t  shown i n  Figure 24. Some grains  t h a t  do not 

contain a  hole o r  cav i ty  exhib i t  a  f a i n t ,  e lusive cen t r a l  zone t h a t  

has an o p t i c a l  o r ien ta t ion  d i f f e r en t  from t h a t  of the  outer  crystal .  

Crystal  zonation i s  more evident in the  v i c i n i t y  of t he  decomposed 
r 

cen t r a l  cavity. Hsu (1954) has found that the  cores of zoned sanidine 

from a dac i te  in t rus ion  in t h e  San Gabriel  l-Iountains, California,  a r e  

more po tass ic  whereas t he  s h e l l s  a r e  more sodic. A similnr  composition 
.? 

B; may be t h e  cause of solut ion of the sanidine cores in the  Pierce Canyon 
% 
2- redbeds. 
!! 



Fig. 24. Thin section No. 29 (X 150, plain l i g h t )  of two hollow 
sanidine grains in the  Pierce Canyon det r i tus ,  Eddy 







74 

These holes  o r  cav i t i e s  in the sanidine grains from the Pierce 

Canyon redbeds a re  believed t o  have been fomed a f t e r  deposition, be- 

cause many of the  grains now a r e  .orJy f r a g i l e  she l l s  t ha t  would have 

been destroyed during t raqsport ,  and because none of t he  holes i s  

stained with hematite around the  edges although a few do contain ca l c i t e  

o r  gypsun. Hence the  holes in the  svl idine must have fomed a f t e r  the 

solved the  l e s s  s tab le  cen t r a l  zone which was probably of s l i gh t ly  

. gypsum o r  ca l c i t e ,  while others  r a i n e d  e a p t ~ .  

The small range in the  modal s i ze  of tho sanidine grains (0.12 t o  

suggest t h a t  they were only s l i g h t l y  abraded during transport and t h a t  

they are about t h e  same s i ze  as the  or ig ina l  c rys t a l s  a t  the smrce. 

some other eruptive o r  extruded rock. 

So f a r  as the  wr i t e r  knows, ne i ther  the  Santa Rosa sandstone 

' 
above, nor the  Rust ler  evaporites and redbeds below the  Pierce Canyon 

contain hollow sanidine; therefore it nay be useful a s  a s trat igraphic 
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The presence of hollow sanidine grains  in the  Pierce Canyon red- 

I beds of the Delaware Basin, the  Dewey Lake redbeds of the  FLdland Basin, 

and the  Quartemaster redbeds f a r t h e r  north suggests t h a t  they received 

d e t r i t u s  from the  s a e  source. A more de ta i led  description of these 

I hollow sanidine grains  i s  current ly in ~ r e s s  (1.5ller. 1955). - - . - - - -  

To check the  r e l a t i v e  abundmce of sanidine, r a n d ~ =  samples were 

selected and 100 gra ins  were e-xznined in ref rac t ive  index o i l s .  The 

sanidine content ranged from t r aces  t o  a s  much a s  35 per cent of t he  

material. In one pa r t i cu l a r  s e t  of samples f ron  a f r e sh  core (u. S. 

Potash Company shaf t  No. 3, S Z ~  Sec. 13, T. 20 S., Re 30 E., Eddy County, 

New ~ w i c o )  there  i s  a narked chvlge i? sanidine content 11;0 f e e t  below - 

the surface which corresponds t o  a chvlge in the  cment  in the  Pierce 

Car,gon redbeds. Below UcO f e e t ,  svl idine 'const i tutes  l e s s  than one per  

i cent of the  d e t r i t u s  in which t h e  doninant cenent i s  gypsum. Above ll& 

; fee t  t he  sanidine content increases  sharply t o  about 30 o r  35 per  cent 

.), and the doninant cement i s  ca l c i t e .  Other than the  change in the  
C 

abundance of sanidine and the  cement, there i s  no change in the  tex ture  

or in the  mineral assenblage. This change was not  detected in any of 

t h e  other  cores o r  outcrop samples from nearby. A p o ~ s i b l e  explanation 

. may be t h a t  conditions favoriqg c a l c i t e  cementation a l so  favored b e t t e r  

preservation of t he  sanidine. 

Pla~ioc1ase.-  Plagioclase gra ins  a r e  r e s t r i c t ed  t o  diameters of 

less  thaq 0.13 mm. They cons t i tu te  l e s s  than one per  cent of the t o t a l  
- 
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d e t r i t u s  and a r e  t y p i c a l l y  subargular t o  subrounded and about 0.04 mm. 

long. Both t h e  e x t e r i o r  and i n t e r i o r  of t he  g r a in s  a r e  unaltered,  but  

corroded edges and . s d l  embayments a r e  co-mon. The g r a in s  a r e  t yp i ca l l y  

elongate, irregularly-shaped l a t h s ;  hence t h e i r  spher ic i ty  i s  somewhat 

l e s s  than t h a t  of t h e  o the r  f e l d spa r  grains .  Vacuoles a r e  abundant; 

although most of them a r e  gra~peci  along cleavage planes, more randomly 

s ca t t e r ed  vacuoles a r e  present  in plagioclase  t h m  in e i t h e r  microcline 

o r  orthoclase.  N i c r o l i t e s  mpea r  t o  be comon in all the  grains ,  but  

none could be  i d e n t i f i e d  because of t h e i r  s m a l l  size.  

Chert.- Chert i s  r e s t r i c t e d  ahnost e n t i r e l y  t o  t h e  s i l t - s i z e  - 
d e t r i t u s ,  where it occurs  as well-rounded, s l i g h t l y  elongate ( e l l i p t i c )  

g r a in s  sparse ly  and randomly d i s t r i bu t ed  through t he  e n t i r e  formation. 

The leng th  of the  g r a in s  ranges f ro% 0.03 t o  0.06 mm. The surfaces  of 

the  g ra ins  a r e  p i t t e d  by r a n d o d y  shaped, shallow depressions, as t h e  

r e s u l t  of h p a c t  with o the r  g r a in s  during transpo-rktion.  

Chert cons t i t u t e s  nuch l e s s  t.h one per  cent of t he  t o t a l  

: d e t r i t u s  but  i s  s i gn i f i c an t  because it ind i ca t e s  t h a t  a t  l e a s t  a p a r t  

of this mate r i a l  was derived from soze pre-exist in2 sedimentary source. 

Calcite.- D e t r i t a l  c a l c i t e  i s  no t  a conmon const i tuent  of t h e  

aces  it cons t i t u t e s  a s  much a s  3 per  cent of 

c a l c i t e  i s  sparry; t h e  g ra ins ,  composed of 

.. clear. c r y s t a l s  about 0.01 mm. long, a r e  moderately-rounded and have a 



Det r i t a l  sparry c a l c i t e  i s  r a re  in nost  sedimentary rocks be- 

cause of i t s  chenrical i n s t ab i l i t y .  I ts  occurrence here suggests t ha t  

it originated from the  disaggregation of previously ceaented material  

tance t o  the  depositional s i t e .  Reworking of the  ni i ter ial  probably : I 

posed the  newly deposited carbonate beds t o  wave action. The source of 

sparry c a l c i t e  i s  discussed in more d e t a i l  under the heading ttMineral 

1-1uscovite.- Muscovite, i t s  grain length averaging 0.07 m., i s  

&- per cent of t he  de t r i tus .  Flakes of rcuscovite u9 t o  0.8 mm. long are  
6 r 

twisted and bent between sand grains even i n  the  coarsest de t r i tus ,  but 

& clay laminae. In the  f i n e r  grain-sizes the f lakes  a re  typica l ly  so , ; . I  

planes. The f lakes  a re  e l l i p t i c a l  with well  rounded edges, which may i 1 

, currents of t he  Pierce Canyon sea. 
a )-I 

Biotite.- The b i o t i t e  content of this fornation exceeds the ! 1 . 
f muscovite content about two t o  one. Brown, pale green, and colorless  



(leached) b i o t i t e  a l t oge the r  cons t i t u t e s  about one pe r  cent  of t he  

de t r i t u s .  Brown b i o t i t e  i s  nuch more abundant than the  green o r  color- 

l e s s  var ie ty .  Dark brown euhedrzl b i o t i t e  (pseudo-hexagonal f lakes)  

tr i th a long diameter of 0.06 m. was detected in a few sanples and i s  

probably of volcanic o r ig in .  Xost of the  b i o t i t e  i s  a t  l e a s t  s l i g h t l y  

rounded and a few f h k e s  a r e  e l l i p t i c &  with rounded edges s imi la r  t o  

t he  muscovite; some of them occur a s  r a t h e r  t h i ck  packets. 

Chlorite.- Traces of c h l o r i t e  z r e  randoLily dispersed in the  f i n e  

d e t r i t u s  as pa le  blue green f l a k e s  about 0.08 m. long. A few f l a k e s  

have rounded e d ~ e s  as t h e  r e s u l t  of abrasion. Thev m v  have been de- - 
rived from a minor a r ea  ' schi iei 

--u - -  

!ted wit t h e  ni te ,  

E p  but more probably r e s u l t  from a l t e r a t i o n  of o ther  ferromagnesian minerals. 1; 

Metarnomhic-rock frapments.- I r ~ e g u l a r l y  shaped rock-fragments 
i 
t 

with sch i s tose  o r  s l a t y  s t r uc tu r e  cons t i t u t e  l e s s  than one per  cent of 

the de t r i t u s .  The fragments a r e  =dl, about 0.04 ca. in diameter, and 

are randomly dispersed with t h e  o ther  de t r i t u s .  Although t h e i r  mineral 

1, content was no t  determined, most of them contain badly warped s e r i c i t e  

1 
. Bnd fine quartz. These fragments probably or iginated from small out- 1 b 

crops of & i s to se  rock within  t he  igneous source. 
F I '  
I 

b. G1auconik.- Rare glauconi te  occurs a s  well-rounded g r a in s  with 

moderate spher ic i ty  ran I in t h e  

si l t-size g r a in s  0.03 t o  0.04 m. long. Ir. t h i n  sect ion t h e  g ra ins  



appear pale  trapplew green. 

1~Iawetite-ilnenite.- Magnetite and i t e  a r e  the  most abundant 

6 heavy minerals in the  Pierce Caq-on redbeds. Heavy-mineral separation 

1 shows t h a t  about half  the  gra ins  a r e  magnetite, because they a r e  s tmngly  

magnetic, and half  a r e  i l nen i t e .  Ysgnetite-ilmenite cons t i tu tes  from 

1 t o  3 per  cent of t he  t o t a l  de t r i t u s ,  occwring a s  well rounded, shiny 

black grains,  with a moderate t o  nigh sphericity.  The mean grain s ize  

i s  about 0.03 mm. 

; Magnetite-ilnenite i s  abundant in the  heavyqinera l  placers  

throughout t he  red olddized p a r t s  of 

in t h e  gray-green reduced spa ts  o r  be 

the  

ids. 

rock; 

I h y  

it 

hea 

occurs only a 

~vy-mineral p l  

,s t races  

acers  

have been traced from the  red portion of t he  rock on one s ide of a gray- 

green zone, across the  zone, and i n t o  the  red portion of the  rock on 

the opposite side. Both red ends of the  placer  contain about the  sane 

amount of magnetite-ilmenite, leucoxece, t ou rnd ine ,  zircon, and apat i te ;  

but, within the  reduced gray-green zone the magnetite-ilxenite content 

; drops t o  zero o r  a t race ,  whereas the o ther  heavy minerals maintain 

a b o u t  t h e i r  same r e l a t i v e  abundance. The abrupt decrease coincides with f 
k 

i the color  change. The magnetite-ilnenite or ig ina l ly  present has been 

h dissolved by the influence of reducing conditions and weak acids. 1 
Where chemical reduction has resul ted from leaching by ground 

I water, the gray-green zones may contain magnetite-ilmenite p a r t l y  a l te red  
k 

to  hematite; in these zones, t h e  gra ins  appear t o  be channeled by solution 
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o r  fragmented a d  the  surrounding matrix i s  dark rsd because of 

authigenic hematite. h a few places there  the  leaching i s  incomplete, 

a s  indicated by the  dark (red) patches in Figure 4, magnetite-ilmenite 

i s  s t i l l  abundant. I n  t he  v i c i n i t y  of the ma=etite-ilmenite grains,  

in most of t h e  gray-green zoces, t he re  i s  no evidence of a l t e ra t ion  

such a s  leucoxene o r  l imonite rims o r  halos; ne i ther  i s  there any de- 

crease in t h e  s i ze  of t h e  n a g ~ e t i t e - i h e n i t e  grzins close t o  the  re- 

duction spots. 

The presence of d e t r i t a l  magnetite-ilmenite in the  red, oxidized 

pa r t s  of the  rock indicates  only t h a t  the  source rock was r i ch  in these 

minerals. The absence of d e t r i t a l  magnetite-ilmenite in t h e  gray-green, 

reduced spots  and beds indica tes  t h a t  these minerals have been dissolved. 

The causes of reduction a d  solution a r e  discussed under the heading 

nGray-green reduction zones". 

The precedhg reaarks concerning the  presence and absence of 

d e t r i t a l  magnetite a re  t r u e  of more than a hundred sanples from widely 

separated geographical areas examined by Folk and the  writer. The samples 

are  from beds ranging in age from Cambrian t o  Tertiary, including most 

of the famous redbeds on the  North American continent, Beds which have 

, been enriched with hematite such a s  r e s i d d  clays and s o i l s  a r e  not 

represented. Abundant d e t r i t a l  magnetite-ilmenite in every red sample 

indicates t h a t  t h e  source of t he  d e t r i t u s  was r i ch  in these minerals. 

The significance of source rocks r i ch  in magnetite-ilmenlte, and t h e i r  



I re la t ionship  t o  the  or ig in  of redbeds has been discussed by b i l l e r  and 

Folk (1955), who concluded tha t  the  grea t  sequences of redbeds i n  the 

geological column were derived p r e d o h a n t l y  f ron  igneous o r  metamorphic 

sources and were not necessari ly  formed in a marine o r  nonmariae environ- 

ment o r  under any spec i f ic  climatic conditions. 

Leucoxene.- Leucoxene, one of the  most abundant heavy minerals, 

cons t i tu tes  about one per  cent of t he  detr i tus .  It occurs a s  well- 

rounded, s l i gh t ly  elongate grains with high sphericity,  which are  read- 

i l y  detectable under re f lec ted  l i g h t  because of t h e i r  d u l l  white color. 
k 

t: The grains range i n  diameter from 0.05 Icm. t o  0.02 nm. and have a mean 

long diameter of 0.03 mq. 

Leucoxene i s  a s tab le  heavy mineral which r e su l t s  from the  al tera-  

t ion of ilmenite. There a re  no p a r t i a l l y  a l te red  ilmenite grains with 

leucoxene rims. There was hardly t i n e  f o r  a l t e r a t ion  a f t e r  deposition 

and before burial.  Alteration by ground water should have l e f t  rims. 

Hence, if the  leucoxene grains a re  s t i l l  i n  t h e i r  f i r s t  sedimentary cycle, 

the a l t e ra t ion  from ilmenite probably took place a t  the source o r  during r 
I# 

transport, not i n  the  P ie rce  Canyon redbeds. 
?- 

Tourmaline.- Subhedral and euhedral tourmaline grains a re  l e s s  

8 common than leucoxene, composing l e s s  than one per cent of this detr i tus .  

