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INZ'RODUCT!:ON 

PURPPZE AND SCOPE OF STUDY 

The lower  San Wrldres Pasma%:ion of C;en-kral New MeXfcQ is 

Middle  Permian  (Late  Leonaxdian t o  E a r l y  Guadalupian) i n  age 

( f igu re  3 )  e 1% consists of dolomite,  Zimestone, and i rke r -  

headed sandstone ( f i g w e  5 )  which m e  large2.y of  marine 

origtxl, Tare Siis1 Rndras is 8 s:lke3.9 urd% northwest of the 

major bask?. edga (figure 2 ) .  

The Ssn h.ndres Formation has been  nuch s tudied  i n  west 

Texas and sou-theastern New Mexico,  where i - k  %a a rmervoir far 

b l l l i o n s  of b a r r e l s  of  oil and gas ie.g. Chuber m d  Puseye 

3.972: Galley, 1958) DetaPZed work on the  sedimentology of 

the San Anndrec; Forrnat5an and its GLorie-ta Sands tom 1'4e:nber In 

eentm.l New 1:iexico has never  been  published, This  stuay is 

l imi ted  t o  an examination of  the  lower 200 %D 300 f e e t  3f the  

San Andres in   t he   Eas t e rn  2/3 o f  Lincoln Couiz%yg. The lower 

S a n  Andres in   t he   no r the rn  part  o f  the  study a r e a  Lr d a m i n a t l y  

sandstone,. The sandstone ton,@ee southr+~ard as the  lower Ssrs 

Andres becomes ch ie f ly   ca rbona te   ( f igu re  5 )  i n  the soutlzeirn 

part of  -the study area. 

The purposes of this study axe 'Go descr ibe in detail  the  

sandstone t o  carbonate -tx*arasition in  t h e  lower San- Andres Form- 

a t i o n *   e s t a b l i s h   c o r r e l a t i o n s  between  ou'tcrops interpret  %he 

environments o f  depos i t ion  o f  the rock u n i t s ,  and seek a depos- 

i t i o n a l  model t o  explain  sedimentat ion  pat terns  i n  the  s-tudy 

area. 

The study 5s based Uli3.Os-t ex,cl\lsiveP$  on suu*fnce outcrops 
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and no aes5.ou.s attempt was made to  obtain  subsurface  inform- 

a t ion .  Almost continuous exposures of the  lower Sam? Andres 

Formation  are  present  south of the e k i n g  Ranch. s e c t i o n  

( f igure  1) e Outcrops f o r   d e t a i l e d  s"cudy were  selec%ed on the 

basis of exposurep  accessibi l i t ;y ,  and loca t ion  within the  

s tudy  m e a .  E,:posures. of the  lower S a l  h d r e s  a.re r e l a t i v e l y  

r a r e  north o f  %he Fur% S t m t o n  sec t ion  and the  best  avai lab le  

, ot~tcrops were  measured, The San imdres Pomat ion  dous no t  

outcrop eas t  of  the s-t;uriy area.  A few scat tered  lower San 

Andres outcrops ere present  in vresternmost .Lincoln County 

(Harbauf, lg?Q)l but  arc? not  inc1uded  in t h i s  study. 

LOGA'PION OP STUDY AREA 

!We sGuciy a rea  is loca ted  in  the e a s t e r n  2/3 of Lincoln 

County, ~ e w  ?hr.ico ( f i g u r e  I)., %'he exact  location  measwed 

sectj.ons i s  g iven   i n  Appendix 1. 

FIELD IBTHODS 

The author  spent t h i r t e e n  weeks in  the f i e l d  between Ha37 

End AUmSti 2.973. A two week f i e l d  check lvas made d,uring the  

Past two weeks of December, 1973. 

Eight  de%ai l ed   s t r a t ig raph ic   s ec t ions  were  measured 

(Plates I t o  YIII) using a brunton  conpass ss a hand l eve l .  

Megascopic f e a t u r e s  were studied,  photographed,  and  sampled i n  

t h e   f i e l d ,  About 425 samples were co l l ec t ed  fcr labora tory  

examinat ion .   S t ra t i f ica t ion  was described  using .t;l?e fol lowing 

s c a l z  8 
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>3 Feet  Large  Scale 
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of Nines and Mineral  Resourcess spent a day f i e l d  checking some 

o f  ny measured sec t ions .  Harold Baker s tud ied  quart% gra in  

sur face   t ex tures  from fou r  sarrrplos on the  scanning  e lectron 

microscope, and Laurel Babcock examined a limestone sample ~ G I -  
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the presence o f  conodonts. Thei r  ass i s tance  is appreciated.  

I g r a t e f u l l y  acknowledge the ass i s tance  of my wife  Brenda, who 

was an e x c e l l e n t   f i e l d  assistant and camping pa r tne r  i n  the 

f ie ld ,  and the chief breadwinner durhng %h;he prepara t ion  of this 

study. 

SYORAGE OF STUDY MTERIALS 

Specimens  important t o  this study and a l l  m a t e r i d s  f l lust-  

r a t e d  w e  i n  the  -thesis c o l l e c t i o n  of the  Department of  Geol- 

ogy, Univemity of Wisconsin, Hadlson, \Vmconsin 53706, under 

U .W #I589 
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hfI.IIDmE PERMIAN fiEG1OEAL STRATIGRAPHY SI4 CiHTRAT, h!Y NEXICO 

IN1:RODUCTION 

The I:liddle  Permian Yeso znd Sa11 Andres Formations, 8.36 

the  Ar tes ia  Group outcrop in  cen,traI New i?kxico ( f igu re  3 )  

This  study is confined t o  about the  upper 5 t o  20 f e e t  of  the 

Yeso and the  lower 200 t o  300 f e e t  O P  t h e  San Andres Forma.tion 

in  eastern  Lincoln County., Figure LI. i l l u s t r a t e s  the stra-ti- 

graphic  nornend.atwe used in ibis study, whereas  f igure 5 illust- 

r a t e s  the  g r o s s  1i"chology of  the  rock imi,ts s tudied ,  

YES0 FORMATION 

The Yeso Formation  underlies  the  San  Andres  Forma.tion in 

c e n t r a l  New Mexico. The contact  between tkiese formations is 

apparent ly   gradat ional  in the  s tudy  area.  No evidence of 
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unconfor'mity has ever  been  reported in the p u b l i s h e d   l i t e r a t u r e ,  

Tno Yeso Forrnstion i n   c e n t r a l  New Mexico c o n s i s t s  of sandstone, 

lixiestone  dolomite, gypsum, and s i l t s t o n e  The Yeso outcropping 

i n   t h e  Sacramento  Mountains  of  soa-kth-cen-ttal New Mexico i s  about 

1200 f e e t  thick (Keuey,  1.97~)~ 

Only the  very top  ( 3  t o  EQ f e e t )  of the  Yeso is included 

in  t h i s  st;V.dy. XeL:Lo\:r, ginkr ;uid grsy quax'czose s i l t s t o n e  is 

the  most common l i t ho l .ogy ,  but I) gypsurn is p?r.esent a% Walker 

R a ~ c h ,  2) evapor i t i c  ciolomites ?ire present  a t  F o r t  S%m-tan i3Yld 

Hond.0, and 3 )  a thick oolitic limestone and 5. t h i n  p a r t i a l l y  

. l amina ted   l imes tone   a re   p reser t  a t  Sunset. 

SAN ANDRES PORMATION 

The Stm Avldres Formation vaiiies in   t h i ckness   f rom about 

triZ f e e t  i n  cea?-bral Mew Mexico t o  as mv.ch as 1,700 f e e t  in  

southeastern Piew Nexiee,  Eelleg (1971) fa~s recent ly   subdivided 

the  San  hndres Forina;bian inLo Paur members8 Giarie-ta Sand- 

s t m e  Member, Rio Bonito  Cwbonate l~lembeoer, Bonney Canyon Carbon- 

a t e  Member, and Fo'mmile Draw E%-sporitic Nimber. 