, Most of-the grains a re  pale  blue and may be indicat ive of pegmatites 

- within the g ran i t i c  source. Blue tourmaline ranges in s i ze  up t o  a 
? 

; 
"um of about 0.6 mm., but t y p i c d l y  i t s  longest dimension i s  0.03 
r 

I! 
t 
I. 
v: 
h 
5 
t- 
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and a few broken c r y s t a l s  a r e  well-rowded. =ongate rec tan ,dar  

vacuoles and s ca t t e r ed  r u t i l e  needes a r e  the  only inclusions.  Pa le  pink 

and co lo r l e s s  t o m a l i n e ,  which a r e  much l e s s  abundant, contain t h e  sane 

inc lus ions  and a r e  about t h e  saqe s i z e  a s  the  blue var ie ty .  The l a r g e s t  

tourmdline g ra in  encountered was of t h e  co lo r l e s s  va r i e t y  and had a long 

dimension of 0.8 mm. 

r ived  from t h e  saxe source 2s t h e  quartz because of t he  s im i l a r i t y  be- 

Zircon.- Zircon, s l i g h t l y  l e s s  abundmt than tournal ine ,  i s  one of .- 

l i k e  the  tourmaline, probably derived f r o s  sone o t h e r  source o r  suffered 

longer abrasion.  A l l  t h e  z i rcon i s  color less .  

A ~ a t i t e . -  The f a c t  t h a t  mhhedral a p a t i t e  g ra ins  a r e  a b n o m d l y  

canic quar tz  may have been der ived from the  sane volcanic source. The 

crysta ls  a r e  s l i g h t l y  r o ~ ~ d e d  on t he  corners and nos t  of t he  g r a in s  a r e  



about 0.03 mm. long. In a few szrnples the  apa t i t e  content equals tha t  

of the  tourmaline o r  zircon. 

Garnet.- The diameter of t h e  garnet ranges fron 0.02 t o  0.03 mm, 

The grains are  typica l ly  well rounded ar.d have corroded o r  p i t t ed  SUP 

faces, Most of the gra ins  a r e  colorless  o r  pale pink. Garnet i s  a 

r a r e  constituent i n  the heavy-mineral placers. 

Ruti1e.- The scarce r u t i l e  grains occur a s  pale yellow, near 

per fec t  squares with s l igh t ly  rounded corners about 0.02 mm. long, 

Fossils.- Only two f o s s i l s  were recovered from this detr i tus ,  

both of which were unidentif iable broken fragments about 0.03 mm, long 

and consist of a simple, perforate ca lc i t e  o r  phosphatic plate. The 

perforat ions a re  abundant, randody but closely spaced, and circular. 

The intervening l a t t i c e  i s  featureless.  

1 l l i te . -  Ten f r e sh  clay sanples from cores believed t o  be repre- 

senta t ive  of the v e r t i c a l  clay d is t r ibut ion  a t  U. S. Potash Company's 
--- 

mine shaft  No. 3, SE$ Sec. 13, T. 20 S., R. 30 E., Eddy County, New 

Mexico, were analyzed by X-ray diffract ion.  All the samples were 

iden t i f i ed  a s  i l l i t e .  

The i l l i t e  content i s  homogeneously distr ibuted in th in  beds 

I 
throughout the  Pierce Canyon section and const i tutes  only 4 per cent of 

the  de t r i tu s ,  There a r e  only a few beds of claystone, and these a r e  



I geneous. Most of t h e  i l l i t e  i s  conplete ly  s ta ined  with hematite, so  

) t h a t  it i s  darker red than t h e  coarse-grained r a t e r i a l .  A l l  t h e  i l l i t e  

I i s  absorbent; it tends  t o  swel l  t o  t h e  point  of dissaggregation when 

water i s  added. -- , I ,  T 

G.~DsL~.- Clear f i b rous  msun i s  t h e  predominant cement in t h e  

P ie rce  Canyon redbeds. It conposes 10 t o  20 per  cent  of t h e  rock, 

1, mc 

t h e  

I sai c 

beds 

patches  

contain  

of 

muc 

f i b rous  

,h l a r g e r  

c r y s t a l s  0. 

t c ry s t a l s ,  

0 1  t o  

which, 

as t h e  r e s u l t  of t h e i r  growth UD t o  0.7 o r  0.8 m.. have s l i r h t l v  dis-  .I 

place The 

" 

f a c t  t h a t  nea r l y  t h e  gy-p 

w 

sum i s  c lea  .r and 

f r ee  of inc lus ions  suggests  t h a t  t he  c r y s t a l s  were p rec ip i ta ted  in the  
k 

i n t e r s t i c e s  of t h e  sediment a f t e r  b u r i a l  in highly s a l i n e  sea water. 
5 

In a few p l ace s  t h e  f i b rous  c r y s t a l s  of g y p s u  enclose d 
i 
C 
k& patches of c a l c i t e ,  which nay i nd i ca t e  t h a t  t he  gypsum lras deposited I 

i around t he  edge of t h e  i n t e r s t i c e  and t h a t  c a l c i t e  l a t e r  f i l l e d  t he  

centra l  void space. In o the r  p a r t s  of t h e  sm.e specinlen the calc i te  is = 
Lt 

in contact  with t h e  hematite-stained grains.  Hence t he r e  i s  no patent 

order of p r ec ip i t a t i on  f o r  c a l c i t e  znd @rpsum, but both of thea were 

6, deposited a f t e r  t h e  hematite. This  i s  c l e a r l y  shovm by t h e  f a c t  t h a t  all I 
t 

i: t h e  auartz s i l t - e r a i n s  a r e  coated with hemki te .  but  t h e  m s u m  and L: 1 
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c a l c i t e  overl ie  t he  hematite and e re  not thenselves stained with it. 

Veins of gypsum, which penetrated the fornation during the Ceno- 

zoic Era a s  the  r e s u l t  of sluap +n the basin, contributed addit ional  

cement t o  t h e  lower half of the Pierclj Canyon redbeds. These zones a re  

discussed in more d e t a i l  on page 20. 

Calcite.- Sparry c a l c i t e  ceaent const i tutes  approximately 5 per 

cent of the volume of the  rock. .In nost  of the beds the  ca l c i t e  con- 

t e n t  i s  l e s s  than one per cent, but in a few it may be a s  high a s  30 

per cent. Sparry cement occurs a s  individual c rys t a l l i ne  patches 0.01 

t o  0.02 mm. long, many of which a re  surrounded by f ibrous gypsum, but 

~ i i t h  the  heaatite- 

stained grain. All the  c a l c i t e  patches a re  clear;  none contain in- 

Calci te  c rys t a l s  enlarged perhaps by precipi tat ion from ground 

water a re  most abundant in the  upper pa r t  of t h e  Pierce Canyon. section. 

They a r e  a l so  prevalent in the  gray-green beds where ground water has 

permeated a stratum dissolving henat i te  and precipi tat ing calci te .  A 

- few of these enriched zones contain mall ca lc i t e  rcoqaics in which the  

al orientat ion with 

adjacent c rys ta ls .  

Sand-crystal c a l c i t e  i s  present in a few local ized zones on the  

outcrops. These zones a re  completely cemented with a mosaic of patchy 

orientat ion over an 
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a r e a  of about 1 square centimeter and each c r y s t a l  encloses hundreds of 

sand grains .  L i t t l e  of t h e  boundary between t h e  l a r g e  c r y s t a l  zones i s  

s t r a i g h t ,  and in nos t  p laces  t h e  zones seem t o  grade o r  f e a the r  i n t o  

each other .  There i s  no d i f fe rence  in t h e  s i z e  of t he  ind iv idua l  c a l c i t  

c r y s t a l s  wi thin  t h e  l a r g e r  s a d - c r y s t a l s  and those in o the r  p a r t s  of 

t h e  rock. Smaller c a l c i t e  nosaics ,  s im i l a r  t o  sand-crystal c a l c i t e ,  

were observed in one core  sample only. None of t h e  sand-crystal zones 

contains  gypsum. 

Sand-crystal c a l c i t e  i s  ~ o s t  abundant in t h e  Dewey Lake outcrops 

on t h e  banks of Champion Creek near  Colorado City, Texas; it i s  l e s s  

abundant on t h e  higher outcrops such as 1-hroon Cliffs; a!d only one 

core sample of sand-crystal c a l c i t e  w a s  obtained. Sand c r y s t a l s  a r e  

possibly  t h e  r e s u l t  of r e c r y s t a l l i z a t i o n  t h a t  t ake s  place  in regions 

where ground o r  surface water d i s so lves  and r ep rec ip i t a t e s  t h e  c a l c i t e  

a t  about t h e  same slow r a t e  - rezzoving it f r o n  one p a r t  of t h e  c r y s t a l  

and p r e c i p i t a t i n g  it a t  another. Since rocks contaiqing sand-crystals 

have more c a l c i t e  than t h e  adjacent  rock, it i s  assmed t h a t  t h e  addi- 

t ion of c a l c i t e  i s  a necessary p r e r equ i s i t e  t o  i t s  formation. Hence, 

the added c a l c i t e  must have cone f r o n  a source outs ide  t h e  a r z3  enclosed 

by sand c ry s t a l s .  The reason f o r  t h e  concentration of c a l c i t e  i n t o  

c rys ta l s  of near ly  uniform s i z e  i s  no t  evident. 

The occurrence of c a l c i t e  i s  randorc in tho  lower p a r t  of t h e  

- Pierce Canyon redbeds, where it i s  much l e s s  abundant than gypsum. 
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There i s  a marked change, however, in the uppernost 100 f e e t  of sec- 

t i o n  a t  the U. S. Potash Coxpany nine shaft No. 3, SE$ Sec. 13, T. 20 

S., R. 30 E., Eddy County, New Xexico, where ca lc i te  i s  the predom- 

inant cement between the depths of 40 f e e t  (the upper contact) and 

UO feet .  T h i s  increase in ca lc i t e  corresponds t o  an abrupt increase 

in the sanidine content in t h i s  core, but the increase of nei ther  the 

ca lc i t e  cement nor the  sanidine tras detected in other s trat igraphic 

I 1 sect ions in the  vicini ty.  

Xnhsdrite.- Anhydrite cons t i tu tes  l e s s  than one per cent of 
! 

I 
t h i s  formation and i n  most places occurs only as traces. It occurs 

! most frequently a s  rectangular c rys t a l s  about 0.02 mm. long in nosaic 

i patches 0.05 mm. square, adjacent t o  o r  completely surrounded by 
I 

f i b r o u s  gypsum. The c l ea r  c rys t a l s  a re  in di rec t  contact with the 

h u t i t e - s t a i n e d  grains in a few places but none contain hematite. 
I 
I 

The anhydrite i s  considered t o  be a chemical precipitate.  

1 I 

1 Dolomite.- Dolomite occurs only a s  t races in a few of the sarcples. 

The crys ta ls  a re  typica l ly  0.02 t o  0.03 mrn. long; in most places they 

1 

Hematite.- The red color of t h i s  f o m t i o n  re su l t s  from a th in  

I 

I 

I 

I 

i 
J 



5 2 e r  cen t  of t h e  rock, was deposited a 3  a chercical (hydrosol) precipi -  

t a t e  t h a t  formed a t  o r  n e a r  t h e  s i t e  of deposi t ion p r i o r  t o  cementation 

of t h e  d e t r i t u s  by c a l c i t e  ar.d g p s ~ n .  The h e n a t i t e  s t a i n  i s  about t h e  

same th ickness  on all p a r t s  of t h e  g ra ins ,  including t h e  sharp corners. 

Even t h e  well-rounded and f r o s t e d  quar tz  and or thoclase  g r a i n s  have 

hematite-stained sur faces  hdicat i?g  t h a t  p r e c i p i t a t i o n  of hematite 

occurred a f t e r  t r anspor t .  The h e r a t i t e  s t a i n  i s  t h i c k e s t  i n  t h e  corners  

between two o r  more g r a i n s  where it a c c m u l a t e d  on t h e  g r e a t e r  surface  

! 
I a r e a  and t h i n n e s t  along t h e  ~ u t u a l  boundary between two touching grains .  

Th i s  type of hematite accumulation i s  described a s  post- 

depos i t iona l  bu t  e s s e n t i a l l y  peneconte~cporaneous with deposi t ion by 

Krynine (1950, p. 43) ;  this descr ip t ion  assunes  t h a t  t h e  source of t h e  

i r o n  l i e s  ou t s ide  t h e  bas in  of deposi t ion and t h a t  t h e  i r o n  was trans- 

ported t o  t h e  bas in  and p r e c i p i t a t e d  during o r  iromediately following t h e  
). 

deposi t ion of t h e  d e t r i t u s .  

F 
1 The predominant occurrence of quar tz  and or thoclase ,  t h e  abundance 

of magnetite-ilmenite, and t h e  o t h e r  accessory minerals s t rong ly  suggest 

t h a t  t h i s  i s  a f i r s t - c y c l e  sedbcent derived from a g r a n i t i c  source in an 

a r i d  cl imate.  A s  evidenced by the abundance of magnetite-ilmenite and 

probably p a r t  of t h e  abnormally high b i o t i t e  content, t h e  g r a n i t i c  source 

was r i c h  in iron-bearing minerals.  An igneous source t h a t  con ta ins  l a r g e  

amounts of magnetite-ilmenite and b i o t i t e  n o m a l l y  conta ins  o t h e r  iron- 

bearing minerals  such a s  hornblende and pyroxene, but  these  a r e  n o t  pres- . 
ent i n  t h e  P ie rce  Canyon reabeds. Hence, a l a r g e  p a r t  of t h e  i r o n  t h a t  
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now occurs a s  hematite probably originated fron the destruction of all 

the hornblende and pyroxene and pa r t  of the magnetite-ilmenite. As 

both hornblende and pyroxene a r e . ~ z s t a b l e  in orddizing environments, it 

i s  not unl ikely tha t  they should have been destroyed a t  o r  near the 

source. Nagnetito and ilmenite,  which a re  more s table  in an odd iz ing  

environment, survived the e r o s i ~ n  a d  transport. 

The i ron  was probably t rvlsported by water t o  the  s i t e  of deposi- 

t i on  i n  several forms, the nost  important of which was a s  a fe r r ic -  

oxide hydrosol. A much smaller v ~ o u n t  was probably transported in solu- 

t i on  a s  ferrous-bicarbonate. U t e r  reaching the  Pierce Canyon sea these 

materials  were slowly precipi tated over a period of several days (Noore 

and Jlaynard, 1929, p. 278) in the  gent ly agi tated sa l ine  trater which uas 

winnowing and d is t r ibut ing  the de t r i tus .  Then, a s  i s  character is t ic  of 

nearly all col loids and most chenical precipi tates ,  the i ron oldde was 

prec ip i ta ted  on the l a rges t  and most available surfaces, the grains. 

This process probably continued f o r  a short time a f t e r  burial.  The 

minor amounts of flocculated c lay  received more i ron proportionately 

than the s i l t  and sand grains a s  the r e su l t  of i t s  l a rge r  surface area. 
> 

The Pierce Canyon d e t r i t u s  was buried and compacr ed predominantly 

a s  r sd  sediment, although there may have been a few loca l  gray o r  green 

zones o r  beds resu l t ing  from l o c a l  reducing conditions caused by accumu- 

l a t i o n s  of organic n a t t e r  o r  bacter ia ,  but there i s  no d i r ec t  evidence 

of t h i s  in the  slides.  Many of the  reduced gray-green zones t h a t  a re  





Fig. 25. Thin sect ion No. 1 2  (X 1.5) of sub- 
spher ica l  reduct ion spot with dark 
c e n t r a l  sphere of authigenic b i o t i t e ,  
si.$ Sec. U, T. 22 S., R. 30 E., 
Eddy County, New M e c o .  



presen t  today, however, a r e  t he  r e s u l t  of post-deposit ional processes. 

Bioti te.-  Dark b r 0 b ~  b i o t i t e  occ-us  as an authigenic r a e r a l  i n  

t a few of t h e  spheroidal,  reductibn spots.  The f l a k e s  a r e  concentrated 

in a spheroidal  zone between t h e  c r y s t z l s  of f ib roas  gypsum cement near  

t h e  cen t e r  of t h e  reduced spot (Fig. 25). The dark-brown f l ake s  a r e  

extremely t h i n  and have a maximum l eng th  of about 0.05 mm. The o r i g in  

of t h i s  mineral  i s  discussed under t h e  paragraph heading "Gray-green 

reduct ion zonesM. 

B i o t i t e  does no t  o rd ina r i l y  form au th igen ica l ly  in sedimentary 

rock, although Curry a d  Curry (1954, p. 214l) have repor ted concentra- 

t i o n s  of authigenic  b i o t i t e  f r o a  t h e  Cretaceous Kuddy formation of 

Wyoming. The f i r s t  i d e n t i f i c a t i o n  of authigenic  b i o t i t e  in t h e  Pierce  

Canyon redbeds was made with t h e  petrographic microscope by Folk. 

E. J. Weiss, Department of Cerazic Xngineering, The University of Texas, 

confirmed Folk' s i d e n t u i c a t i o n  by X-ray. 

Post-Depositional Al te ra t ion  

t I n  t h e  preceding sec t ion  t h e  minerals were discussed separate ly  

for '  t h e  purpose of easy referecce.  In order  t o  s e t  f o r t h  a probable 

L : paragenetic o rder  here, it will be necessary t o  r e f e r  t o  the  sect ion on 

t~Mineralo&t f o r  d e t a i l s .  

The s e d i m e ~ t s  t h a t  now coffi~o'se-5 t he  P ie rce  Canyon f o m a t i o n  were 

deposited in a s a l i n e  env i roment  (p. 84) which i s  believed t o  have been 
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mildly oxidizing and s l i g h t l y  basic, s imilar  t o  nomal  marine water 

(~ames ,  1954, p. 240). Heoatite was the  f i r s t  chexical prec ip i ta te  t o  

form a t  t he  depositional s i t e  (p. 89) and probably accumulated on the  

gra ins  during and immediately a f t e r  deposition. In soae places the  

hematite has been dissolved along with the  magnetite-ilmenite. A few 

of these reduction zones may have fom.ed irrmediately a f t e r  o r  during 

deposition, others  a r e  the  r e s u l t  of vadose o r  groundwater leaching. 

Subsequent deposition buried the  loosely packed hematite-stained de t r i tus  

which was s t i l l  saturated with sea water. The i n t e r i o r  of the  sanidine 

grains  was then dissolved a f t e r  t he  prec ip i ta t ion  of t he  hematite (p. 74) 

and before t h e  prec ip i ta t ion  of t he  gypsuin and calci te .  There i s  no 

i the hollow sanidine gra ins  c0ntai .s  he.mtite and a few do contain ca l c i t e  

: in contact with the  hematite-stained grains,  and in a few it syrrounds 

patches of sparry ca lc i te .  In a few places sparry ca l c i t e  i s  i n  d i rec t  

contact with the  hematite-stained gra ins  (p. 8 5 ) ,  but c a l c i t e  has never 

been detected completely surrounding gypsun; t h i s  may indicate  t h a t  the 

." gypsum was prec ip i ta ted  before ca lc i te .  In one s e t  of core samples 

spar r j  ca lc i te .  ~ 0 t h  the  r e l a t i v e  order and r e l a t ive  abundance of eypsum and 



c a l c i t e  presumably d5pend on f luctuat ions in the composition of the 

water saturat ing the  sedinent, with gypsm indicating nore evaporitic 

conditions. Trzces of anhydrite have been detected (p. 87) in a few 

samples, i t s  l o c a l  and sporadic d is t r iba t ion  and i t s  association with 

the hematite-stained gra ins  suggests t h a t  it fomed a s  a chenical pre- 

c i p i t a t e  a t  about the  saae t i n e  a s  the gypsum. Traces of dolomite (p. 87 

have a l so  been detected i n  a few places. Every doloniite rhomb i s  SUP 

rounded by a sparry c a l c i t e  mosaic. Since consolidation the redbeds have 

been fractured and jointed (p. 20); some of these fractures  and jo in t s  

have been f i l l e d  with f ibrous gypsum. 

bray-green reauctlon zones.- mere  a r e  nunemus gray-green re- 

duction spots and zones in the  Pierce Canyon redjeds. They range in 

size from microscopic specks t o  en t i r e  beds an inch o r  two thick t h a t  

! ex&end f o r  more than a quarter  of a d e .  The gray-green color in 

similar beds has been a t t r ibu ted  by Xeller (1953, p. 5) t o  the ill 

5 content. 

The presence in g e n e r a  of more gray-green reduction zones c In the 

, 
outcrop than i n  the  suSsurface, shows t h a t  a t  l e z s t  pa r t  of t he  reduction 

i s  the r e s u l t  of surface leaching. There a re  nore gray-green reduction 

: zones in the  sandy beds than in the  clayey beds. Some of these reduction 

, zones a r e  the  r e s u l t  of groundwater leaching; other smaller, nearly 

spherical, reduction spots may have resulted fro= the ofidation of 

accumulations of organic matter. Nany of these reduced spots have 

loca l  

been 



94 

cut  and separated by gypsum veins (Fig. 7), indicat ing that t h s  heinatite 

was dissolved before veinitg.  1-lost of t h e  reduction spots and zones 

a r e  devoid of d e t r i t a l  magnetite-ilnenite, because these minerals have 

been dissolved along with the  hematite (p. 89).  

k few of t he  reduction spots  a r e  spheroidal and have sharply 

i defined, smoothly rounded borders and contain a dark cen t r a l  nucleus o r  

I 

i core ( ~ i g .  25). They typ ica l ly  range from 3 t o  10  rs. in diameter, al- 

though a few a r e  a s  l a r g e  a s  2.5 cm. in diameter. The following d e s c r i p  
I 

t i o n  i s  t h a t  of a t yp ica l  spheroidal, gray-green, reduction spot which 

contains a dark gray nucleus. 
I 

(1)  The center  of the spot (Fig. 25) consis ts  of typ ica l  Pierce 

Cvlyon d s t r i t u s  - quartz, f e l d s ~ a r ,  and mica cezented ~ i i t k  p d e  gray 

f ibrous gypslm?; t h i s  cent ra l  core shows on the i l l u s t r a t i o n  a s  a -aall, 

l i g h t  colored c i r c l e ,  ins ide  the  dark c i rc le .  (2) The next spherical 

~ 
I 

zone cons is t s  of the  same d e t r i t a l  minsrzls a d  gypsum cement a s  the 

I core, but it a l so  contains abundant dark-brown f lakes  of authigenic 

I b i o t i t e  about 0.05 nm. long, dissaninated between the f i b e r s  of the 

gypsum. All the  b i o t i t e  f lzkes  a r e  nea t ly  arrayged in a near perfect  

I sphere around the  core, p a r a l l e l  t o  the  gypsum crystals .  Most of the  
I 

feldspar grains  in this r ing  have corroded surfaces and show more 

I ~ internal  a l t e r a t i o n  along the  cleavage planes than i s  normal in the red 

part of t he  rock. In many places authigenic b i o t i t e  i s  disseminated in 

the corroded cleavage planes of the  feldspar.  The d e t r i t a l  b i o t i t e  in 

I 
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t h i s  r i ng  i s  fresh.  (3) The nex t  l a r g e r  sphere i s  j u s t  s l i g h t l y  darker 

than (4) t h e  gray-green ou t e r  p e r t  of t h e  reduced spot. All t h e  previ- 

ously  mentionsd d e t r i t a l  minerals a r e  present  here, in about t h e i r  same 

r e l a t i v e  abundance, and g y p s u ~  i s  t he  do.&ant c e ~ e n t .  The s l i g h t l y  

darker  co lor  of t h i s  zone (31, which does no t  show in Figure 25, i s  

caused by a l i t t l e  disseminated authigenic b i o t i t e  between t he  gypswn 

c ry s t a l s .  ( 5 )  The ou t e r  boundary of t h e  reduction spot i s  an abrupt 

co lo r  change from gray-green t o  red. 

The b i o t i t e  i s  known t o  be authigenic  because of i t s  (1) concentra- 

t i o n  in a s m a l l  sphere and (2) d i f f e r e n t  s i z e  and shape from that of t h e  

d e t r i t a l  b i o t i t e ,  and because (3) bedding planes pass  t h r o q h  t he  sphere 

of concentrated b i o t i t e ;  hence it could not be a coprol i te .  

Most of t h e  gray-green reduction spo ts  a r e  nzr!~edly def ic ien t  in 

i s  one o the r  di f ference be- 

tween t h e  d e t r i t a l  minerals in t h e  red and gray-green zones. Only a 

mal l  percentage of t h e  or thoclase  g ra ins  in t h i s  formation have o v e p  

growths; where present  they a r e  ex t rene ly  t h i n  and bare ly  cover t he  edges 

. and corners  of t h e  grains .  Witkin these  reduced spots,  however, t he r e  

are c h a r a c t e r i s t i c a l l y  a s ~ a l l  number of or thoclase  g r a in s  which have 

thick overgmwths. The thickness  of t h e  overgrowths in  many places  i s  

about ha l f  t he  width of t h e  d e t r i t a l  grains.  

Any attempt on t h e  p a r t  of t h e  w r i t e r  t o  explain t h e  o r ig in  of t he  

. authigenic b i o t i t e  would undoubtedly have many shortcomings. Any explana- 

tion concerning t h i s  type of c h d c a l  reduction must a l s o  explain: 1 )  
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t h e  spheroidal shape of t he  spots,  2) t he  abrupt color  change along the  

snoothly rounded border, 3) t h e  a l t e r a t i o n  of t he  fe ldspar  gra ins  in- 

s ide  t he  reduced zone, 4) t h e  abnomally l a rge  overgrowths on a few 

f e ld spa r  grains,  5) the  dissolving of hematite and the  mzgnetite- 

i lmeni te ,  and 6) t ho  p rec ip i t a t i on  of authigenic b io t i t e .  

The o r ig in  of t he  red color  in redbeds has been a p t l y  discussed 

by Von Houten (1948), Krynine (1937, 1949, and 1950), James (1954) and 

a hos t  of o thers  mentioned in the  reference l is ts  of these recent 

a r t i c l e s .  Krumbein and Garrells (19521, Zobell (19461 and o thers  have 

s tudied the  s t a b i l i t y  limits of i ron  oxides and provided addi t ional  

eduction in Recent sediments. 

None of these  inves t iga t ions  provide information which can be read i ly  

applied t o  t h e  reaovdl cf h m a t i t e ,  rragnetite-ilmenite, and the  fonna- 

t ion  of authigenic b i o t i t e  and authigenic feldspar.  Presumably the spot 

contained potassium- and s i l i ca - r ich  so lu t ions  which caused the  f e r r i c  

iron oxide (hanat i te ,  = p e t i t e ,  z t d  i lmenite) t o  be reduced a;ld then 

dissolved. A s m a l l  p a r t  of t h e  i ron  recombined with t he  potassium and 

s i l i c a  t o  form b io t i t e .  



Geological I n t e rp re t a t i on  of Pierce Canyon Redbeds 

! 

Modern methods of s ed inen t a r j  petrology show t h a t  a g rea t  acount 

of geological  i n f o m a t i o n  wfiich can he lp  t o  solve many s t ra t ig raphic  

1 
problems has been neglected in the  past .  Geology, l i k e  a l l  o ther  phy- 

s i c a l  sciences, will continue t o  progress a s  f a s t  as new parameters -- 

can be found t o  permit t h e  comparison of data. The fundamental approach 
I 

t o  comparative study depends almost exclusively upon observation and 
I 

I 
I 

measurements, hence t h e  t rend in sedimentary petrology today i s  toward ! 

more de ta i led  examination of t h e  physical  di f ferences  in minerals. I 

& n e r d  descr ip t ions  alone a r e  no t  s u f f i c i e n t  u n t i l  they have been com- 

pared t o  s i r d a r  s t ud i e s  and i n c o q o r a t e d  i l t o  a broad, overa l l  geological 

in te rpre ta t ion .  The s t ep  f r o 3  pure descr ip t ive  n a t t e r  t o  i t s  geological 

s ignif icance c a l l s  f o r  conclusions on t h e  pa r t  of t he  wr i t e r  and, in 

sedimentary petrology, c a l l s  f o r  anssiers t o  four  fundamental questions: 

1 )  khat was t he  source rock and where was it located? 2) How was the  

sediment transported? 3) What were t he  c l imat ic  conditions at  t h a t  

time and how d id  they inf luence t he  source rock and the  t ranspor ta t ion  

of t h e  sediment? and 4) What were t he  environmental conditions of the 

basin of deposit ion? The answers t o  these  questions depend t o  a l a rge  

extent on t h e  presence o r  absence of some physical character  of t he  

mineral assemblage. Therefore, before proposinz the conclusions it i s  

necessary t o  rev5,ew b r i e f l y  t h e  general  character  of t he  P ie rce  Canyon 
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Litho1o.v.- A t y p i c a l  svnple of t h e  P ie rce  Canyon redbeds i s  a 

moderate reddish b r o ~ m  ( 1 0 ~ 4 / 6 )  s l i g h t l y  sandy o r  s l i g h t l y  clayey silt- 

stone. S d  gray-green reduct ion zones o r  spots  a r e  common, but  a r e  

most abundant in t h e  coarse r  gra ined p a r t  of t h e  rock. The r a r e  sand 

g r a i n s  g r e a t e r  than 0.4 mrn. in d i a n e t e r  a r e  well  rounded and f ros ted ,  

but  t h e  r e s t  of t h e  d e t r i t u s  i s  subangular o r  subrounded. Ibiost of t h e  

t i o n s  l e s s  than one inch  th ick.  D a j c  gray o r  black heavy-mineral p lacers ,  

a g r a i n  o r  two th ick ,  p a r a l l e l  t h e  bedding. Dry sanples a r e  moderately 

wel l  indurated but  wet sanples  tend t o  disaggregate.  This mate r ia l  i s  

c lassed a s  a subxature t o  n z t u r e  aritose o r  subarkose (FoUc, 1954, p. 
- -- 

354) because of t h e  h i ~ h  quar tz  a d  fe ldspar  content a d  t h e  def ic iency 

i n  n e t a ~ o r p h i c  cons t i tuen t s .  The d c t r i t a l  r i n e r d s  a r e  ccnposed of 70 

t o  80 p e r  cent  p lu ton ic  (igneous) quar tz  with s t r a i g h t  ext inct ion.  