Th.e Glor ie ta  Sandstcone Member forms  the base of t h e  San 

Andres Pormatio-fl throughout most of the  study a r e a   ( f i g u r e  5)  ~ 

1% i s  280 f e e t  thick a t  &ran Nesa and thins t o  about 240 f ee t  

at Walker  Ranch,  Three sandstone tongues  extend  southward and 

are  informally  termed  the J.owerp middle, and upper Glor ie ta  

tongues o f  the  S w  Andrss Formation i n  t h i s  s tudy   ( f igxre  5 ) ;  

The three  tongues  pinch out towards t h e  westem  boundary of 

Lincoln C O W ~ J  and thicken  appreciably  towards  the  eastern 

edge of -the stu.dY a r e a  (e ,g .  S m s e t  and Bluewater,   f igures 4 



cont inui ty  and l i t h o l o g i c  j.denl;i%g of a11 t h ree  sands'tune 

tmgues   over   the  &5 miles from Bogle Dome to   Sunse t ,  T t  is 

h ighly   un l ike ly  t h a t  these smds"h-ms pinch out as they appiwach 

area.8 of ncsirly  coni;inuous sand. depasition,. 

Kel ley 's  (1371, 1972) Rio Bonito and Bomey  Canyon Carbon- 

a t e  Mernbers a r e   d i f f e r e n t i a t e d   e n t i r e l y  on the basis o f  bedding 

thi.ckness.  Whereas  the Power carbonate  socks of t h e  San Andres 

Formation  are  thicker  bedded  than the upper rocks# %he a c k a l  

contact  between members is u s u a l l y   d i f f i c u l t  t o  determine wi th  

the   p rec i s ion   r equ i r ed   fo r  t h i s  s'euciy. Consequently,  no  atLempt 

has been made t o  d i s t i ngu i sh  between  these two members in the  

study area.  In t h i s  s tudy ,  the  e:abonate  tongue bei;ween the  

lower and middle Glorieta  Sandstone  tongues is r e f e r r e d   t o  as 

the  lower  carbonate  tonme,  the  carbonate tongue between  the 

middle and upper  Glorfeta ?.s the  middle  carbonate  tongue, and 

. .  



in  west Texas and southeastern ?few bil'exico the Lower p a r t  of t he  

San Andres was Late Leonardian and the upper par t  was Ear ly  

Cuadalupian i n  age, The de?mx&mtion of the exact  age of the  

lower S a n  Anares in the  stu6y area has  never  been  reported in 

the published l i terature  o f  the S a n  Annrires Formation. 

A minor a t t eEp t  was made to find  datable  conodonts i n  a 

sample which had a goocl chance of containing them. A Limestone 

sample wi th  abundant  normal  marine fauna (Hondo, un i t  35) was 





The paleontologic  emphasis. i n  %his study has been l a rge ly  

t o  use msjor  types   o f   t race  and body f o s s i l s  f o r  env i rom@nta l  

&termination. No effort has been rnade t o  de te rn ine  genera o r  

spec ies  for twonomie or -age-da t ing  purposeso Only inver tebra le  

body f o s s i l s  were found., No a l g a l  body f o s s i l s  or pSmt remains 

were recognized. ? 

The carbonate. membw of t h e ,  Lower Sfm-n Ar,drss Formation i s  

div ided   in to  a mmber si" depos i t iona l  facies on the basis of 
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" C a r b  on&t-,Fen$s 

The type ami. ammmt os: h.mrowing v a r i e s  between d i f f e r e n t  

carbonate  depositiol1a.l  facies. The s a p r a t i d a l  and i n t e r t i d a l  

f a c i e s  a r e  in places  s l igh t ly  t o  moderately  mottled.  Burrowing 

in  the  normal. marine  facies  is Limited t o  a general  moti;ling, 

which is C G R ~ ~  to rmx 5-n pS-aces. tcuw type ana d i s t i n c t -  

i v e   u r ~ o r i e ~ ~ t e d  btrrrolz's aye almost cnmp1.e'cel.y conf ined   t o   t he  

r e s t r i c t e d  mari.ine r'a.cles. P.fctst burrows i n  t h i s  facies are of 

t h e  'I C:ruz iana" 'type 

* 9 C r - - w  - type buiirows ( f igu re  11) hsve %he fol lowing 

c t i a r ac t e r i s t i c s   i n   t he   ca rbona te  member i n  t h e  study wea, 12 

-two dimensions + the "CruziaLq" burrows a re   o r i en ted  QbJ-i.qUC?ly 

Lo s t r a t i f i c a t i o n .  They a r e  gencrzllg about 1 inch i n  dismeteer, 

bu t  range from 1% t o  inches,  The maximum appar'en-i; ' length PYI 

two dimensions is abou-t e i g h t  inches,  A few burrows a r e  d i s -  

t i n c t l y   i n t e r n a l l y   l a m i n a t e d  wi th  concentr ic  'J-sha'Xjed Laminae 

(figure 1lA) Locally,   individual  burrows  give the impression 

of being payt of  a network,  but t h i s  e f f e c t  msy be  due t o  bvo 

OF more d i s t i n c t  superimposed  burrowing  events (figure I l B ) ,  

"Lsuziana" CJpe b ~ r ~ o w s  are commonly f i l l e d  with un iden t i f i ab le  

f o s s i l   d e b r i s ,   o s t r a e o a e s ,  and peloids, .  whereas the hos t  is a 

mudstone ( f igu re  l 1 A ) .  Such f a b r i c s   r e s u l t  from the mixing of 

fossiliferous and unfossl i i ferous  sediments  by burrowing  organ- 

isms. 

The crustaceans  Alpheus  and mllianassa produce  burrow 

networks i n  Recent  carbonate  sediments, whose segments are of 

the  approximate  diamekx and length  of most on" the  "CruziaAa:. 
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"". GLorleta SanZls'cone Me- 

Trace f o s s i l s   a r e   r a r e  in the  Glar ie ta   Sandstone Member. 

Ma t - t l hg  1s the nost coflmon evidence  suggestive  of  burrowing 

and at l e a s t  s:?me o f  it may conceivably  have an inorganic 

or ig in .  "6ruz.i.ana" type bu.rrovrS.ng vias f0un.d on a p iece  of 

f l o a t  from the upper GLorietr, tongue a t  Bluewater aad  near t h e  

*tos of the  Imver Glorieta tongue at Port Stmtan.  These bur- 

rows a r e  about $ i n c h   i n  diameter and a re   o r i en ted  parLLlel to 

s t r a t i f i c a t i o n .  They suggest that at l e a s t  some of 'the Glor- 

i e t a  Sandktone was deposited in  a shallow  marine  environment. 

The gene ra l   l ack  of busurrsvring coupled with t h e  large number o f  

trncti .ve  current  seciimexk.ry  strqctures  suggests -&hat nost of 

the  Gliopieta  Sandstone was deposited i n  a non-rna-ine  en.viran- 

meat o r  that sand movement was g r e a t  enough t o  i n h i b i t  bur:co!vers 

in a. marine  environment, 

BODY FOSSILS 

Garbcnate Member 

In t roduct ion  

"""1_ 

Parts o f  the  carbonate  member a re   apparent ly   bar ren  of 

b io t a ,  whereas o the r  pa r t s  a re   h igh ly   fo s s i l i f e rous ,  The i n t e r -  

e s t  i n  b i o t i c s  i n  the  carbonate  member i s  conf ined   t o   t he   env i r -  

onmental  inferences t ha t  may be drawn from  the  exclusive  presence 

of members o f  e i t h e r  a normal o r  r e s t r i c t e d  marine f o s s i l  assemb- 

lage.   Figure 6 i l l u s t r a t e s  an est imate  of  the r e l a t i v e  free,. 

quency of occurrence of body fossils i n  the carbonate  deposit-  

ional  environments  inferred f o r  the  lower Sari Andres Formation 

i n   t he   s tudy   a r ea ,  



Normal f&wine Assemblage 

Th.e normal marine assemblage consisLs of bio.ti@ %ypesp 

vfhich a r e  knovsra o s  inferred -to. require normal marine condi t -  

ions  f o r  l i f e ,  e spec ia l ly  no rm 'a~  marine salinit ies.  The 

assemblage is genera l ly   found  in   very   foss i l i fe rous  rock uni.i;s. 

Rock u n i t s  where r e l a t i v e l y  few of t hese   b io t i c s   a r e   p re sen t  

suggest  Less  well-developed norma2. marine condi t ions.  ?he 

normal marine  assemblage cmsists, i n  order  of decraasing 

r e l a t i v e  abundance, of Productid  bra@h.iopods,  crinoids, bryozoansp 

non-Product id   ar t fcuPate   Ixachiopods,   echinoids ,   t r i lobi tes ,  

. and cephalopods, 

Productid  brachiopods: the most common and, excep-k for a very  

few cephalopods, thle ltirgest b io t i c  cons t i t uen t  i n  th.e study 

area.  Productid valves  are na't commonty dissu?ticula"ced and 

fragments are angular  with no evidence of  abrasion.  Productids 

are eom1onI.y par t ia l ly  s i l i c i f i e d .  