. Almost a l l  t h e  quar tz  conta&s a few l i q u i d  and gas - f i l l ed  vacuoles, 

and about 1 0  p e r  cen t  of t h e  quar tz  conta ins  inc lus ions  of pale  blue 

tourmaline and c o l o r l e s s  zircon. Approxioately 25 t o  30 p e r  cent  of 

c lase  wi th  l e s s e r  amounts of microcline,  sanidine, and plagioclase.  

The abnormally high b i o t i t e  content exceeds t h e  nuscovite content about 

two t o  one. Both t h e s e  micas a r e  rcore abundant than c h l o r i t e .  Sch i s t  

rock f r a p e n t s ,  c o n s t i t u t e  l e s s  than one per  cent  of t h e  d e t r i t u s .  
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Chert i s  r a r e  and occurs a s  w e l l  rour.ded, s l i gh t ly  elongate grains. The 

heavy-mineral p lacers  a r e  r i ch  in blaclc magnetite-ilmenite, d u l l  white 

leucoxene, pale  blue tourmaline, pink garnet, color less  zircon, and 

apa t i te .  Ruti le  and glauconite a r e  rare .  There i s  l i t t l e  o r  no magnetite- 

i lmenite  in the  gray-green reduced zones and spots. The predominant min- 

e r a l  cement i s  f ib rous  gypsum; sparry c a l c i t e  i s  a l so  present but i s  much 

l e s s  abundant, and hematite occurs a s  a coating on the grains. Gypsum 

veins both cut and p a r a l l e l  the bedding. 

Location & composition of source.- The uniforn dis t r ibut ion,  

monotonous urxifomity, and r e l a t i v e  abundance of the  quartz, feldspar,  

-- a d  accessory minerals in the  Pierce <=yon redbeds suggests that alnost  

all t ne  d e t r i t u s  was derived frcr, the s a e  sourco. The f a c t  that two roin- 

era ls ,  quartz and orthoclase,  cons t i tu te  n;ore than 90 per  cent of the 

de t r i t u s  ind ica tes  that these minerals were abundant a t  t he  source. This 

material  i s  predominantly a f i r s t -cyc le  s e h e n t ,  which was probably de- 

rived from an igneous source. Evideace of t h i s  g ran i t i c  source i s  shown 

by the persis tence and abundance of color less ,  platonic  (strain-free) 

quartz, and the  v i r t u a l  lack of any strained o r  conposite grains  wfiich 

might ind ica te  der ivat ion from sone other, perhaps metamorphic, source. 

Almost all the  quartz contains t he  same type and amount of vacuoles, 

some of which contain l iquid,  and microlites;  t h i s  predominance could 

not have been obtained i f  t he  d e t r i t u s  had been derived from a mixture of 

reworked older  sediments. The absence of milky o r  sloky vein quartz and 



t h e  low microcline content fur ther  suggest thzt  , the de t r i tu s  was de- 

rived f m s  a g ran i t i c  core o r  basexent rock and not fro= pa r t  of the 

outer  peripheral zone of ul igneous body where hydrothermal veins and 

pe,.;matites a re  more abundant. The f resh  and unaltered feldspar grains 

indicate tha t  there was l i t t l e  chemical a l te ra t ion  of the  feldspar at 

the  source and fu r the r  suggest a first-cycle sediment. Wost of the 

accessory minerals were a lso  derived from the same source. Pignetite- 

i lmenite and leucoxene, f o r  example, probably cane from the same source 

t .as did the quartz and orthoclase, because t h e i r  r e l a t ive  abundance i s  

about the same thro~ghout  the  fornation. Pale t ~ l u e  toumaline i s  anot 

k e x a ~ p l e  of an accessopj nir-eral with a unifoxu distr ibut ion tha t  suggests 

a s ingle mutual source. 

I n  most sediments t h a t  have been reworked from older  sedimentary 

rock one can expect t o  f ind  an assortment o r  nixture of mineral types: 
"* 

i.e., mixtures of quartz types; various types and stages of a l te ra t ion  

f' in the feldspar; and e r r a t i c  and possibly localized heterogeneous mix- 

tures  of accessory minerals such a s  chert,  tourmrline, zircon, garnet, 

ru t i l e ,  kyanite, hornblende, and nany others. For example Krynine (1950, 

.p .  24) reported many va r i e t i e s  of tou rnd ine  and 

Triassic sediments of Connecticut which indicate1 

other minerals from t i  

rl a multiple source. 

1 Swineford axid Frye (1951, p. 3U) reported a l l  stages of a l te ra t ion  in 

the feldspar,  in a l l  the samples from the Kansas loess deposits, which 

were indicat ive of reworked sedimentary material and probably multiple 



source-areas. In t h e  P ie rce  Cayon  rcdbeds, only a f e u  minerals l i k e  

sanidine  range in abundance f r o a  p l e n t i f u l  t o  scarce independently of 

t h e  p e r s i s t e n t  quar tz  and fe ldspar ;  these  few will be discussed a t  t h e  

c l o s e  of this sect ion.  Furthermore, t h e  uniform v l g u l a r i t y  and l ack  of 

rounded g r a i n s  in t h e  s i l t  s i z e s  f a v o r s  a primary source. 

I n  order  f o r  basement rocks t o  becone exposed over a l a r g e  region, 

t h e r e  must have been an u p l i f t  followed by a prolonged period of erosion. 

There was such an u p l i f t  ( ~ i n g ,  1942, p. 731) south of t h e  Delaware 

Basin where  re-Permian mountains and t h e  Idarathon folded b e l t  were 

p rogress ive ly  eroded during t h e  Pelnian period. King r e f e r r e d  t o  Wolf- 

c a p  and Leonard c l a s t i c  beds in t h e  Glass 1-Iomtains, which contain 

f ragnen ts  t h a t  can be m t c h e d  t d t h  rocks  from the  folded b e l t  t o  t h e  

south. I.!oreover rriddlc a r ~ d  u w e r  G u a d d n ~ e  beds ir. t h e  Ib!idlz?d Basin . 
contain  thin l a y e r s  of bentoni te  ~ 7 d  volcanic ash 1.1.5ch thicken south- 

ward, i n d i c a t i n g  a volcanic source t o  t h e  south. From this we can gather  

t h r e e  h p o r t u l t  f a c t s  which have t o  do with t h e  l o c a t i o n  of a poss ible  

source: 1) t h a t  t h e r e  probably was a s t r u c t u r a l  cornplex south of t h e  
i 
k Permian Basin, i n  nor thern Kexico; 2) t h a t  t h e r e  was volcanic a c t i v i t y  

I south of t h e  basin;  a d  3) t h a t  t h e  -xi.nd was frorn t h e  south, during at  

l e a s t  p a r t  of Permian time. 

The P ie rce  Canyon redbeds a r e  bel ieved t o  have been derived f r o m  

a g r a n i t i c  source in nor thern Mexico, south of t h e  Farathon folded be l t .  

The source was probably a g r u l i t i c  mass t h a t  was subjected t o  prolonged 



erosion. 

P lu ton ic  igneous rocks of Permian age have been reported from 

northern Mexico, 250 mi les  south of t h e  Delaware Basin, by Kellun et 
al. (19361, Kel ly  (1936), B S S ~  (1923), R. King (1934) and others. They - 
a l l  agree  t h a t  g r a n i t e  o r  g ranodior i t e  was in t ruded i n t o  Pexmian sedi- 

I mentary rocks t h a t  a r e  now over la in  by unmetamorphosed Cretaceous rocks. 

Ke l ly  (1936, p. 1021) has s t a t e d  t h a t  t h e  granodior i te  a t  Las Del ic ias  

and Coyote Ranch in northern Coahuila has caused "ex~morphisn'~ of t h e  

P e m i a n  rocks.  whereas t h e  Cretaceous rocks which over l i e  t he  imeous  

body a r e  separa t  g r i t t y  mat e r i a l w  a r e  

- 
not  met 

morphosed. He suggested 1021) t h a t  t h e  i n t ru s ion  followed sho r t l y  

a f t e r  f o ld ing  a s  p a r t  of an orogeny h t h e  l a t e  Paleozoic. Ke l l ume t  

al .  (1936, Table 1 )  have l i s t e d  t h e  P e d z n  igneous rocks a t  Las Del ic ias  - 
as l a v a s  and fine-grained gran i te .  They have s t a t e d  t h a t  hornblende 

I g ran i t e ,  quar tz  porphyry, and fine-grained d i o r i t e  a r e  unconfomably 

over la in  by Cretaceous rocks. They have a l s o  s t a t e d  t h a t  t he  porphyry 

complex probably represen ts  t h e  marginal phase of a g r an i t e  bathol i th .  

A. F. Buddington i d e n t i f i e d  t h e  igneous rock a t  Coyote Ranch f o r  Kellun 

e t  al. (1936, p. 1020) and from t h i n  sect ions ,  described it as a b i o t i t e ,  -- 
hornblende granodior i t e  composed of andesine, quartz, orthoclase,  horn- 

blende, and b i o t i t e ,  ~ 5 t h  mzgneti te and a p a t i t e  as accessory minerals. 

Whether t he se  rocks antedate  t h e  deposi t ion of t h e  Pierce  Canyon redbeds, 

o r  vice-versa, i s  hardly  a question t h a t  can be s e t t l e d  u n t i l  more ex- 

tensive work has  been done in northern Ikxico. 

Pre-Cretaceous arkose has  been described ( M a y ,  19&, p. 1 U )  from 

the subsurface of nor thern Coahuila. Kellum e t  al. (1936, p. 978-979) 
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and R. King (1934, p. 103-104) have a l so  mentioned post-Permian arkose 

south of Cuatro Ciengas, 70 miles northeast  of Las Delicias. A t  l e a s t  

t h e  upper p a r t  of t h i s  arkose i s  thought (Kellum, e t  al., 1936, P. 978) 

t o  be of Jurassic  age. Probably the  arkose i s  younger than the  Pierce 

Canyon redbeds, but it may have been derived from the  same source area. 

By Pierce Canyon time the  source was probably denuded t o  low, 

barren h i l l s  of f resh  granite.  A s  erosion continued, the  de t r i t u s  was 

swept northward by the  southerly kinds (p. 101). Northwest4ipping 

crossbeds i n  t he  Pierce Canyon fomat ion  show t h a t  the water currents, 

probably windariven,  transpo-rted t h e  mater ial  northhard within the 

basin of deposition. The p r e v m g  wind of t h r s  region would have been 

f r o 3  sea t o  northern shore much a s  it i s  today along the  present Gulf 

of l:exico. 

Less than 2 per  cent of the  Pierce C w o n  d e t r i t u s  was derived 

from eruptive o r  extruded volcanic rocks. T h i s  source i s  proven by the 

sanidine and supported, in par t ,  by the abnoxndlly high a p a t i t e  and bio- 

t i t e  content and the t r aces  of volcanic quartz. The volcanic source was 

probably nearer the  s i t e  of deposition than the grani t ic  source because 

these chemically unstable volcanic minerals have undergone l i t t l e  d t e r a -  

t i on  o r  abrasion. The sanidine especial ly  suggests a nearby t rachyte o r  

daci te  source o r  contr ibut ions from ash f a l l s .  All t h i s  mater ial  was 

probably derived from a source south of t he  basin of deposition. 

Metamorphic rocks contributed about 2 per  cent of t h i s  de t r i tus ,  and 

sedimentary rocks l e s s  than one per  cent that i s  surely ident i f iable .  The 



metamorphic contributions include s t rained coizposite quartz and sch is t  

and phy l l i t e  fragnents. Sedimentary contributioxs include a t r ace  of 

chert  from outside the  basin and reworked sparry ca l c i t e  f roa  ins ide  

the  basin of deposition. Older arkosic  sediments nay have contributed 

mater ia l  t o  the  Pierce Canyon d e t r i t u s  but these contributions were 

probably smal l  a s  evidenced by the homogeneity of the composition, a s  

previously discussed. 

Climate.- Climatic conditions a t  the s i t e  of deposition were prob- 

ably warm, a r id ,  and windy. Evidence of the warm climate i s  the great  

thic.hcss and bride d i s t r i bu t ion  of szlt, gypsu~, snhydrite, a d  other  

evaporites of the mdzrlyir.g dustier fornation a s  well a s  the gypsum and . 
c a l c i t e  cenent of the  Pierce Canyon rcdbeds. 

Aridi ty  a t  the source i s  evidenced by the lack of chcnical a l tera-  

t i on  of t he  l e s s  s tab le  n ine ra l s  plagioclase, microcline, and orthoclase. 

Nearly all t h e  orthoclase, regardless of size,  i s  b r i l l i a n t l y  fresh. 

Less than 5 per cent of the orthoclase shows a l t e r a t ion  2nd most of t h i s  

i s  the  r e s u l t  of i l l i t i z a t i o n  along cleavage planes. Bubbly a l t e r a t ion  

( ~ o l k ,  1955, p. 356-357) i s  even l e s s  comon and there i s  no indication 

of kaolinization. The other  fe ldspars  a r e  equally fresh,  evcn the la rge  

(0.5 mm.) rounded and f ros ted  grains. I f  there had been even moderate 

rainfall and a l i t t l e  vegetation, p a r t  of the feldspars  would show some 

sign of decay (Krynine, 1950, p. 20). Hence, the  freshness and abundance 

of the fe ldspars  and the  lot1 c lay  content, a s  previously described, were 
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probably brought about by an a r id  o r  se.xiarid cl inate .  This i s  confirmed 

b7 grain size, surface fea tures  of l a rge  sand grzins, axd gypsum cment. 

I n  an a r i d  o r  semiarid c lQzte  che.nical weathering of crystdl l ine 

rocks i s  accoaplished mostly by hydrolysis. Hydrolysis loosens the 

c r y s t a l s  a t  o r  near t h s  surface leaving t h m  susceptible t o  transport. 

Trans0ort.- 140st of the de t r i t u s  t h a t  was weathered from the 

g ran i t i c  source was tramported t o  the  basin of deposition by the wind. 

A l e s s e r  portion was carr ied by water. Eolian transportation is  evi- 

denced by the uniforn grain-size d is t r ibut ion  throughout the  Pierce 

Canyon section over more than 15,000 square miles in west Texas and 

southeastern flew FIexLco. I f  it were not f o r  i t s  i n t r i c a t e  crossbedding 

and crosslaminations, i.e. had t h i s  mater ial  not been deposited under 

water, t h i s  s i l t s tone  might well be a loes s  deposit, because l i k e  loess,  

these gra ins  have a small range in s i ze  around a median of 4.s (0.035 

mrn.). Almost all t i e  mater ial  i s  coarse-silt ,  indicat ing t h a t  the trans- 

portat ion agents were competent t o  nove n a t e r i a l  of t h i s  median grain- 

size. A t  times the competency of the  wind was grea%er than t h a t  necessary 

t o  trarlsport silt,  times when f ine ,  medium, and even a l i t t l e  coarse sxxd 

were transported; but these periods occurred rare ly  because l e s s  than 10 

per cent of the  d e t r i t u s  i s  of sand size. The SELL w.ount of medium 

and coarse sand i s  well rounded and has f ros ted  surfaces a s  the r e su l t  

of the  grea ter  impact, and lack of protec5ive water film, t h a t  a r e  

character is t ic  of wind abrasion. Most of the  de t r i t u s  i s  fine-skewed. 
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Fine-skewness here,  M i c a t s  t h a t  when t h e  wind was conpetent t o  s o r t  

and move coarse s i l t ,  it wzs a l s o  competent t o  t ranspor t  a l i t t l e  f i n e r  

All t h e  d e t r i t u s  could no t  have been t rznsported by t he  wind alone. 

These sediments a r e  coated with h e ~ a t i t e ,  which i s  a l s o  believed t o  have 

been derived from a g r a n i t i c  source i d t h  a normal i r on  content. The 

abundance of magnetite-ilmenite, and probably p a r t  of t h e  b i o t i t e ,  sug- 

g e s t s  the  presence of o the r  iron-bearing rcinerals l i k e  pyroxene and 

hornblende a t  t h e  source, but  pyroxene and hornblende a r e  lacking in the  

t h i n  sec t ions  and heavy-mineral s l ides .  Chemical decomposition of un- 

s t a b l e  minerals l i k e  pyroxene and hornblende was probably induced by an 

oxidiz ing environment and a small amount of water which l a t e r  flowed 

i n t o  t h e  basin. 

Judged from t h e  ex ten t  of pre-Pierce Canyon deposits ,  t h e  r e l i e f  

of t h e  region must have been low; hence, it does not  seem out  of place 

t o  conclude t h a t  t h e  streams which ca r r i ed  t h e  dissolved and suspended 

ma te r i a l  were probably broad and s h d o w ,  with possibly braided and silt- 

choked channels . 
~ n d r o n r n e n t  of deposition.- The P ie rce  Canyon sediments were de- 

posited in a broad, shallow, almost landlocked a m  of t h e  sea which 

covered a t  l e a s t  t h e  eas te rn  p a r t  of t h e  Delaware Basin (Pl. 3). The 

a s t e rn  Eddy County, 

New Mexico, and eastward ac ross  t h e  Centra l  Basin Platform i n t o  the  south 
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t h e  marginal land t o  t h e  north and eas t  probably sloped gent ly  upward 

dolomite and anhydrite, i t  i s  probzble t h a t  the  basin h-as not completely 

i s o l a t e d  from the  sea a t  t h e  b e g b ~ i n g  of Pierce Canyon time. 

The contact between t h e  highest Rustler evaporites and the  over- 

ha l f  of t h e  Midland Basin. 

The basin of deposition k,=s &ost f l a t  by t he  end of Rust ler  time; 

from the  shallow sa l i ne  sea. S m a l l  changes in sea l e v e l  probably re- 

su l ted  in the  submergence o r  ercergence of t h i s  vast  region around the  

I 
-- 

basin. A s  t he  y o u g e s t  Rustler deposi ts  in the  basin a r e  gypsifemus 

I - 

no evidence of l i t h o l o g i c  gradation. Hence, t he  oldest  Pierce Canyon 

I 

I 

have d i lu t ed  the  highly s a l i ne  Rust ler  sea, and caused a minor trans- 

I 

- 
and may have been t h e  i nd i r ec t  causo of t h e  prevailing south wind which 

I 

I 

I 

I 
I 

I 

i 
I 

I l y i n g  Pierce Canyon s i l t s t o n e  i s  an abrupt l i t ho log ic  change; there  i s  

d e t r i t u s  could not have accumulated a t  t he  sane place in t h e  basin while 

t h e  youngest Rust ler  beds were being precipi ta ted.  The contact between 

t h e  two formations i s  possibly a disconfonnity o r  diastem, a hiatus  when 

v i r t u a l  cessation of chemical p rec ip i ta t ion  may have been caused by an 

i n f lux  of sea water from t h e  south. The addi t ion of sea water would 

gression t o  t he  north. Such an i n f lux  of water could have resul ted from 

a s l i ~ h t  subsidence of t he  r e ~ i o n  between the  basin and the  oDen sea. 

t ransported Pierce Canyon d e t r i t u s  northward a s  the shore l i n e  moved ' 

northward in t h i s  embayment. Inasmuch a s  most of the Rust ler  formation 

is 'composed of chemical rocks and not s i l t  o r  other  windblown de t r i tus ,  
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some change of t h i s  s o r t  was necessary before the Pierce Canyon de t r i t u s  

began t o  accunulate. Hence, a s  a h ~ r k i n g  hypothesis, we can assume tha t  

a s  t he  plutonic igneous rocks in northern 1-lexico became exposed t o  

erosion, part of the s i l t  was s t r e ~ t  out over the shallow sea while more 

of the  material  was being blown across the  f l a t ,  marginal lznds south of 

the  basin. Wind-driven waves and gent le  uniform currents  sorted the  sil t  

and deposited it in broad, crosslaminated sheets a s  the de t r i t u s  slowly 

f i l l e d  the  basin. The volume of water was slowly reduced again by evap- 

ora t ion  ju s t  a s  it had been reduced a t  i r regular  in te rva ls  a l l  throilgh 

Rust ler  time, and a s  the basin f i l l e d  with sediment, the  water was 

forced back t o  the  southeast and i n t o  the  open sea. As the  rssult of 

desiccation the mineral concentration of the water increased, but i t s  

r a t e  of concentration was never rapid enough t o  exceed the i n f l ~ x  of 

sediment and no beds of gypsum, anhydrite, limestone, o r  s a l t  were 

formed. The s a l i n i t y  was high enough, however, t o  cause the flocculation 

and precipi tat ion of the  iron-ordde hydrosol on the  suriaces of the  grains, 

and t o  cause prec ip i ta t ion  of gypsum and ca l c i t e  a f t e r  burial .  

The sa l ine  environment of the Pierce Canyon sea and the land ad- 

joining it was probably not well sui ted t o  the  preservation of organic 

remains. Only two f o s s i l s  were found by the writer,  ne i ther  of which were; 

complete enough t o  permit ident if icat ion.  No other  f o s s i l s  have been re- 

ported from this formation. 



CONPARISON WITH OTHER PER.LIAN AND TRIASSIC FORMATIONS 

Redbeds in Rustler Fornation 

The evaporites of the Rustler formation a re  interbedded with red 

sar.dy claystone which i s  s imilar  rxineralogically t o  the Pierce Canyon 

redbeds. In most places the  primary fabr ic  of the claystone has been 

destroyed during Cenozoic slumping but the  d e t r i t a l  minerals have under- 

gone l i t t l e  o r  no change. 

The de t r i tu s  of the  Rustler redbeds consists  of 60 t o  95 per cent 

clay-size material and 5 t o  40 per cent silt and sand. The silt-and- 

sand f rac t ion  ranks a s  a subarkose o r  orthoquartzite (Folk, 1954, p. 

354). Quartz const i tutes  about 90 per  cent of the s i l t  and sand in the 

Rustler redbeds. About 10 per  cent of the  quartz i s  probably of plutonic 

igneous origin because it occurs a s  single crystals  with s traight  ex- 

t inc t ion  and has a few vacuoles in t ra in .  Approximately 5 per cent of 

these grains contain microl i tes  of tounndline, zircon and r u t i l e  needles. 

The mean grain-size of the  plutonic qcartz i s  about 0.05 mm. Nearly all 

of the  sand s ize  quartz i s  moderately rounded; grains l a rge r  than 0.4 

am. a r e  typica l ly  well-rounded and frosted a s  the r e su l t  of abrasion. 

The size,  opt ica l  character, and inclusions of the plutonic quartz grains 

in the Rustler redbeds matches the  plutonic quartz grains in the  Pierce 

Canyon redbeds. Approxbately 90 per cent of the quartz consists of re- 

worked euhedral, dipyr&dal c rys t a l s  about 0.22 nm. long (Fig. 26). 

UO 



F i g .  26. T h i n  aection ho. 30 ( X  450) with n i c o l s  
crwssed: Reworked, eunedrsl, dipyramidal, 
quartz grains in the  Hustler redbeds of 
-Ad? County, N e w  Hexico. Notice the 
large void (black) spaces, and the shaps 
of tne hamatito-stained clay and vacuoles. 



Fig. 26. Thin section No. 30 (X 450) with nicols  
crossed: Reworked, euhedral, dipyramidal, 
quartz grains in the Rustler redbeda of 
Eddy County, New Wexico. Notice the 
la rge  void (black) spaces, and the shape 
of t h e  hematite-stained clay and vacuoles. 



The crys ta ls  1 a r e  typic- colorle  few contain pale 

U 

red 

cloudy inclusions of hematite-stained clay; they a lso  contain a few 

randomly dispersed colorless  vacuoles. The surfaces of these c rys ta ls  

have an adamantine l u s t e r  a d  the  comers and edges a re  sharp. None of 

the  quartz c rys t a l s  shows abrasion. I f  they had been transported far 

they should be abraded. Because the plutonic quartz grains do not  

have overgrowths of s i l i c a  and because they are  concentrated with the  

I .sand-size de t r i tus .  these c r ~ s t a l s  probably formed authinenical ls  i n  

the  v i c i n i t y  

t o  this s i t e  

- 
and were reworked and 

of deposition without 

transported o 

undergoing ab 

- - 
ver the  clayey bo 

rasion . 
ttom 

I Orthoclase cons t i tu tes  about 5 per  cent of the  silt and sand 

as subrounded grains with moderate sphericity; i t s  median grain s ize  

i s  0.04 t o  0.05 mm. About 99 per  cent of the orthoclase has been 

s l i g h t l y  decc >mposed by i l l i t i z a t i o n  ation along the 

cleavage planes; only about one per  cent i s  completely fresh. These 

gra ins  a re  more a l t e red  than the  orthoclase i n  the  Pierce Canyon red- 

I beds and have probably been remrked within the basin of deposition. 

i n e  makes up l e s s  than one per  cent of the de t r i t u s  

I and has the  same physical charac ter i s t ics  as the orthoclase. 

Plagioclase o 

0.01 mm. 

- - 

ccurs only as t r aces  a~ ~d has a mean grain-size of abc 

Muscovite and b io t i t e ,  comon in these redbeds, occur most fre-  

quently a s  f r e sh  elongate f lakes  about 0.04 mm. long. Muscovite i s  more 
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abundant than b i o t i t e  and together the3  f o m  a b w t  one per  cent of the 

de t r i t u s .  

i s  in the  Pierce Canyon redbeds. The pa r t i c l e s  have a mean grain-size 

mm. i n  diarreter. De t r i t a l  sparry c a l c i t e  i s  r a r e  in sediments because 

of i t s  i n s t a b i l i t y  during transport;  i t s  presence here indicates  t ha t  

it was reworked contemporaneously from carbonate deposits in the  v ic in i t  

Fibrous gypsun i s  a l s o  a r a r e  d e t r i t a l  constituent in these red- 

beds. In  most places it occurs only as t r aces  of well  rounded grains  

I about 0.07 mm. long. Like t h e  sparry ca lc i te ,  d e t r i t a l  gypsum i s  un- 
! 

s t ab l e  during t ransport ,  hence it was probably derived along with t h e  

c a l c i t e  from a nearby source under t he  influence of an a r i d  o r  semiarid 

The only heavy minerals in the  red claystone of t he  Rustler fonna- 

t i o n  a r e  ah occasional rounded zircon o r  tourmaline. 

llost of these redbeds a r e  cemented and veined with colorless,  

f ibrous gypsum. Sparry c a l c i t e  cement i s  much l e s s  abundant than gypsum 

and together they make up less than 5 pe r  cent of the  rock. The ca l c i t e  

occurs a s  small. c l e a r  c rys t a l s  about 0.003 m. long and i s  most abundant 

in t he  silt-and-sand-size de t r i tus .  Gypsum and c a l c i t e  a l so  occur as 

pseudomorphs a f t e r  ha l i t e .  
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sandy beds of limestone, which a r e  not d i r e c t l y  associated with redbeds. 

The limestone contains 30 t o  40 per  cent s i l t  and f i n e  sand and 60 t o  

70 per  cent sparry ca l c i t e .  The d e t r i t a l  mineral assenblage cons is t s  

of 80 t o  90 per  cent co lor less ,  plutonic  igneous quartz, 2 t o  4 per 

cent  orthoclase,  one per  cent microcline, t r aces  of plagioclase,  and 2 

pe r  cent muscovite arid b i o t i t e ,  a d  is, with t he  exception of a few un- 

s t ab l e  minerals l i k e  c a l c i t e  and gypsu, ahost i den t i ca l  with the 

mineral assemblage of t he  redbeds. 

The silt-and-sand-size d e t r i t u s  i s  the  same in both t he  redbeds 

and t h e  limestone; with t h e  exception of t h e  authigenic quartz, it 

originated in an igneous source, although it may have been reworked 

many times in t h e  basin of deposition before it was deposited as pa r t  

of t h e  Rust ler  formation. 

Comparison with Yates Sandstone 

Mineralogical d i f fe rences  show t h a t  the  rounded and f ros ted  sand 

gra ins  of the Pierce Canyon redbeds and the Yates sandstone were prob- 

ably from d i f f e r en t  sources. 

P rac t i ca l l y  all d e t r i t a l  quartz, whether it i s  of igneous, meta- 

morphic, o r  sedimentary or ig in ,  has about t h e  same spec i f ic  g rav i ty  and 

durab i l i t y  during t ransportat ion.  Approximately 50 t o  60 per  cent of 

the  Yates sandstone i s  d e t r i t a l  qzartz; of t h i s ,  about 80 per  cent i s  

co lor less  with s t r a igh t  ext inct ion and i s  believed t o  be of plutonic 
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igneous origin, Kost of t he  grabs contain a moderate amount of vac- 

uoles, pa r t  of which a r e  f i l l e d  irith l iquid. Rutile needles a re  the 

, most abundant microl i tes  and occur in about 10 per  cent of t he  quartz 

grains,  Tourmaline micro l i tes  a r e  rare,  About 15  per cent of the 

quartz grains consist  of Isultiple (2 t o  4)  crys ta ls  with sweep- ex- 

t inc t ion;  almost all a r e  devoid of microlites.  About 5 per  cent of the 

quartz grains a re  grossly composite s imilar  t o  Figure 23. These grains 

a r e  made up of a mosaic of smaller c rys ta ls  which have pa ra l l e l  elonga- 

t i o n  and sweeping (undulose) extinctiono If the quartz grains from the  

Yates sandstone had been reworked and deposited with the  Pierce Canyon 

sediments, a considerable amount of the w r t z  in the  Pierce Canyon 

d e t r i t u s  would be composite with undulose extinction. Only a very few 

g ra ins ,o f  t h i s  type a r e  present in the  Pierce Canyon redbeds, These 

quartz types cannot be d i f fe rent ia ted  with the  binocular microscope. 