Produet id   sp ines   a re   loca l ly   abundant  

even  where va lves  bwe re1a:tirsely r a r e .  

Crinoids: t i e  second  most common .*>.otic cons"ci%uuexi;. They are 

genera l ly   coarse  sand t o  granule  s i z e  .d l sa t - t icu la ted  co l~ t lmta lg~  

No crown Tragnlents were  recogxized. 

Rrxozoansa included in %his assemblage  even  though some modern 

t y p e s   m e   % o l e r a n t  oT s a l i n i t i e s  s l ight ly  h igher  than that of 

~ ~ o r m a l  marine waters hecause in the sWdy w e a t  I) they  a r e  

almost exclusively  found in  assoc ia t ion  wiYn normal marine 

biota, and 2 )  they WE only very sarelj. fowad assoc ia ted  

exclusively wi th  members of the ~esLr*icted  marine assemblage, 
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Nan-fenestrate  bryozoms axe flne m0s.t eor~mon type   p resea t .  The 

only  cmbonake  build-ups  noted m e  bryoz;oar,-os%?ncod bioherms 

in Crtrtnirtg Ranch, un.i t  9. The bioherns' me about f ive f e e t  

thick and apparent ly  had about l& feet  o f  d e p o s i t i o n a l   r e l i e f .  

Mon-productsd a r t icu la te   b rachiopods  î  r e l a t i v e l y   r a r e  and 

found i n  abmda.me only nt 3"or'b St;anton, u.niL l.3* 

Eahinoidss re3.atively r a r e ,  Bath echinoid spines ard p l a t e s  

were noted, 

Tr i lob i tesz   genera l ly  ram,  except in Hondo, u n i t  37, where 

frsrnents are  abundant. T r i lob i t e s  m e  exclus ive ly  associated 

' wi th  bicita of Imown or inferred  normal   marine  aff i t l i t ies  in 

tho stadjr area ,  

Cepk.alopods8 the largest  ( 6  t o  8 inches'),  and among the  raxest 

of b i o t i c   c o n s t i t u e n t s ,  Only t x o  specimens were forsnd in place 

(Canning  Rmch, u n i t  16 slnd Sunset,  un i t  3.5) whereas o t i ~ e r s  

WWE o n l y  observed in. float, 

Restricted  Marine  Assemblage . .  

The res--ictcd  marine  assemblage  consists  exc3usively of 

b io t i c   t ypes  which a r e  known t o  be in some degree   to le ran t  of 

adverse  environmental   condi t ions,   especial ly   large  var ia t ions 

i n  s a l i n i t y .  The assemblage is genera l ly  found i n   b a r e n   t o  

only sl ightly f o s s i l i f e r o u s  rock u n i t s  in  t h e   f i e l d .  I n  pol- 

ished slab and t h i n   s e c t i o n ,  some o% these  rock u n i t s  were . 

. .  

noted t o  have  abundant  microfauna. The r e s t r i c t e d  marine assemb- 

lage  consi 'sts ,  i n  o rde r   o f   r e l a t ive  abundance, o f  os t racodsp  

gastropods,   Foraminifera,   pelecypods,   spirorbid worm tubes ,  and 

possible members of the  S ~ l i o r i n a - T e n t a c u l i t - c ~  group. Ostracods 
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m w i n e   b i o t i c   c o n s t i ’ h e n h ,  

Ostreeodsr  the mos-b abundantrestr ic ted  mmine  bfo”cc form, 

They w e  general1:y of sand s i z e p  hut granule s i z e  ostracod8 

tire present  i n  bryozoan-ostracod  biohefms a t  Carining Ranch, u n i t  

9 .  

Gastropods8 common and range in siw From about  t2lree inches 

in diameter -to C O ~ ~ E S ~  sand s h e ,  

Forminifera% genera.lly L ^ ~ T C ~  bu t   a r e  cornmon in a Pew rock 

uni t s ,  Apparently only  calcareous types a r e  present. 

PeXecypodsa n o t  commonly noted, They usually appear as sparry 

caLcite f i l l e d  fragment moJ.ds# which a r e   i d e n t i f i e d  by t h e i r  

general  morphology. 

Spi rorb id  worm tubest a close similmity between some bio”c.c 

const i tuents   noted in t h i s  study a?d sp i ro rb id  worm tubes ident-  

ified by Laporte (1967). These b i o t i c  forms were only ra re ly  

observed in the  lower  San hnndres Formtion.  

m 3 u n a - T e n t a c u  -?x a gross simixari‘cy between some 

b i o t i c  forms noted in  ”chis stutly and fos s i l s   i den t i f i ’ ed  as 

p o s s i b l y   b e l o n g % n g   t o   t h e   ~ l i o l ~ n a - T e n t a c u l . j . t e s  groups by 

Wilson (1967) .  These b io t i c   cons t i t uen t s   a r e   on ly   ve ry  raxely 

observed i n  the  lower  San  Andres Formation. The t rue   b io log ic  

‘ a f f i n i t y  of  Wilson’s f o s s i l s   a r e  unknown: 

Clorieta  Sandstone Mamber 

No 3ody f o s s i l s  Were found i n  the  Glorinta   San6stone Member 

of the  San Andrex Formation, Organic films suggest ive of d i s -  

solved f o s s i l s ,  such as in Vie Devonian Qriskany Sandstone of 



noted, 
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CARBONAT3 i" l3ER OF THE LOWER SAN ANDRES FORFiTION 

INTRODUCTION 

The carbonate member of the  lower  San  Andres  Pormation 

in   t he   s tudy   a r ea   cons i s t s  of the  lower,   middle and Upper 

catrbonate toon.ggaes. The three  tongues thin t o  t he   no r th  as the  

lower  San  Anares becomes dcmiwntly  sandstone. 

About 75% of the   rocks o f  the cwbonate  member in the  

study a r e a   a r e  dalomj.te,  There is a gene ra l   i a s r ease  i n  

Limcstone a t  the  expense of dol.omile westwad.  across   the   s tudy  

area  ( ' f igure 5 ) .  Limestone is important in  the lower carbonate 

tongue 8.t Hondo and F o r t  S-kan-ton, i n  the  midd3.e carbonate 'tongue 

ct; Canning  Ranah, in  %he upper  cazbonate tonbQe a t  Honcio m.d 

Canning Ranch, ar,d i n  the  ent i :x   sect ion a t  Fox C w e .  

Nwlstones and wackes%ones ( a f t e r  Dunfiam, 1962) consti:hute 

almost a l l  (9b$) of the  carbonate member. Tho pred.on-inmce of 

mud-support rock  fabr ics   s 'brongly  suggests  t h a t  most of the 

dolomi.te c r y s t a l s  i n  the  carbonete member r ep resen t   o r ig ina l  

calcium  carbonate mud precursors,   Packstones  and  grainstones 

make up  about 5% of t h e  carbonate  rocks  present.  They m e  

generally  found i n  t h e   ' o o l i t i c   r o c k   u n i t s  a t  Canning Ranch and 

Bluewater ,   whereas   they  are   very  rare   to   absent  in the   o ther  

sections,   Boundstones  consti tute less than  1% of the  carbonate 

member and c o n s i s t  of' crypta lga l   l amina tes ,  algal s t roma to l i t e s ,  

and bryozoan-ostracod  bioherms 

Well-defined,  laterally  continuous  bedding planes a r e  

gene ra l ly   r a r e .  Most of the  carbonate member is very   th ick ly  

t o  th i ck ly  bedded and i.ntcmxLLl.y massive, A t  the Sunset ,  Hondo, 
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Fox Cavep and Eluewater   sect ionsv -the carbpnates  above  and 

l o c a l l y  below t h e  Yeso/San Andres  contact  are conlmoaLy t h i n l y  

bedded  and i n t e r r i a l l y   i n d i s t i n c t l y  'GO d is t inc%%y  laminated 

iriciicating environmental  cond.iti0n.s  inimFcsl t n  t he   su rv iva l  

o r  development  of  burrowing  organisms.  Extreme s a l i n i t y  and/ 

o r  low oxygen content o f  $he water is the  most l i ke ly   cause  of 

- h e  a.bsenee of burrowing orgmisms, since no evidence o f  

supratidal  exposure was noted i n   t h e s e   r o c k  units, Towards 

the t o p  of these four sections,   obscure Lo dis$i.nct medium 

'bedded rock   un i t s  are interbedded with th i ck  bedded units. 