Both quartz and chert  have about t he  same specif ic  gravi ty and 

durabi l i ty;  hence i f  the quartz was reworked from the Yates sandstone 

ed with it. The Yates sandstone con- 

t a i n s  5 t o  7 per cent chert  whereas only t races  of chert occur in the 

Approximately 20 per  cent of the  Yates sandstone i s  made up of 

feldspar  grains (orthoclase, microcline, and plagioclase); p r a c t i c d y  

a l l  of it has been a t  l e a s t  pa r t ly  decomposed. Almost all the feldspar  

b r i l l i a n t l y  fresh; it could not have 



been derived fron the  d t e r e d  feldspar  of the Yates sandstone. 

Judged from the  differences in quartz types, chert content, and - 

degree of a l t e r a t ion  of the feldspars  a s  jus t  described, the  Yates sand- 

stone probably did not contribute any significant '  mater ial  t o  the  Pierce 

Canyon redbeds. 

Upper Triassic  Redbeds 

same source as the  Pierce Canyon redbeds i s  evidenced by the difference 

i n  t h e i r  d e t r i t a l  minerals. Moreover; differences suggest t ha t  the climate 

was more humid during Upper Triassic  than in Pierce Canyon time. These - - -  

differences a r e  conspicuous in th in  section; hence they provide a pract ical  

means f o r  d i f fe rent ia t ing  the Upper Triassic  redbeds from the Pierce Canyon 

redbeds o r  older  Permian rocks. 

Santa Rosa sandstone.- The Santa Rosa sandstone i s  a feldspathic -- 
subgraywacke (Folk, 1954, p. 354) consisting of 50 t o  70 per  cent quartz. 

1 About 10  per  cent of the quartz i s  com~osi te  ( ~ i g .  27) with strongly 

undulose extinction; it was probably derived from a metamorphic source. 
2 
i About 5 per  cent of the quartz i s  milky o r  white because it contains 

abundant vacuoles some of which a r e  f i Y e d  with l i qu id ;  it probably was 

derived from pegmatites o r  veins. Colorless, plutonic igneous quartz , 

gra ins  containing a moderate amount of vacuoles, abundant r u t i l e  needles, 

and sparse tourmaline and zircon microl i tes ,  [cake up the  other  85 per 



Fit; .  2?. Thin  s e c t i o n  No. 28 ( X  120) w i t h  nicols 
c r o s s s d :  r ~ . ? t a m o r o h i c  quartz p ra in ,  
grossi:; c m r o s i t r !  with s t r c n g  lu?duicse 
e x t i x t i o n ,  from the  5aqta  &sa san i -  

s t one  of Eddy County, New Mexico. 



Fig. 27. Thin sec t ion  No. 28 (X 120) with n i c o l s  
crossed: metamorphic quartz gra in ,  
g r o s s l y  composi$e with s t rong undulose 
ex t inc t ion ,  fro.71 t h e  Santa Rosa sand- 
s tone of Eddy County, New Mexico. 
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cent .  Co.monly t h e  rneta?lo,-phic-quartz g ra ins  a r e  m a l l e r  than t he  

plutonic-igneous and vein-quartz grains ,  suggesting der ivat ion from 

d i f f e r e n t  sources. Almost all t h e  quartz of sand s i z e  was severely 

abraded during prolonged t ranspor ta t ion ,  as indicated by t he  moderate- 

to-well-rounded shapes and f ro s t ed  surfaces  of t h e  grains.  

Approximately 10  per  cent  of t h e  d e t r i t u s  i s  orthoclase,  50 per  

cen t  of which i s  co lo r l e s s  and f resh .  The r e s t  of the  or thoclase  shows 

var ious  s tages  of bubbly a l t e r a t i o n  ( ~ o l k ,  1955, p. 356-357) and s l i g h t  

t o  i n t ense  s e r i c i t i z a t i o n .  Microcline, which cons t i t u t e s  about 2 per  

cen t  of t h e  d e t r i t u s ,  has t h e  same degree of a l t e r a t i o n  as t h e  ortho- 

c lase .  The microcline g r a in s  a r e  s l i g h t l y  l a r g e r  than the  orthoclase 

g ra ins ;  t he  microcline may have been derived from pegmatites o r  from a 

more coarse ly  c r y s t a l l i n e  p a r t  of t h e  g ran i te .  About one per cent of 

t h e  d e t r i t u s  i s  p lag ioc lase  which occurs only as small gra ins  appro-n- 

mately half  t he  s i z e  of t h e  o r thoc lase  grains .  Almost a l l  the  plagio- 

c l a s e  i s  a l t e r e d  by s e r i c i t i z a t i o n .  Green (1954, p. U9, U3) has re- 

ported t h a t  most of t h e  f e ld spa r  in the  Santa Rosa i s  a l t e r e d  o r  

weathered. 

Chert i s  a comon cons t i tuen t  in the  Sv l t a  Rosa sandstone and 

makes up from 5 t o  25 per  cent  of t h e  de t r i t u s .  The g r a in s  a r e  t y p i c a l l  

we l l  rounded and elongate because of abrasion; they were probably de- 

r ived  from o lder  sedimentary rocks. A s  t h e r s  i s  only a meager amount of 

che r t  i n . t h e  P ie rce  Cvlyon redbeds, t h e  cher t  in t h e  Santa Rosa sand- 

. s tone  must have been derived from sone o ther  sedimentary source. 

. -  . . -. ..- 



liuscovite, b i o t i t e ,  ahd c h l o r i t e  a r e  all abmdant  i n  t h e  Santa 

Rosa sandstone, bu t  a l t o g e t h e r  t h e y  c o n s t i t u t e  only about one p e r  cent 

of t h e  d e t r i t u s .  The mica i s  most abundant in t h e  s i l t y  beds, wherein 

t h e  major i ty  of t h e  f l a k e s  a r e  o r ien ted  p a r a l l e l  t o  t h e  bedding planes. 

Th i s  type  of g r a i n  o r i e n t a t i o n  suggests deposi t ion i n  water by g e n t l e  

currents .  Muscovite and b i o t i t e  a r e  equa l ly  abundant in t h e  Santa Rosa 

sandstone, whereas i n  t h e  P ie rce  Canyon redbeds t h e  b i o t i t e  content ex- 

ceeds t h a t  of t h e  muscovite about two t o  one. Kost of t h e  Santa Rosa 

mica i s  f r e s h ,  but many of : t h e  f l a k e s  have been rounded by abrasion. 

Approximately 1 0  p e r  cent  of t h e  d e t r i t u s  c o n s i s t s  of metamorphic- 

rock fragments, which include metaquar tz i t e s  and r r h e r a l  aggregates with 

s c h i s t o s e  o r  s l a t y  s t ruc tu re .  I n  c o s t  of t h e  rock fragments t h e  minerals  

a r e  elongate and subparal le l .  These fragments were probably derived from 

t h e  same metamorphic source as t h e  composite (metamorphic) quartz;  to- 

g e t h e r  t h e y  show t h a t  a t  l e a s t  1 0  t o  1 5  p e r  cent,  and poss ib ly  much more, 

of t h e  sediment was der ived from a source r i c h  in metamorphic material .  

Magnetite-ilmenite i s  t h e  most abundant heavy mineral  in t h e  red, 

hematite-stained p a r t  of t h e  Santa Rosa sandstone. Light-gray o r  gray- 

green beds a r e  p r a c t i c a l l y  devoid of mape t i t e - i lmeni te ,  because it was 

dissolved during t h e  leaching.  Almost all t h e  g r a i n s  a r e  we l l  rounded 

and f r e s h ,  al though a few have been p a r t l y  a l t e r e d  t o  a red iron-oxide, 

probably hematite,  when leaching i s  n o t  complete. Leucoxene i s  abundant 

and occurs as s l i g h t l y  elongate,  rounded g r a i n s  presumably a s  an a l t e r a t i o n  



product of ilmenite. Zircon and tourmalir.e a re  also common. Garnet 

and r u t i l e  a re  the  l e a s t  abundant of a l l  the  heavy minerals. Sidwell 

(1945, p. 50-54) has reported essent ia l ly  the sane heavy mineral 

assemblage in the  Santa Rosa sandstone from northeastern New Hexico 

and the Texas Panhandle. 

In  most places the  Santa Rosa sandstone i s  cemented with sparry 

ca l c i t e .  In a few places the  c a l c i t e  cement was precipi tated a f t e r  the  

henat i te  had been leached. Aut.'ligenic quartz i s  a l so  common but i s  much 

l e s s  abundant than ca lc i te .  I n  most places the s i l i c a  was precipitated 
I 

as thin, color less  overgrowths on %he quartz grains. The overgrowths 

a r e  separated from the d e t r i t a l  grains by bubbles and f lakes  of henat i te  

which define t h e  old abraded surface. I~losaics of interlocking quartz 

c rys t a l s  have resul ted from tne  merger of overgrowths wherever the  s i l i c a  

was more abundant. No quartz overgrowths were detected in the  Pierce 

Canyon redbeds. 

The chief mheralogic differences between the Santa Rosa sandstone 

and the  Pierce Canyon redbeds t h a t  may be observed i n  prac t ica l ly  any 

sample containing s i l t  and sand-sized material are: 

1 )  The Santa Rosa sandstone contains 10 t o  15 per  cent metamorphic- 

rock fragments and metamorphic (composite) quartz; whereas the  Pierce Canyon 

contains l e s s  than 2 per cent. 

2) White o r  milky vein-quartz const i tutes  about 5 per cent of the  

Santa Rosa de t r i tus ;  this type of quartz occurs only a s  t race  in the 



I Pierce  Canyon redbeds. 

I 3) The Santa Rosa svldstone contains 5 t o  25 per  cent chert. 

I The Pierce Canyon redbeds contain only t r ace  of chert. 

I 4 )  The feldspar  content of the Santa Rosa sandstone inakes up 

about 10  per  cent of the de t r i t u s ,  whereas it typica l ly  ranges from 25 

t o  30 p s r  cent i n  the  Pierce Cmyon reabeds. 

5) P rac t i ca l ly  all the  feldspar  i n  the  Pierce Canyon redbeds i s  

f r e s h  (unaltered);  about half  of t h e  feldspar  in the  Santa Rosa sandstone 

shows a r coder ate amount of a l te ra t ion .  

6 )  Almost a l l  t he  Pierce Canyon redbeds contain a t  l e a s t  a smal l  

amount of sanidine; no sanidine has been detected in the  Santa Rosa sand- 

stone. 

7) Quartz gra ins  with overgrowths of authigenic s i l i c a  a r e  common 

in t h e  Santa Rosa sandstone in contrast  t o  t he  quartz gra ins  in the Pierce 

Canyon redbeds which do not have overgrowths. 

8) The Pierce Canyon redbeds a r e  predominantly cemented with 

gypsum with l e s s e r  amounts of c a l c i t e  and r a re ly  anhydrite. The pre- 

dominant mineral cement i n  t h e  Santa Rosa sandstone i s  ca l c i t e  with l e s s e r  

amounts of quartz. 

These mineralogic differences show t h a t  the Pierce Canyon and Santa 

h s a  sediments were derived from di f fe ren t  sources. Adams (1929, p. 1050) 

has suggested t h a t  the  Santa Rosa sandstone, l i k e  the  other  sediments i n  

t h e  Dockum group, were probably derived f ron  older sediments. This 



a n a l y s i s  suggests  t h a t  about a t h i r d  of t h e  d e t r i t u s  was r e h ~ r k e d  from 

o l d e r  sediments, a t h i r d  has derived f r o n  a rcetaxorphic source because 

of t h e  high percentage of metavorphic cons t i tuen t s ,  and a t h i r d  was de- 

r ived  from p lu ton ic  rocks. The a l t e r a t i o n  of t h e  f e l d s p a r  in t h e  Santa 

Rosa sandstone suggests a moderately humid climate;  Adams (1929, p. 

1050) a l s o  reached t h i s  conclusion a f t e r  studying t h e  sedbxentary 

s t r u c t u r e s ,  pebbleg and mineral ized wood a t  t h e  outcrol) and Green (1954) 

has  pos tu la ted  humid and s e a i a r i d  condi t ions  a f t e r  studying t h e  petrog- 

raphy and paleontology of t h e  Dockum Group. 

Chinle shale.- No a t t e q t  was made t o  conduct a complete mineral  -- 
s tudy of t h e  Chinle formation. Nevertheless,  f r o n  t h e  few samples avai l -  

a b l e  it i s  evident  t h a t  t h e  Chinle sha le  and t h e  S m t a  Rosa sandstone 

have much in common. The Chinle s h a l e  ranks a s  a fe ldspa th ic  subgray- 

wacke ( ~ o l k ,  1954, p. 354) in southeastern  flew blexico. It conta ins  

about 80 t o  85 per  cen t  quar tz  of which a l l  but  about 5 p e r  cent  i s  of 

p lu ton ic  o r ig in .  About 2 p e r  cent  of t h e  plutonic-quartz g ra ins  contain 

r u t i l e  need les  o r  more r a r e l y  s d  tounr.alins o r  zircon ndcro l i t e s .  

Vacuoles, some of which a r e  l i q u i d  f i l l e d ,  a r e  randorJy arranged in 

most of t h e  gra ins .  About 5 p e r  cen t  o f  t h e  quar tz  i s  composite with 

s t r o n g l y  undulose e x t i n c t i o n  and i s  bel ieved t o  be of metanorphic or igin .  

Almost all t h e  quar tz  g r a i n s  have t h i c k  s i l i c a  overgrowths and in some 

p l a c e s  t h e  g r a i n s  and cenent form a s o l i d  mosaic of in te r lock ing  c rys ta l s .  

Feldspar  makes up about 5 p e r  cent  of t h e  d e t r i t u s .  Orthoclase i s  f a r  
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more abundant than e i the r  plagioclase o r  ,zicrocline, Less than 5 per 

cent of the  feldspar  i s  fresh; the remining 95 per  cent i s  moderately 

owing t o  a humid climate 

a t  the source. Thus, the feldspar  in the C . W e  shale shows even more 

a l t e ra t ion  than the feldspar  in the Santa Rosa f o m t i o n .  Chert i s  l e s s  

abundant here than in the  Sar,ta Eiosa sandstone and mkes  up only about 

5 per  cent of t he  de t r i tus ,  possibly in pa r t  because of the grain-size 

difference in the  tkm formations. 1-Ietanorphic-rock fragments composed 

of s t rained composite quartz, clay, and mica, const i tute  10 t o  15  per  

cent of the material and in t h i s  respect indicate  t h a t  the Chinle shale, 

l i k e  the  Santa Rosa sandstone, received sediments from a source r ich  in 

metamorphic material. Sidwell (1945, p. 53) has s ta ted  t h a t  the  same 

heavy minerals a r e  present in both the  Santa Rosa sandstone and the 

C h h l e  shale. He has suggested (p. 54) t h a t  both of these formations 

a re  s imilar  l i t ho log ica l ly  t o  the  other  Upper Triassic  sediments and 

may have been derived from the  Pre-Ca~brian outcrops t o  the northwest. 

The s imi l a r i ty  between the  a l t e red  feldspar, chert content, and meta- 

morphic const i tuents  in t h e  Santa Rosa and Chinle formations shows tha t  

t h e i r  sources were l i t ho log ica l ly  similar. Together they indicate  tha t  

in contrast  with the  Pierce Canyon redbeds the Upper Triassic  sediments 

were derived from an en t i r e ly  d i f fe rent  source containing metamorphic 

mater ia l s  and sedimentary rocks and t h a t  t he  climate of the Upper Triassic  

source area was probably more humid during Upper Triassic  time than the 



cl imate  of t h e  P ie rce  Cayon source area.  

Dewey M e  Redbeds of I f i d l a d  Basin 

I n  order  t o  study t h e  l i t ho logy  of t he  Dewey Lake redbeds f o r  

conparative purposes, t h i n  sec t ions  were prepared from cable-tool cu t t ings  

of t h e  subsurface type  sec t ion  in R. R. Pcnn's Habenstreit  No. 1 (dry 

hole) in Glasscock County, Texas. Surface samples were a l s o  obtained 

from a thin-bedded red-and-hlfiite gypsif emus  s i l t  stone t h a t  crops out  

beneath t h e  Santa Rosa sandstone along Champion Creek, 4.2 miles south 

o f  Colorado Ci ty  (0.8 mi les  south-southeast o f  Seven Wells School and 

1.1 miles  west of Texas S t a t e  Highway 208) in ICitchell County, Texas 

( ~ e F o r d ,  1941, p; 56). iLpp ro rAte ly  50 f e e t  of red s i l t s t o z e  i s  ex- 

posed along Champion Creek from t h e  s i ng l e  span wooden bridge wastward. 

DeFord has s t a t ed  t h a t  t h e  l i t ho logy  of t he  red s i l t s t o n e  which under- 

l i e s  t h e  Santa Rosa sandstone a t  this outcrop i s  i d e n t i c a l  with t h a t  

of the  Dewey Lake redbeds. 

Detai led petrograp.*c ana ly s i s  o f  these  sanples shows t h a t  t he  

red s i l t s t o n e  a t  t h e  Dewey Lake type sec t ion  and t he  red s i l t s t o n e  a t  

t h e  Champion Creek outcrop a r e  e s s e n t i a l l y  i d e n t i c a l  in t ex tu r e  and 

mineral  composition. Because they  occupy t he  same s t r a t i g r aph i c  pos i t ion  

beneath t h e  Santa Rosa sandstone they a r e  believed t o  be p a r t  of t he  

Dewey Lzke formation. Furthermore, t h e  texture and composition of t h e  

Dewey Lake redbeds a r e  e s s e n t i a l l y  i d e n t i c a l  t o  t he  P ie rce  Canyon redbeds 
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of the Delahare Basin. Both the Dewey Lake redbeds and the red silt- 

stone along Chanpion Creek contain hollow sanidine grains which a re  

charac ter i s t ic  of the  Pierce Canyon redbeds. The Tecovas formation i s  

not present a t  the outcrop on Champion Creek although Page and kdams 

(191;0, p. 63)  have described a light-colored zone, referred t o  a s  

"Tecovas", f roa  the subsurface. This light-colored zone may be the 

upper leached pa r t  of the Pierce Canyon redbeds similar t o  the 50-foot 

leached zone beneath the Cretzceous rocks described f r o s  Red Point, 

Q ~ a r t e n a s t e r  Tecovas shalzs of Pa10 Duro Cayon.- In order 

t o  Jus t i fy  the use of the  name tlTecovastl in t h i s  work t h e  wri ter  sampled 

the  Tecovas formation in Palo Duro Canyon (now Palo Duro Canyon Sta te  

park), 13 miles east  of Canyon in Randall County, Texas. Gould (1907, 

p. 26) described and named the Tecovas fornation from outcrops d o n g  

Tecovas Creek but mentioned tha t  good exposures a re  t o  be found all 

along the  Canadian River and in Palo Duro Canyon. 

The lowest beds exposed in the canyon are  the red shale and s i l t -  

stone of the Permian Quartermaster formation. Above the Quartermaster 

shale, separated from it by an unconformity, i s  a pebble-conglomerate 

t h a t  grades upward i n t o  sand and multicolored shale t h a t  a re  pa r t s  of the ' 

Tecovas formation (Upper Triassic) .  The contact between the  Quartermaster 

and Tecovas shales i s  very conspicuous along the west w a l l  of the  canyon 

where the more r e s i s t an t  conglomerate forns a nearly ve r t i ca l  c l i f f  6 t o  



1 5  f e e t  high above t h e  u n i f o d y  s loping shales  of t h e  Quartermaster. 

The Tecovas formation i s  about 200 f e e t  th ick  (Gould, 1907, p. 23) a t  

Pa lo  Duro Canyon and i s  over la in  by t h e  red sandstofie and shale of t h e  

T r u j i l l o  formation, bel ieved by Sidwel l  (1945, p. SO), Green (1954, p. 

118),  and o t h e r s  t o  be t h e  s t r a t i g r a p h i c  equivalent of t h e  Santa Rosa 

sandstone f a r t h e r  south. 

Petrographic a n a l y s i s  of t h e  rocks a t  Palo Duro Cawon shows t h a t  

t h e  Quartermaster s h a l e  i s  l i t h o l o g i c a l l y  s i m i l a r  t o  t h e  P ie rce  Canyon 

redbeds of t h e  Delaware Basin and t o  t h e  Dewey Lake redbeds of t h e  Mid- 

l a n d  Basin. The Quartermaster sha le  i s  conposed of about 80 per  cent 

s i l t  and very f i n e  sand, 1 0  p e r  cen t  clay,  and 1 0  p e r  cen t  gypsum and 

I hemat i te  cement. The d e t r i t u s  c o n s i s t s  of 70 t o  75 ~ e r  cent  ~ l u t o n i c  . -  . 
quar tz  with tourmaline, zircon,  and occasional ly  a p a t i t e  mic ro l i t e s ,  

I and a moderate aniount o f  vacuoles some of which a r e  f i l l e d  with liquid. 

Feldspar ,  c h i e f l y  or thoclase ,  makes up about 20 per  cen t  of t h e  d e t r i t u s ;  

microcline,  p lagioclase ,  and sanidine  a r e  a l s o  present  and a l t o g e t h e r  

make up about 2 p e r  cen t  of t h e  d e t r i t u s .  Ahnost all t h e  f e l d s p a r  i s  

f r e s h  o r  only  s l i g h t l y  a l t e r e d  suggesting t h a t  t h i s  m t e r i a l ,  l i k e  t h e  

P i e r c e  Canyon redbeds, was derived from an igneous source a s  a first- 

cyc le  sediment. The f reshness  of t h e  f e l d s p a r  a l s o  suggests an a r i d  o r  

semiarid cl imate.  Sanidine i s  e s p e c i a l l y  s i g n i f i c a n t  here  because t h e  

g r a i n s  a r e  hollow j u s t  a s  t h e y  a r e  in t h e  Pierce  Canyon formation t o  t h e  

south. The ho les  in t h e  sanidine a r e  t h e  r e s u l t  of s e l e c t i v e  i n t e r n a l  



docoxposition in zoned c r y s t a l s  o r ig ina l ly  derived f ron  a volcanic 

source. Of t he  Upper Pemdan and Upper Tr iass ic  s e d h e n t s  investigated 

than t h e  Pierce Canyon and Dewey Lake redbeds, t h a t  contains hollow 

sanidine grains.  Only t r a c e s  of cher t  were detected. Muscovite and 

b i o t i t e  cons t i tu te  l e s s  than one per  cent of the  de t r i tus ;  both m h e r a l s  

a r e  equally abundant. Chlor i te  occurs only a s  t races .  

The heavy minerals of t he  Quartermaster shale include fresh, 

black magnetite-ilmenite, tourmaline, zircon, and t r aces  of apa t i t e  and 

garnet.  Hematite-stained c lay  b a l l s  containi?g aggregates of mica are 

t h e  only d e t r i t a l  rock fragments. 

About 10  pe r  cent of the  Quartelmaster shale i s  mine rd  cement. 

Fibrous gypsurn makes up 85 t o  90 per  cent  of the  cenent and occurs here 

a s  colorless c r y s t a l s  a d  a s  ~ i c r o s c o p i c  vek.s. Sparry c a l c i t e  and 

heiriatite cons t i t u t e  the  remaining 10 t o  15 per  cent. 

The mineralogic s imi l a r i t y  between the  Quartermaster and Pierce 

Canyon fonnations -- spec i f i ca l l y  t he  preponderance of plutonic quartz, 

t he  f reshness  of t he  feldspar ,  t h e  presence of hollow sanidine, the 

v i r t u a l  absence of metamorphic cons t i tuen ts  and the  low cher t  content - 
st rongly suggests t h a t  these  two formations were derived from the  same 

o r  s imi la r  sources, under the  influence of ar. a r i d  o r  semiarid c l i na t e  

and deposited in a s imi la r  enviroment  r i c h  in calcium sulphate. Whether 

o r  no t  t h e  two formations a r e  s t r a t i g r aph ica l ly  equivalent r e r a in s  an 
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Samples of the  Tecovas shale from the  outcrop a t  Palo Duro 

f a r t h e r  south. The predominant gra in  s i ze  of the  Tecovas shale ranges 

from s i l t  t o  f i n e  sand although the  e,utremes range from pebbles in the 

basal  conglomerate t o  clay in other  beds. About 80 per  cent of the 

d e t r i t u s  i s  quartz, 90 t o  95 per  cent of which i s  plutonic; the other 

5 t o  10  per  cent i s  metamorphic. O r t h e l a s e  and t r aces  of microcline 

cons t i t u t e  about 10  t o  1 5  per  cent of t h e  de t r i tus .  About 30 per  cent 

of t he  fe ldspar  i s  fresh,  1 5  per  cent i s  intensely al tered,  a d  the re- 

mining 55 per  cent ranges fram s l i g h t l y  t o   moderate?^ al tered.  Chert 

i s  l e s s  abundant here than in the  S a t a  Rosa sandstone and &.es up only 

about 2 per  cent of the  de t r i t u s .  About 5 per  cent of the grains  a re  

metamorphic-rock fragments composed of metamorphic qcartz and ser ic i te .  

Sidwell (1945, p. 52) has described the heavy mineral content of the 

Tecovas fonrat ion from t h i s  loca l i ty ;  h i s  findings agree essent ia l ly  

with those of the wr i t e r  t h a t  magnetite-ilmenite, tournaline, zircon, 

garnet and r u t i l e  a r e  all present. 

Throughout the  foregoing descr ipt ive matter an e f fo r t  was made t o  

del ineate  the l i t ho log ic  differences between uppennost Permian and Upper 

' Triass ic  rocks a t  th ree  widely spaced l o c a l i t i e s .  The fundamental 
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differences i n  the  minerals of the  fornations a re  suf f ic ien t  t o  dis- 

t inguish between the  Pierce Canyon redjeds and the  Santa Rosa sandstone 

in t h e  Delaware Basin, between the  Dewey Lake redbeds and the  Santa 

Rosa sandstone in the  Midland Basin, and between the  Quartermaster and 

Tecovas shales of Palo Duro Canyon i n  the  north end of the Texas Pan- 

handle. The eight  mineralogic differences described on page 120 as a 

p rac t i ca l  means of d i f fe rent ia t ing  t h e  Pierce Canyon redbeds from the  

Santa Rosa sandstone a re  applicable t o  a l l  the Upper Permian and 

Upper Tr iass ic  formations described under *Petrology" in this report. 

They show t h a t  t he  Upper Pennian sediments were composed of minerals 

derived from an ihneous source. deposited i n  su l~hate- r ich  water under - . 
t h e  influence of an a r i d  o r  semiarid climate. They a l so  show t h a t  the  

Upper Tr iass ic  sediments contained a s ignif icant  amount of minerals 

derived from reworked sedimentary rocks and meta~orphic rocks under 

the  influence of a moderately humid climate in the  source area and were 

deposited i n  carbonate- and s i l ica- r ich  water. 

These eight  mineralogic differences prove t h a t  the  Pierce Canyon 

redbeds a re  more nearly l i k e  the  Rust ler  f o n a t i o n  below than l i k e  the  

I Santa Rosa o r  Tecovas formations above. 

The Permian-Triassic boundary i s  a time horizon. Its position 

in the  Permian Basin w i l l  depend on i t s  position in a type loca l i ty ,  

a matter t h a t  i s  not  ye t  en t i r e ly  set t led.  I ts ident i f ica t ion  in the  - 
Permian Basin will then depend on correlation, which i s  subject t o  error. 
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Meanwhile the ten ta t ive  assignment of the Pierce Canyon redbeds t o  the 

Permian re l a t e s  them t o  g e n e t i c d y  s i n i l a r  underlying formations and 

separates them from genetical ly d i s s i n i l a r  overlying strata. 



I D. N. Miller, Jr., 1955 

I I b : D 3 X  TO THLU SSCTIO?IS 

Strat igraphic Petrography Collection, Department of 
The University of Texas 

5)  Vert ical  section, ca lc i t ized  zone of Dewey M e  redbed 
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Geology 

1 )  Sand-crystal c a l c i t e  in Pierce Canyon f l o a t  boulder, 30 f t .  below 

Santa iiosa contact, NE: Sec. 5, T. 21 S., R. 30 E., Maroon Cliffs ,  

Eddy County, New Mexico. 

2) Anhydrite from the Rustler formation, shaft sample 365-373 f t .  U. 

S. Potash Co., shaft  No. 3, N E ~  SEi Sec. 13, T. 20 S., Re 3.0 E., 

Eddy County, New Mexico. 

3) Same l o c a l i t y  a s  t h i n  section 2, depth 357-358 f t .  

4) Vert ical  section, base of Pierce Canyon redbeds, 1 inch above 

Rustler contact, depth 357 ft., U. S- Potash Coo shaft No- 3, (same 

l o c a l i t y  a s  t h i n  section 2). 

s f ron  CI 

bed, 200 f t .  west of s ingle span bridge on Champion Creek, 4.2 miles 

south of Colorado City, I t i tchel l  County, Texas. 

6) Horizontal section, same l o c a l i t y  a s  th in  section 5. 

7) Pierce Canyon sample, 30 f t .  below Santa Rosa contact, NE& S E ~  Sec. 

5, T. 21 S., Re 30 E., Maroon Cl i f f s ,  Eddy County, New Mexico. 

8) Reduced zone in Pierce Canyon redbeds, sampled 7 f t .  below th in  

sect ion 7. 

9 )  (a) Ocoti l lo  redbeds, from base of road-cut (U. S. Hwy. 285) 4.5 

miles north of Carlsbad c i t y  l imi t s ,  SJi S J ~  Sec. 22, T. 21 S., 

Re 26 E., Ocoti l lo  H i l l s ,  Eddy County, New Mexico. 



9) (b) Gjrpsum vein, F ie rce  Canyon redbeds, 103 yards north of mad, 

~i!i S > J ~  Sec. 14, T. 22 S., 3. 39 E., Livingstone Ridge, Eddy 

County, New Pie.xico. 