k s t  carbonate  roclrs m e  at l eas t  moder8.-h?ljr pe t ro l i f e rous  

fE Tnat they  have a darker   aspect  than is usua l  i n  slze19 car- 

, bonates (Wilsnn, l?'pl,) and they  emit a f e t i d  odor  upon  being 

S h u c k  with a hammer. Supra t ida l   f ac i e s   a r e  usual ly  mwh 

ligh.teP th.an o ther  faci.es and a r e   e s s e n k a l l y   u n p e t r o l i f e r a u s .  

z'wc explanat ions for this pat tern  are   possible   depending on 

whether  the  hydrocarbons  present  were formed jn or  "cam- 

por ted   in to  the area.  If %hey  formed 2~ ap ther.  %be  absence 

of  hydrocarbons  suggests  the  oxidation o f  organic  materiaL on 

supyatidal f lats and t h e  reduc'cion of organic  material .   in a l l  

other  environments. If the  hydrocarbons rfiigTated i n t o   t h e  

carbonate rock u n i t s ,   t h e n   r e l a t i v e   p o r o s i t i e s  might be respon- 

s i b l e  f a r  their   local ized  absence.   Subaerial   cementat ion 

processes might have  rendered the supratidal f a c i e s   r e l a t i v e l y  

impermeable compalred with the other   carbonate   facies .  

.. 
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CARBONATE SEDTivENTkYf STRUCTURES 

In t roduct ion  

Organo-sedimentary s t r u c t u r e s  and  emergent  desiccation 

f e a t u r e s   a r e   t h e  most common carbonate   sedimentary  s t ructures  

present  in t h e   s t u d y   a r e a .   D i s t i n c t   c r o s s - s t r a t i f i c a t i o n  

is almost  completely  absent i n  the  carbonate member, even i n  

the undaform-edge f a c i e s ,  and hence is not   discussed fl,wthsir 

i n  t h i s  repor t .   F igure  6 is an est?-mtl-l;e of   the  relative 

frequency of occurrence  of   sedimentary  s t ructures  i n  the car- 

bonate  environments,  which  are  inferred -!x be represented in  

the s tudy  area.  

* #&ano-sedlm~tav  ." s t r u c t u r e s  

Organo-sedimertary  strwctures  consist   of  cryptalgal lam- 

ina t e s  s a2gal. s t r c m a t o l l t e s  p and oncol i tes .  They a m  r e l s t i s e l y  

ve ry   r a re  in  the  stutudy area.   These  structuyes are in fe r r ed  to 

h a w  formed  through the s&xiinent b i n d i n g   a c t i v i t i e s  o f  blue- 

green  algae.  No evidence of 2-hodolites ( i . e I  r e d  algal 

encrus ted 'ba l l s :  Sosellini and Ginsburg,  1973) was noted. 

Cryptalgal   lanl inates   (Aftken,   1967)   are   sock  uni ts  w i t h  

undulatory  laminae a t  l e a s %  some of  which a r e   i n f e r r e d   t o  be  due 

t o  t h e   a c t i v i t y  Qf blue-green  algae, The c ryp ta lga l  3.a.minates 

n o t e d   i n  t h i s  s tudy   ( f igu re  21C) have the  fol lowing  character-  

i s t i c s :  1) they  develop  into recogniza.bXc a l g a l   s t r o m a t o l i t e s  

i n  a few rock uni'ts, and 2 )  they  only  very  rarely  contain  evapor- 

i t e  molds,   Cryptalgal  laminates  form  in  protected  mud-flats 

i n  Recent   carbonate   set t ings  (Aitken,  1967; Logan -a, 1964) 

The c ryp ta lga l   l amina te s  of  t h i s  study  are  compatible with 



formatioil in   p ro tec ted   mud-f la t s ,  which genera l ly  had enough 

water   c i rcu la t lon  t o  prevent  the  formation o r  p r e s e r v a t i m  

( S h i m  & &, 1965) of evapori te   minerals . -  

D O N I ~ ~  algal s t romato l i tes   (h i tken ,   1967)   a re   the  most 

common type of algal s t romato l i te  noted in t h e  lovrer San Andres 

Formation, Domal s t roma to l i t e s  in  %he s'tudg m e a  may be char- 

ac te r ized  as foll07m8 1) *hey c o ~ s i s - l ;  of si.mpfe,  unciulatosy 

laminations,  a few of  which show emwgent  desiccation fea.tares,  

2) they   a re  commonly assoc ia ted  with Bnt rac las t s ,  2)  they are 

not   assoc ia ted  wi th  eviclence  of  evaporites,p and 14) they. range 

i n  s i z e  Prom about 3 to E! inches In diameter. Domal strome%Gl- 

i t e s  form i n  exposed i n t e r t i d a l  mud f la t s ,  where  the  scouring 

action  of waves and o the r   i n t e rac t ing   f ac to r s   p reven t   t he  

growYn o f  a l g a l  mats between s t roma to l i t e s  (Logaar et & 3.9641, 

$0 shallow su .b t ida l  a reas  ( 3  t o  25 f e e t  deep i n  Bermudas 

GebeleSn,  1969) i n  Recent   carbonate   set t ings.  The degree of 

des icca t ion   present  i n  the  s t romatol i tes   observed i n  'the s tudy 

wea. has been  used t o  help  determine  whether  they  were  deposited 

~~~~ ~ 
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formatioil in   p ro tec ted   mud-f la t s ,  which genera l ly  had enough 

water   c i rcu la t lon  t o  prevent  the  formation o r  p r e s e r v a t i m  

I i n   l o v ~  supratidal/high i n t e r t i d a l  or low i n t e r t i d a l / s u b t i d a l  

I environments. The absence of  evidence of evapor i tes   sugges ts  

I a t  l e a s t  minimal amounts o f  v f a i e r   c i r c u l a t i o n   i n   t h e   i n t e r t i d a l /  

I subtidal  environments and not   infrequent   inundat ion o f  t h e  

sup ra t ida l  environinsnt . during the formation o f  domal stromatol-  

i t e s ,  

D ig i t a t e  algal. s t roma to l i t e s  (Aitken, 

1967) were noted  only i n  Bogle Dcme, u n i t  26 ( f i g r e  9 S ) ,  

There i s  no  apparent   coalescence  upwards  into  la teral ly   l inked 
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hemispheroids  (Lcgan a a, 196h) .  The dZgf ta te   s t romato l i tes  

are  about -5 inch in  diameter and. c o ~ t a i n  alxmdan% tubules ,  

D ig i t a t e   s t roma to l i t e s  a-re general ly   thought   to   have t'oxhed 

only   in  lcv: inter-t idal   environments exposed t o  waves.  fAitken, 

1967). The d i g i t a t e  stromatolites of t h i s  s tudy may well. have 

formed %TI such c~~-vi~.o~?me.r~"c. Kwveverp 'the presence of well 

developad f e n e s t r a l   f a b r i c  (see t e x t  below) i n  the carbonate 

matrix  between the s-trcmato%ites  suggests  subsequent silbserial 

exposure \ 

Practically  the  only  oecuzrence of onco l i t e s  ,is near the  

' t a p  of Hondos ~rtiii 3.5 ( f igu re  21A) qlhese oncol i ten   ST^ gen- 

era l ly   concent r ic   (node  c of L o g m  & & 1964.!.), Gastropoc:, 

E;5fioi3s m d  bryozoan fra,gents a r e  the main nizclei, A few 

oncoli'tee have been  bored, with borings  about 2mm i n  dia.meter. 

Oncoli%es fora ii? very sha l low  sub t ida l   weas  wposed  t o  waves 

t o  low in te r t t ; lda l   a reas  exposec; t o  agitated shallow  water in 

modern carbonate   se t t ings  (Logan e't; -a8 19&) T ~ E  o n c o ~ . t a s  

of Hondo, u n i t  35 were  probably  deposited in a nearly continuously 

agitated  shallow  sub-tidal  envir0nmen.t  because o f  the  concki1tri.c 

n a k r e  of the  oncol i te   laminae and the  back o f  my i n t e r t i d a l  

f e a t u r e s  in  the   un i t .  The presence of  c r ino ids  and bryczoans 

suggests  normal  marine  conditions  during  deposition, A s i n g l e  

leached  oncol i te  was no'ted In Sunset,  uni t  10 ( f i g u r e  10B). It 

was probably t r anspor t ed   i n to   t he   a r ea   du r ing   depos i t i on .  

Emergent Deslccat ion  Featxres  

In t roduct ion  

Evidence o f  subaerial   sxposure i s  r e l a t i v e l y   v e r y  rare i n  



of f e n e s t r a l  fabric, mud cracks, and some brecc ia t ion  i s  used 

i n  t h i s  stufiy t o  recognize subaerial exposure d u r b g  depos i t ion  

o r   s h o r t l y   t h e r e a f t e r  

Fenes t ra l   Fabr ic  

Fenestral fabric i s  no t  commonr but some is found i n  a lmost  

a l l  measured sec t ions  (Fl-a'ces X t o  BIlI; figure 2 0 )  e Fenestrae 

. axw. defined a8 prirnmy 61' penecontemporaneous gaps i n   r o c k  

framework l a r g e r  -than grain stippor.<ed i n t e r s t i c e s   r e g t i f d l e s s  

o f .  degree o r  character  of  subsequent f i l l i ng  (Tebbutt ei: a, 
' 3965). Fenestral fa.bbric in tha  s tudy m e a  is found oaly in 

dolomite hosts.  I so la ted   bubble- l ike   cav i t ies   ind ica t ive   o f  

a gas bubble o r i g h  were not  observed.  Fenestrae consistifig 

o f  planar i s o l a t e d   c a v i t i e s   a r e   i n f e r r e d  to have been made by 

shr inkage  resul t ing  f rom  desiccat ion of subae r i a l ly  exposed 

sGdiraenCs. Spwry c a l c i t e  cement is t h e  most common f e n e s t r a l  

f i l l i n g ,  but spwry dolomite  cement i s  present  in  S u n s e t ,   u n i t  

45, Cclnnfng Ranch, u n i t  10, mc? Eiondo u n i t  24, No internal.  

sediment or shee t   c racks  were  noted. Fones'crsL fabbric in the  

stuqy a r e a  is comonly   assoc ia ted  with a b w d a n t  %a c~mn~on i n t r a -  

clasts and slight ' t o  moderate  brecciation. It is r a r e l y ,  i f  

ever ,   assoc ia ted  wit'n anhydrite  nodule o r  gypsum molds, Pen- 

e s t r a l   f a b s i c  i n  modern carbenate settings is most  abundant 

in   suprat idal   dolomit ic   sediments ,   sometimes present in i n t e r -  

t i da l   s ed imen t s ,  and never  preser.t i n  s u b t i d a l  ones ( S h i m ,  

1968b,). Rock u n i t s  w i t h  fenzestral   fabr ic  i n  the   s tudy   a r ea  

a re   i n t e rp re t ed  t o  have  formed in supra t ida l  o r  i n t e r t i d a l  
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envirerments  d.epending on %he degree GP emergent  desiccation 

present.  

Alua Cracks . .  . 

The cracking of muddy sediment 3y desicca6ion most ,commonly 

CICCUPS during  subaerial.  exposure8 9311% may happen  subaqueously 

under special   col ldi t ions  ( I leckelp i972r Burst,  1965) Con- 

sequently * 0 t h ~ ~  evidence of subaerial   exposure is desirsb2-s 

for envixanrcentxl  iPitmpretation. Hud cracks were onby found 

i n  two rock   un f t s  i n  %he s k d y  area, namely Hondor, u n i t  6 ar.d 

Canning  Ranch, mi% L O  ICE-& Eondo, unit 6 ,  diatirsc-6 polygms 

' abmt 2 t o  4 inches 111 diameter snd about 1% b c h e s   t h i c k  a m  

present .  They are assoc ia ted  wiLb f e n e s t r a l   f a b r i c  above arid 

below them, The in te f -polygoaa l   a reas  a r e  p a r t i a l l y  f'!,iled 

with jn%rac lns ts ,  In C8.nning Ranch, u n i t  10, spamy ca3.cS.tr. 

f i l l e d  mud c racks   a r e   p re sen t .  Such mud cracks appeal- 'to be 

relatiwe:Ly r a r e l y   r e p o r t e d  i n  the  l i t e r a t m e ,  HoweverB similar 

mud ma& f i l l i n g  has been  described by Fischer  (1964) and 

Matter (1967) e Pischer  (196b) i-nvohes an a l g a l  mat mechanism 

to   exp la in  t h i s  t y p e   o f   f i l l i n g :  1) cracks  formed. under the 

cover o f  a tough algal l a y e r   o r  2) they formed a t  the  surfzcc 

and were  overgrown by an algal mat before   acqui r ing  a mud f i l -  

l i n g ,  The presence of  crypta.lgal  laminates and s t roma to l i t e s  

i n  the  rock u n i t  is osmpatib3.e w i t h  the  foregoing  explanat ion.  

Fenes t ra l  fabric in the overlying uni t  and algal s t roma to l i t e s  

and c rypta lga l   l amina tes   wi th in  the r o c k   u n i t  suggest a sub- 

ae r i a l   cause  of mud cracking, 

. -  
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Brecciat ion 

Brecc ia t ion   ( f igu re  9k) can  form i n  a ~zumber of waysp 

entpirorments, and Limes rela"tve t o  deposit ion8 1) in tense  

des icca t ion  ciue t o  subaerial   exposure,  2) iu1 init ial .  s t e p  i n  

the   ca l ich i f ica t ion   process   ( James ,  1972: ReevesS 1970) 3 )  

so lu t ion   b recc ia t ion  due t u  the  leaching  of   evapori tes ,  4) 

associa-t&d with penecontempormeous  submxrine  cemented hard- 

grounds of the Pers ian  Gulf {Shim,  1969) ,  5) mild epeir0gen.y 

may brecciate  weaker rock u i ~ i t s ,  o r  6) igneous   in t rus ion   f re -  

quent ly   b recc ia tes   ad jacent  rock uni t s .  Consequently,  brec- 

c i a t i o n  e. is u s e l e s s  as an environmental  indica-tor. but 

assoc ia t ed   f ea tu re s  may suggest   possible  czusss of  SrecciaLion, 