10) Reduced zone with black nucieus, Pierce Cayon redbeds, Livhg-  

s tone Ridge, same. local i ty  as t h in  section 95. (&b) 

U) (a)  a ~ d  (b) same l o c d i t y  a s  t h in  sect ion 9b. 

12) Same l o c a l i t y  as t h b  -sect ion 9b. 

13) Same l o c a l i t y  as t h i n  sect ion 9b. 

14) Ver t ica l  section, ca l c i t i z ed  Pierce Cznyon redbeds f ron  the  gypsum 

vein zone, Livingstone Ridge, sane l o c a l i t y  as th in  section 9b. 

15) Ver t ica l  section, r i pp l e  marks, Pierce Canyon redbeds, from Red 

Point ,  35 f t .  above va l ley  f l oo r ,  hriJi Sec. 20, B lk .  59, T. 7, 

T&P RR Co. SWJ., Culberson County, Texas. 

16) Ver t ica l  section, S a t a  ilosa sandstone f ron  Earstow Quarry, 4 ft. 

above base of quarry, Barstow, Ward County, Texas. 

17) Samples 17 t o  21 across  Rust ler  - cal ickc - Gatu5a bomdary f m n  

Southwest Potash Cornpny p i l o t  hole No. 6 A ,  S S ~  S E ~  Sec. 9, T. 19 

S., R. 30 E., Eddy County, New I.:edco. Sample 17  f ron  a - 2 1 6  f t .  

18) Same l o c a l i t y  a s  th in- . sec t ion  17, depth 216-218 ft. 

19) Same l o c a l i t y  a s  thin sect ion 17, depth 213-221 f t .  

20) Same l o c a l i t y  a s  t h in -  .section 17, depth 221-228 f t .  from love r  pa r t  

of t h i s  in te rva l .  

21) Same l o c a l i t y  a s  t h i n  sect ion 17, depth 221-228 f t .  from upper pa r t  

of t h i s  in te rva l .  
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22) Vert ical  section, leached zone 51 Pierce Cvlyon redbeds, 2 f t .  be- 

low Santa Rosa contact F>!: SE: Sec. 5, T. 21 S., R. 30 E., tlaroon 

Cl i f f s ,  Eddy County, New Mexico. 

23) Vert ical  section, Pierce Canyon-Saqta Rosa contact (gray coarse 

grained zone i s  Santa h s a )  ATE; A!: Sec. 5, T. 21 S., R.' 30 E., 

Maroon C l i f f s ,  Eddy County, New l4exico. 

24) Horizontal section, basa l  Santa Rosa, 1 inch above pierce' Canyon 

contact,  Maroon C l i f f s ,  same l o c a l i t y  a s  thir,..section 23. 

25) Ver t ica l  section, same a s  thh- -sec t ion  24. 

26) Vert ical  section, Santa Rosa sandstone, 1 ft. above Pierce Canyon 

c o ~ t a c t ,  same l o c a l i t y  a s  thin--section 24. 

27) Pierce Canyon o r  Santa Rosa f ron  t h e  contact zone, east  s ide of 

s ing le  span bridge on Chanpion Creek, 4.2 miles south of Colorado 

City, Flitchell County, Texas. 

28) Vert ical  section, Santa Rosa conglomerate, a t  bridge, sama l o c a l i t y  

a s  t h i n  .section 27. 

29) Horizontal section, base of blockg sandstone and about 130 f t .  be- 

low Santa Rosa contact in Pierce Canyon redbeds, S E ~  S E ~  Sac. 5, 

T. 21 S., R. 30 E., tlaroon C l i f f s ,  Eddy County, New Kexico. 

30) Vert ical  section, r e d c l a y  from the  Rust ler  formation, depth 205- 

206 f t . ,  shaf t  sanple, U. S. Potash Co. & a f t  No. 1, NWi S E ~  Sec. 

12, T. 21 S., R. 29 E., Eddy County, New Mexico. 

31) Vert ical  section, Pierce Canyon redbeds in weathered zone, 2 f t .  



below Cretaceous conglomerate a t  Red Poi r~ t ,  Culberson County, 

I I Texas - same l o c a l i t y  a s  t h in  -section 15. 

32) Ver t ica l  section, "Borachott (cretaceous) conglomerate f l o a t  a t  Red 

Point ,  same loca t ion  as th in  -section 15. 

33) (a )  Ver t ica l  section, Pierce Canyon redbzds, random sample, Sec. 

, 26, B l k .  53, PSL Culberson C~un ty ,  Texas, (see University of 

Texas h1.A. t he s i s .  W. L. H a l l .  1952. f o r  exact location).  

33) (b) Sane loca t ion  and rock type as thin-section 33a. 

34) Same loca t ion  and rock t n e  a s  thin sect ion 33a. 

35) Ver t ica l  section, random sample, "Chir.an Cretaceous f l o a t  boulder, 

( s ee  University of Texas &.A. t h e s i s  by W. L. Hall, 1952). 

36) Ver t ica l  section, ttScre*eantt lower p a r t  of Rust ler  formation 

Sec. 16, 1000 f t .  southeast of 'tJillbanks Ranch, Culberson County, 

Texas, (see University of Texas M.A. thes i s ,  W. W. Stein,  1952). 

37) Sams a s  t h i n  sect ion 36. 

38) Ver t ica l  section, Santa Rosa outcrop, NZi Sec. 12, B l k .  51, T&P 

RR Co., 30 miles south of Pecos, T e x a s ,  (see University of Texas 

M.A. t he s i s ,  Dincel, 1952). 

39) Ver t ica l  section, P ie rce  Canyon redbeds, EE: Blk. 91, PSL, Culbe* 

son County, Texas, ( see  University of Teras M.A. thes i s ,  Seely. 

40) Ver t ica l  section, Yates sandstone, 1 f t .  below Tans i l l  contact,  

N E ~  NI& Sec. 16, T. 22 S., F.. 26 E., Eddy County, New Mexico. 



W )  Samples WL54 are fro3 a complete core, U. S. Potash Conpany 

shaft No. 3 (pilot hole) NZ; S Z ~  Sec. 13, T. 20 S., R. 30 E., 

Eddy County, New Nexico. Sm.ple W is froffi 26-28; ft. 

42) Vertical section, 31- 36 ft. 

43) Vertical section, 57- 62 ft. 

44) Vertical section, 97-102 ft. 

45) Vertical section, 117-122 ft. 

46) Vertical section, 137-142 ft. 

47) Vertical section, 167-168 ft. 

48) Vertical section, 212-217 ft. 

49) Vertical section, 242-247 ft. 

50) Vertical section, 272-277 ft. 

51) Vertical section, 312-317 ft. 

52) Vertical section, 332-337 ft. 

53) Horizontal section, 262-267 ft. 

54) Vertical section, 252-257 ft. 

55) Tecovas formation, 15 ft. below Trajillo contact at north end of 

Palo Duro Canyon, Randall County, Texas. 

56) Tecovas formation, 30 ft. below TrujiILo contact at north end of 

Palo Duro Canyon, Randall County, Texas. 

57) Tecovas fomation, 10 ft. above Quartermaster contact at north end 

of Palo Duro Canyon, Randall County, Texas. 

58) Quartermaster fomation, 6 ft. below Tecovas contact at north end 



of PiLo Duro Cayon,  i?anddL Comty, Te:.;rs. 

Quartermaster fornatior, ,  f t .  belo:.: cont a c t  north 

end of PiLo Duro Canyon, .9z".aall Co.;?ty, T ~ z s .  

60) P ie rce  Canyon redbeds, 2 f t .  below Cretsceous contact  st Red Point,  

Culberson County, Te:cas. (Saxe l oca t i on  a s  thir, . sect ion 15). 

61) Cut t ing of P ie rce  Cmyon redjeds  f r o 3  t h e  t y ~ e . l o c i L i t y ,  P ina l  

Dome O i l  Co. No. 1 Keans, dry hole, S E ~  Sec. 23, Blk. C-26, PSL, 

Loving County, Teras; depth 240 ft. 

62) Sane a s  t h i n  . sect ion 61; depth 540 f t .  

63) Sample of P ie rce  Canyon redbeds f r o 3  P i n a l  Doze Oil Co. No. 1 Fee 

(Near t he  t ~ e  . l o c d i t y )  Sec. 15, BLL. C-26, PSS, Loving County, 

Texas; depth 295-310 f t .  

64) Cut t ing from type sect ion of t h e  Dewey Lake redbeds from t h e  Pem 

e t  a l .  No. 1 Habenstreit ,  dry  hole, Glasscock County, Teams; depth -- 
1225 f t .  

65) Sane a s  t h i n  sec t ion  64. 

66) GatGa  ( ~ e n o z o i c )  sandstone f ro=  Lea Gouty, Xew Ii~.uico f r o 3  cuttFng 

in Potash Cornpany of h e r i c a  No. 1k8 t e s t  hole, s!L,$ st/; Sec. 2, T. . --. 

22 S., R. 33 E.; depth 510-540 f t .  

Same a s  t h i n  -sect ion 66; dept f t .  

68) P ie rce  Canyon claystone from U. S. Potash Company No. 3 shaf t  (same 

l oca t i on  a s  t h i n  , sect ion 2) Eddy County, New Kexico; depth 26-26; f t .  

69) Same as t h i r .  sec t ion  68; depth 57-62 f t .  

70) Same a s  t h h  -sect ion 68; depth 92-97 f t .  



I I 71) Same as t h i n  sec t ion  68; depth 182-187 f t .  

72) Same as t h i n  sect ion 68; depth 207-212 f t .  

73) Santa Rosa s i l t s t o n e ,  from biaroon Cliffs, N E ~  SS& Sec. 5, T. 21 S., 

R. 30 E., Eddy County, New l+Iexico. 

74) Rust ler  s i l t y  clay,  from sha f t  sanple, U. S. Potash Company shaf t  

No. 1, depth 420-427 ft., S$ Sec. 12, T. 29 S., R. 2 1  E., Eddy 

County, New Mexico. 



OUTCROPS OF PIERCE CANYON REDBEDS 

Maroon Cliffs :  23 miles northeast of Carlsbad, Secs. 5, 6, -- 
9 ,  u, u, 15, 16, T. 21 S., R. '30 E., Eddy County, New Mexico. 

The uppermost 210 f e e t  of Pierce Canyon section i s  exposed a t  

t h i s  l o c a l i t y  from the  bottom of Nash Draw (a l luv im)  t o  the upper d contact with the  Santa Rosa sandstone (NE; S E ~  Sec. 5, T. 21 S., R. 

30 E.). Throughout Maroon C l i f f s  t he  Pierce Canyon fonnation i s  a 

reddish brown, gypsifemus and calcareous s i l t s t o n e  with pa ra l l e l  

bedding planes. The unconformable contact with the  Santa Rosa is  

a t  the  base of a l-foot gray (leached), clay zone containing reworked 

pebbles from the Pierce Canyon redbeds. The Santa Rosa can be read- 

i l y  i den t i f i ed  by i t s  sandy tex ture  and c a l c i t e  cement. Approximately 

80 f e e t  of Santa Rosa sandstone over l ies  the  Pierce Canyon redbeds 

in Secs. 5 and 6, T. 21 S., R. 30 E. 

Livingstone Ridge: 7 miles southeast of Maroon Cl i f f s ,  Secs. 

U, l.4, 15, 22, T. 22 S., R. 30 E., Eddy County, New Mexico. 

About 30 t o  40 f e e t  of Pierce Canyon section are exposed along 

t h e  dissected escarpment shohn on topographic sheet Nash Draw Quad- 

rangle (1943 ed. U. S. Geol. ~urv.). Neither the  upper nor lower 

contact i s  exposed a t  t h i s  loca l i ty .  Gypsum f i l l e d  jo in t s  cut  t h e  

p a r a l l e l  bedded Pierce  Canyon redbeds a p p r o a t e l y  100 yards northeast 



of t h e  road connecting t h e  Crawford Ranch headquarters and Hill Tank 

a t  the  escarpment. 

Southeastern Eddg ~ounty, '  New I.I~-uco: 2 miles north of the  

Texas s t a t e  l i n e ,  along the  eas t  s ide  of the Pecos River valley, 

Sec. 22, T. 26 S., R. 29 E. 

About 30 f e e t  of Pierce Canyon section was reported from t h i s  

l o c a l i t y  by Leve (1952) a s  red gypsiferous s i l ts tone.  

Red Bluff Lake, Texas: Northwest corner of Loving and north- --- - 
ern end of Reeves Counties, Texas, Secs. 2, 3, U, 12, 13, and 14, 

Blk. 57, T. 1, T&P Eil Co. 

Komie (1952) has reported a maximurn thickness of 110 f e e t  f o r  

t he  Pierce Canyon redbeds and described them as thin-bedded gypsi- 

ferous, red s i l t s tone .  Neither t h e  upper nor lower contact i s  ex- 

posed. 

Eastern Culberson northwestern Beeves Counties: 15 miles 

south-southwest of Red Bluff Lake dam, Secs. 3, 10, 23, 26, and 35, 

Blk .  45, PSL. 

The Pierce Canyon redbeds a r e  exposed a t  these l o c a l i t i e s  a s  

small, low (10- t o  15-f00t), hills t h a t  consis t  of thin-bedded, dark 

red, gypsiferous and calcareous, sandy s i l t s tone .  Neither the  upper 



nor lower contacts a re  exposed. The locat ion and access ib i l i ty  of 

these  outcrops has been i l l u s t r a t e d  by Hall (1952). 

Red Point: 10 miles north'of Kent, Culberson County, Texas, -- 
NWi Sec. 20, Blk. 59, T. 7, T&P RR Co. 

About U+O f e e t  of Pierce Canyon section i s  exposed from the  

va l ley  f l o o r  ( t a lus )  t o  the base of t he  Cretaceous conglomerate, 30 

f e e t  below the  top  of t he  c l i f f .  The lowermost 90 f e e t  of section i s  

du l l ,  moderate reddish brown, thin-bedded sandstone. The uppernost. 

50 f e e t  of Pierce Canyon redbeds i s  l i g h t  brown t o  pale red, thin- 

t o  thick-bedded, s i l t y  f i n e  grained sandstone. The contact with the  

overlying Cretaceous i s  about 5 f e e t  above the  base of a nearly ver t ica l ,  

gray c l i f f  30 f e e t  below the  top  of Red Point. 

Southeastern Culberson County, Texas: Southeastern Culberson 

County, Texas, NWk Ndk Sec. 5, B l k .  91, PSL. 

About 45 f e e t  of Pierce Canyon section crops out a t  t h i s  local- 

i t y  on the  south s ide of a l a rge  h i l l ,  along the  north bank of a 

l a r g e  draw. The exposure i s  moderate brownish red, thin-bedded, 

gypsiferous, s i l t y  sandstone. The exact locat ion of t h i s  outcrop has 

been i l l u s t r a t e d  by Travis (1951). 

Near Seven Heart Cap: In  the  SW$ Ni3$ B l k .  87, PSL, Culberson --- 
County, Texas ,  approximately 25 miles northwest of Kent, DeFord (oral  



communication) has reported a sinkhole f i l l i n g  containing fragments 

of Pierce Canyon redbeds. 
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