Brecc ia t ion  in the  s tudy area is g;eneralLy r a r e  to wlyL\lluns 

Most b recc ia t ion  is probably due t o  tie Recent   calkchif icat ion 

of carbonate  rocks in th.e lower Sari. Andre& Formaticn,  Brec- 

c i a t i o n  is genera l ly  : b m d  i n   t h e   s u p r a t i d a l   d e p o s i t i o n a l   f s c i e s  

( e  .g. f i g u r e  9 A 1 ,  where it may most; l i k e l y  be r e l a t e d  t o  ir,tenoe ' . . 

desiccation  during  subaerie1  exposure However, loca l ly   b rec-  

c ia t io?? may have  been  conceivably  caused by the  S O h t i C R  of 

evapori te  minerals o r  by the  s tar t  o f  Permian  cal ichif icat ion,  

although  no  evidence was found t o  support   these  hypotheses.  

B r e c c i a t i o n   r e l a t e i   t o  %he  emplacement OS igneous  intrusives  

is common a t  F'ox Cave. 

" Conclusion 

The preceding  sect ions on carbonate   sedimentary  s t ructures  

i l l u s t r a t e  t h a t  i nd iv idua l   s ed imen ta ry   s t ruc tu res   on ly   rme ly  

form i R  a S h I g I E  d i s t i n c t  environment of deposition.  Consequently, 
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combinations  of  sedimel’ltary  structures aad paleonfology  were 

used t o  i n t e r p r e t   s u p r a t i d a l ,   i . n t e r t i d a l ,  and s u b t i d a l  envirom- 

men%s i n  t h i s  s tudy ,  

The sedimentary  s t ructures  and paleontology  noted in the  

s tudy  area  indica. tes  tha t  the  environments of  &pos i6 isn  of t h e  

lower S a n  dndres Porn:ztion were predumina’cely s u b t i d a l  and -that 

suprat idal  Elnd i n t e r t i d a l  environmerrts  were rare. The generaL 

’ absence of  evidence of’ -the formar presence  of  evaporites i n  t h e  

sup ra t ida l  and i n t e r t i d a l   f a c i e s  o f  t h i s  s tudy  suggests  that 

sabkha environments of  deposit ion  were ram? duying  lower S a n  

At?dres time, The lower San Xndres i n   t h e   s t u d y   a r e a  is loc-  

a t ed  on the Pedernal   posi t ive element,, which appears t o  have 

been active  during  lower Sail Xndres  time  (see PALECGEOGRAPHZC 

IMPLICATIONS OF STUDY). Hencep the pauci ty  o f  s u p r a t i d a l  and 

i n t e r t i d a l   f a c i e s  in  the study area suggests %hat a t  l e a s t  

most of  the  lower  San  Andres Forma-tion, which was deposi ted off 

o f  t h s  Pedernal  positive  elemen’t,cvax,probably  deposited sub- . .  

t i da l ly ,  
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I -3 2.1 ,:..Iu L *. ~r.'l~l,,f'ilip,,p~fl 

"_"".- Iri~;rociv.chion 

The petrography of: rock   un i t s   du r ing  t h i s  study was con- 

f ined  to what was nesessar-y t o  id.entify %he types and s i z e s  of 

grains present  i n  order  t o  aid in the  environmental   interpred- 

a t i o n  of the  rock uni t s .   F igure  6 i i l u s t r a t e s  the  relativs 

frequency of occurrence of  s k e l e t a l  and  non-skeletal   grains  i n  

ctlrbonate depos i t i ona l   f ac i e s .  The petr0graphj.c  parameters 

present in the  measured s e c - t i o ~ s  are grapi1icall.y  poytrayed i n  

!'latee8 I t o  'VIII* 

' "-.- S~te:.atal G s a - i a  

The s k e l e t a l   g a i n s   i d e n t i f i e d  i n  the lovrer  San  Andres 

E'crmation i n   t h e   s t u d y  area have already  been  discussed  (see 

3@DY FOSSILS) Th.ese ske le ta l .   g ra ins   genere l ly   l ack  a l l  m7id- 

m c e  of t r anspor t  and abrasion,  Brachiopods  are commanly nct 

d i s a r t i c u l a t e d  and  almost a l l  ske le ta l   f ragments   a re  an&wlsr, 

!ience, l ove r  S m  Andres  deposition  zppears t o  have  been al.mou% 

e n t i r e l y   i n  Iow-energy  environments. 

PelobdF, 

The term  peloid  (Bathurst ,   1971) is used  to   denote   crypto-  

c rys t a l l i ne   aggrega te s  of  unknown o r i g i n  tha t  a re   sma l l e r   t han  

0.231m i n  diameter,  Peloids,.  especially  those  sugpestj.v.e of 

f e c a l .   p e l l e t   o r i g i n ,   a r e   v e r y   r a r e   i n   t h e  s-kudy area.  Yet they 

are  abundant i n  both modern  and many anc ien t   she l f   s e t t i ngs ,  

This  suggests  t ha t  peloid  boundaries  have become merged  and 

b lur red  beyond recognition  (BeaXes, 1965) probably  owing to the  

compaction o f  very  poorly  cemented o r  non-cemented  peloids and/ 
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o r  t h e   e f f e c t s  o f  pervasive  dolomit izat ion.  !?he term f e c a l  

p e l l e t   c l u s t e r  is used t o  denote small c l u s t e r s  of rcunded 

peloids,  which a t  l ea s t   supe r f i c i a l ly   r e semble  c i u s t e r s  o f  

f e c a l   p e l l e t s  found in  modern carbonate  environments. 

I n t r s c l a s t s  

h t r a c l a s t s  ( P o l k ,  1959 1 r e f e r  t o  fragments a f  p a r t i a l l y  

l i t h i f i e 6  czrbona'ce  sedinient  which &re in fer red  to have  been 

eroded from the  sea  bottom o r  adjacenY: t i d a l  flats (Blatt 

ei; a . l P  1972). I n t r a c l a s t s  may be i d e n t i c a l  t o  peloids  and 

are   opera t iona l ly   separa ted  by a 0,2mm boundary when no  evid- 

ence  of an i n t r a c l a s t i c  origin is present .  Such g r a i n s   l a r g e r  

than 0.2mm 2rc i n t r a c l a s t s ,  whereas grains smaller  than 0.2m 

are ps lo ids ,  I n t r a c l a s t s  i n  the s t u d y  a rea   a re  most commmly 

ro?mded to  very  sounded,  but angular Lo subangular p a i n s  arc? 

p resen t   i n   p l aces  (P owwsL 1953) 

".- O o l i t e s  

Ooiites  are  defined. as subspherical ,   sand  s ize   carbonate  

p a r t i c l e s  tha t  have concen t r i c   r i ngs  of  carbonate  surrounding 

a nucleus o f  a n o t h e r   p a r t i c l e   ( a f t e r  Blatt gi; .a, 1972). The 

term ' ' t rue' '  o o l i t e  i s  used i n  t h i s  s tudy   to   denote   an   oo l i te  

whose nuc leus   cons t i t u t e s   l e s s   t han  50% of   t he   pa r t i c l e .  The 

t e rm  " supe r f i c i a l "   oo l i t e  is u s e d   i n  'chis study t o  danote an 

o o l i t e  whose. nuc leus   cons t i tu tes  more than 50% of   t he   pa r t i c l e .  

Most tru.e o o l i t e s  i n  the   s tudy  area have  been r e c r y s t a l l i z e d  

t o  the   po in t  where the  r ings  are  rf i icroscopically  obscure . o r  

absent.  However, enough gn i ins  w i t h  c h m a c t e r i s t i c   c o n c e n t r i c  

.. 

rings are  avai lab le  f o r  i d e n t i f i c a t i o n   o f   o o l i t i c   r o c k   u n i t s .  
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True o o l i t e   n u c l e i  were  ind.eterminable,  Intrac3.asts9  quavtz 

g ra ins ,  a.nd Foraminifera   tes ts ; ,  i n  decreasing  order  of  abund- 

ance ,   a re   the  mos t  common n u c l e i  in super f i c i a l   oo l . i t e s .  

I Terrigenous GraiLs. 

Terrigenous  grains  (mostly  quartz and some f&lcispars) 

a r e   i d e n t i c a l  t o  the  ones  present  i n  the   q Ja r t z  arenk-tes o f  

the GLorieta  Sandstone IGember of t h e  Sari Andres  Purmation. 

. They were n o t e d   i n   r o c k   f a b r i c s  'that ranged from s l ight ly  sandy 

mttdstone t o   v e r y  mud-lean  wackestone,  Carbonate  rock  units 

t ha t  a r e   r i c h  i n  te r r igenous  grains loca,lLy  contain  rip-ups 

. and s u p e r f i c i a l   o o l i t e s  w i t h  qm.r tz  g ra in   nuc le i .  

P o r o s i Q  

Poros i ty   fn   the   carbonat9  member was desc r ibed   a f t e r   t he  

c lass i f ica t ion   of   Choquet te  and  Pray  (1970).  Calcium  carbonate 

mud ciepositsd i n  modern ca rbona te   s e t t i ngs   con ta ins   po ros i t i e s  

of 60 t o  70%s whereas  calcium  carbonate  mudstones  (tinciext 

l imestones)   general ly   have  porasi t ies  of a few per   cen t  a t  

most,  EaPly  cementation is thought t o  reduce  these d r y  high 

i n i t i a l   p o r o s i t i e s   t o   a b o u t  5 t o  10% and Late  stage  cementation 

to   e l imina te   the   remain ing   poros i ty .   Dolomi t iza t ion   ( resu l t ing  

i n   i n t e r c r y s t a l l i n e   p o r o s i t y )  (I &elec t ive   so lu t ion  of  carbonate 

g ra ins  o r  e v a p o r i t e s   ( r e s u l t i n g  i n  moldic  porosity),   formation 

of  f e n e s t r a e   ( r e s u l t i n g   i n   f e n e s t r a l   p o r o s i t y ) ,   f r a c t u r i n g .  

( r e s u l t i n g  f n  f r ac tu re   po ros i ty ) ,  and/or random so lu t ion  of 

ca rbona te   rocks   ( r e su l t i ng   i n  vugs and/or  channels) may increase  

poros i ty  in  rock   un i t se   bu t   l a te   s tage   cementa t ion   a l so  fre- 

quent ly   e l imina tes   these   poros i t ies .  Almost a11 former  porosity 
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%XI the  lower San Anfires, Formation in the  s tudy,  mea is now 

completely o r  p a r t i a l l y   f i l l e c i  with c a l c i t e  cement.  HoweverB 

spzrry  dolomite and quartz  cements were  observed  local ly ,  The 

dolomite  cements were only  noted f i l l i ng  fenes t rae  in supra- 

t i d a l  rock u n i t s ,  

The most common poros i ty   type  in the  lower  San Andres 5s 

dolomi te   in te rcrys ta l l ine   poros i ty iy .  Fossil- rnoldic po ros i ty  i s  

the  second  most  abundant  porosity  type,  Evaporite and o o l i t e  . 

nloldic poros i ty  ana vug and chmnel poros i ty   a re   on ly   loca%ly  

significant and are  completely or p a r t i a l l y   f i l l e d  with c a l c i t e  

cement, I n t e r -  aad  in t r spar t ic le   porcs i - ty  is r a r e ,   c a l c i t a  

f i l l e d u  and ch ie f ly   p re sen t  i n  the  undaform-edge sand f a c i e s .  

Interconnected  porosi ty  is pract ical ly   confir ied  to   dolomite  

in te rcsys taPl ine   poros i ty  m-d t h e  in-cer-  and i n t r a p a r t i c l e  por- 

o s i t y  of the  undaform-edge f a c i e s ,  These  porosity  types are 

allnost  without  excep‘tion f i l l e d  w i t h  c a l c i t e  cement i n  tho  study 

area. However, open poros i ty  is l ocz l ly   p re sen t ,  The petroleum 

potent ia l   o f   the  lower San  Andres i n   t h e   v i c i n i t y  of t h e  s tudy 

a rea ,   i n   t e rms  sf i n t e r c o n n e c t e d   p o r o s i t i e s   s u f f i c i e n t   f o r  

r e se rvo i r  development,  appears t o  be confined Lo I) undaform- 

edge   r ack   un i t s   i n fe r r ed   t o  be present  i n  the  subsurface in  

eastern  Lincoln and western Chaves Counties  (see PALEOGEO- 

GRAPHIC  Il’JPLICAJ”i’0NS OF STUDY) and 2) dolomitic rock u n i t s ,  

which a r e  most l ike ly   in te rbedded  w i t h  t h e  undaform-edge  rock 

u n i t s  
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CAREOMATE BIAGEWSIS 

In t roduct ion  .-. 
Most carbonate   rocks,   including  those '  o f  t h i s  study,  have 

been  profoundly  modified by pos t -depos i t iona l  or diagenet ic  

changes,   Cementation,  dolomitization,.   iron  sulfides and i r o n  

o x i d e s t   d e d o l o m i t i z a t i o n ,   s i l i c i f i c a t i o n ,  and  s%ylol i t izat ion 

3,re Lfle carbonate   d iagenet ic   fea tures   cons idered   in  t h i s  s-f;udy. 

_I Ccmentatioq; 

P rac t i ca l ly   no th ing  is known about  cementation i n  the  

matrix  of  mudstones  and  wackestones, Hcawever9 Recent  carbonate 

mud con ta ins   po ros i t i e s  of  60 Lo 70$-9 whereas  mudstones and 

wackestones  contain a t  most  only .a few per   cen t   poros i ty ,  The 

lower San kndres  Formation ilz t he   s tudy   a r ea   con ta ins  mudstone 

and wackestone  almost  entirely and  hence l i t t l e  emphasis was 

plsced on. ~cernentation  during t h i s  study, 

The study  of  carbona.te  cementation has genera l ly  betm 

focused  upon  =parry  calcite  cements.  Such  cements  were  noted 

in. t he   s tudy   a r ea  in molds  of  evaporites and carbonate   grains ,  

i n  vugs a.nd channels, i n  i n t e r -  and i n t r a p a r t i c l e   p o r o s i t y ,  i n  

f enes t r ae ,  and as f r a c t u r e   f i l l i n g   ( a f t e r  Choquette  and  Pray,. 

19'70). Only s p a r r y   c a l c i t e   c o n s i s t i n g  of equant   c rys ta l s  was 

noted in  t h e  2.00 Yiin  sect ions  of   the  carbonate  member examined 

during. t h i s  study e The equant   crystals   imply  precipi ta t ion 

from a range of poss ib le  waters whose end members a r e  conna.te 

subsurface  and  meteoric  phreatic  waters  (Folk, 1974). 

S p a r y  dolomite  and  quartz  cements  were  observed  locally. 

The dolomite  cements  were  0d.y  noted  f i l l ing  fenestrae in supra- 
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”- Dolomitizati.on 

Nost  lower San Andres  Formation  rock  units’  are  completely 

dolomitized ar.d many a re   pa r t i a l ly   do lomi t i zed ,  but l imestones 

are  1ocal.ly vsry impor tan t  ( f i g u r e  5 ) .  P r a c t i c a l l y  a l l  dnlo- 

mi’te c r y s t a l s   a r e  0 ,Or t o  0,OZmm i n  d izne ter  and a re   i n fe r r ed  

t o  have  formed  from origina.1 calcium  carbonate mead. Dolomite 

p o r e - f i l l i n g   c r y s t a l s   a r e   l o c a l l y   p r e s e n t  aqd a re   very   var i -  

ab le  in  s i ze   r ang ing  from  about 0.01 t o  0 . l O m m  i n  d iane ter .  

Btuurray (3.960) descr ibes  a very common sequence o f  s e l e c t -  

ive   do lomi t iza t ion   in   carbonate   rocks  wi th  both mud and g r a i n s ,  

which r e s u l t s  f rom  the  cannibal izat ion  of   locai   ca , lc i tc  Go form 

dolomite cry5W.i~ and   leave   in te rcrys ta l l ine   poros i ty i .  Extiriplea 

of a l l  phsscs  of t h i s  sequence  are   present   in   the lower San 

Andres  Formation  (figure 7 )  The most comnon phase of  the  

seqv.ence in  the  s tudy area is the  eompleie   select ive dolom3:tiz.- 

a t ion   o f  mud matr ices  and preserva t ion  orf c a l c i t i c   f o s s i l  frag- 

ments i n  most  dolomftes. The f i n a l   s t a g e s   o f  t h e  s e l e c t i v e  

dolomitiza.tion  process i n  t h e  fowes San Andres   usual ly   resul ted 

in the   l eaching   of   foss i l   f ragments  and the  formation of  N I O ~ C ? ~ ~  

poros i ty .  However, l e s s  commonly, echinoderms were dolomitized 

whereas   other   biot ics  were leached, 

Modern ca rbona te   t i da l  flats commonly contain  varying 

amounts  of  dolomite.  Supratidal f l a t  environments  produce  con- 

d i t ions   necesszry  f o r  sea-water   evaporat ion  to   the  point  

where dolomitizing  waters  are  produced. The heavy hypersal ine 

water moves down f rom  the   supra t ida l   sur face  and dolomit izas  
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(CIWMNG RI.MJCH) 
UrJ1-r 4 ) 

LIMESTWE - DOLQMiTE ' 

' a POROSITY (OfEd OK SPARRY ULCrrE FILLED) 

FIGURE 7 ' SEQUENCE OF SELECTIVE D a L a M l T I ~ A T l O N  

OBSERVED IN L6WEK 5AN ANOK€5 FOPS$- 
ATIopJ WITH EXAMPLES OF EACH PHASE. 

. . LET'r~ix5 REFER T O  RELATIVE hBUr4DkNCE 
' OF: D~FFEREW ? H P \ S E ~  < A =  ABU~~DANT , 

C* COIVIMW) R-C= RARE TO COMMON R=URE) I 

e .  

the  underlying  sediments  (Lucia,  1972) .  Vhether o r  not  the  evapor- 

a t i o n   r e s u l t s  i n  the  formation of preservable   evapori te& is depen.d- 

e n t  on cl imate .  The  Bahamas are i n  a t r o p i c a l   c l i m a t e  and evapor- 

i t e s ,  which are  probably  formed,  are  not  preserved  (Shiiln & a9 
1965) .  The Trucial   Coast is i n   a n  ar id  c l imat ic  zone and t h e  

formatior. of evaporites  accompanies  dolomitiza%ion  (Bebout and 

Maiklem, 1973) .  

The pa t t e rns   o f   do lomi t i za t ion   i n   t he  lower S a n  Andres a r e  

a ~ m o s t   e n t i r e l y   c o n s i s t e n t  with an  emergent  t idal-flat   dolomit-  

i z a t i o n  model: 1) %he g r e a t e s t  amount of Limestone is found a t  

Fox Cave,  which is the  only  section  lacking  reco&%izable supra- 
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t i d a l  o r   i n t e r t i d a l   f a c i e s ,  2)  conversely,  f o r  example, sunse t  

, has evidence of  four   separa te   per iods   o f   subaer ia l  t i d a l  f l a t  

deposi t ion and Bluewater one per iod I furthermore,  both sec t ions  

are  almost  completely  dolomitized.,  including some dolomite- 

cemented  sandstones, 3 )  a t  Hondop F o r t  Stanton, Fox Cave, and 

to a lesser ex ten t  Canning  Ranch9  normal  marine u n i t s   t e n d  t o  

be l imestones,   whereas   other   facies   tend t o  be dolomites, 4) 

, a t  Hondo Pox Cave,  and  Canning  ‘Ranch, the  upper pa r t s  of 

normal mm-ine rock un i t s   t end  t o  be do’Lomitic  and grade up i n t o  

pure dolomites, suggesting,,a  l imited  gravity  sinking o f  l a k e r  

penesal ine  br ines  was re spons ib l e   fo r  dolurnitiza’cioil, and 5) 

w i t h  only a few exceptions,   evidence o f  the  formes  piiesence  of 

evapor i tes  is found in   do lomi t ic  h o s t s ,  suggest ing t h a t  an  

increase  i n  the  Mg/Ca r a t i o  was due t o  t h e   p r e c i p i t a t i o n  of 

gypsum and anhydri te .  No ,canvincing  evidence f o r  a r eg iona l  

permeabi l i ty   o r  reflux model of do lomi t iza t ion  was recognized, 

The p a t t e r n s  of  do lomi t iza t ion  ape generally  incompatible wi th  

a l a t e r a l  movement of  dolomitizing  brines  hypothesis,   Deposit-  

ional. f ac i e s   con%ro l  of  dolomitization  sugges;ts that  it was an  

ear ly   d iagenet ic   p rocess .  

I ron   Su l f ides  and  Iron  Oxides 

thak 

. .  

Microscopic  hematite  pseudomorphs  after  pyrite  are  cornan 

i n  the  lower San dndres  Formation, In  the evapor i t i c   f ac i e s ,  ’ 

they a r e  usually  found as par ts  of red  rims tha t  form  the  outer 

por t ion  of anhydrite  nodule  molds, The pseudomorphs are found 

as widely  disseminated  individual   crystals  and c l u s t e r s  of i n t e r -  

grown c r y s t a l s   i n   t h e   c m b o n a t e  deposi,tionzJ. f a c i e s  of -this 
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btudy,  except the sup ra t ida l ,  some of t h e   i n t e r t i d a l ,  and the  

undaform-edge smd facies ,   Their   presence  suggests   reducing 

condi t ions   ex is ted  a t  or j u s t  below the  sediment-water  inter-  

face  pene~ontemporzneously with deposi t ion.  

__I DedoiomiLizatioB 

Dedolomitization was only  noted in one rock u n i t   i n   t h e  

s tudy   a rea .   Sunse t ,   un i t  XI. i s  th in ,   i r r egu la r ly   l amina ted ,  

J and has a f a b r i c   o f   c a l c i t e   c r y s t a l s ,  which a re   very  similar 

t o  pseudospar  calcite  from  the  neomorphisn  of  carbonate mud 

(Polk,  1965). A possible  d.edolomite  origin is suggested by a 

'number  of  textural  and s t r a b i g r a p h i c   c r i t e r i a .  The t h i n  Lime- 

s tone is i n  a sec t ion  that is p r a c t i c a l l y  a l l  dolomite   ( f igure 

5 ) .  The unit  is no t   un l ike  the underlying  laminated  dolomite 

rock   un i t ,  i f  d i a g e n e t i c   e f f e c t s  a r e  not considered. Fea%u.res 

Vjrpical of t h e   c l o t t e d  o r  "gr~mel-euse'~  dedolomite  texture of 

Evamy (1967)  are   presentx l) seve ra l  sharp, partial  rhornbo- 

hedra l  margins, 2 )  c a v i t i e s  pmtl.y f i l l e d  w i t h  apparent  blaoky 

calci te   (psuedospar   of   Polk,  1965?), bu t   l ack ing  par t ia l  mud . 

f i l l i n g s ,  and 3 )  dark c l o t s  within ind iv i ' dua l   ca l c i t e  cyystals. 

The c l o t s   a r e   s u g g e s t i v e  o f  or iginal   dolomite  rhombohedra. w i t h  

dark cen te r s ,  which are l i k e l y  t o  be the  produc-t of  dolomitiz- 

a t ion   o f  mud. T h i s  i n t e r p r e t a t i o n  i s  cons i s t en t  w i th  the   in fer -  

red  presence o f  an   o r ig ina l  mud-supported fabric. 

Dedolomitization can only  proceed a t  o r   n e a r t h e   e a r t h ' s  

sur face  (Evamy, 1967) .  The dedolomite  unit  is i n  an i n t e r t i d a l  

depos i t i ona l   f ac i e s ,  which is  s t r a t i g r a p h i c a l l y   e q u i v a l e n t  t o  

a wel l   deve loped   supra t ida l   fac ies  a t  Hondo. Th i s  s t r a t i g r a p h i c  
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se lec t iv i ty   s i lgges ts  a Permian  origin Tor  the  dedolomitieation. 

However, a Recent  origin  cannot be discounted on the   ava i l ab le  

evidence. 

I S i l i c i f i c a t i o n  

S i l j . c f f ica t inn  i n  'the lower S m  h d r e $  Formation i n  -the 

s tudy ares is r e l a t i v e l y  r~.ncommon. it O C C L I ~  as che r t   nodu lesp  

fossil r e p l a c i n g   s i l i c a ,  and pore-f i l l ing  chalcedony,   Chert  

nodules  are  most common in  -the lowery but  &.*re also very common 

i n  p a r t s  o f  the  upper and midd1.e carbonate  tongues.  Chert 

nodules   usua l ly   cons t i tu te   no  more than about 5 t o  lO$ of the  

' rock   un i t s  i n  which they  appear. They range  from,  coarse  sand 

t o  l a rge   cobb le   s i ze  in  dizmeter.   Biota,   especially  brachiopods,  

a$e  commonly s e l e c t i * e l y   p a r t i a l l y   s i l i c i f i e d  in  well developed 

normal  marine  facies.  Chalcedony is only common loc t i l ly  i n  

Canning  Ranch,  uniL 10. A13. chalcedony  found  (present i n  s i x  

out cf &ne  hundred th in  sec t ions  examined) was o p t i c a l l y   l e n g t h  

slow. 

Foss i l s   a r e   p re se rved  in  chert   nodules   in   dolomite  rock 

u n i t s  where t h e   b i o t i c s  have  been  leached  from  the  carbonate. 

This  proves t h a t  s i l i c i f i ca t ion   p receded   do lomi t i za t ion .  Henceo 

s i l i c i f i c a t i o n  must have  been an ear ly   d iagenet ic   p rocess ,  

'because of  the  evidence  a l ready  c i ted  (see  Dolomit izat ion)  %hat 

dolomi t iza t ion  i n  the  lower San Andres was an ea r ly   d i agene t i c  

process.  

S t s l o l i t i z a t i o n  

S ty lo l i t e s   a r e   abundan t ly   p re sen t  in t h e   s t u d y   a r e a , .  Many, 

if n o t  most,  bedding  planes i n  the carbonate member a re   a long  
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s t y l o l i t i z f d   c m t a C t s e  The s t y l o l i t e s  v a y  in. r e l i e f -  from 

about 4 inches to microscopic disnensions, with most amplitudes 

l e s s  .than about inch, 

Very t h in  red clay s e a s  a r e  almost'universally present  

along s tyol i - tes ,  However, much th i cke r   r ed  seams about 6 inch  

'thick were found in  the upper  carbonate tongue at 3ogl.e Done. , 

Charles Walker, formerly of *he New Mexico Bureau of Nines and 

Mineral  Resourceso  suggested -khat these thick re& seams m i g h t  

bo inso luble   res idues  left behind by the so lu t ion  o f  evapor i tes  

(pers. comm,, 1973). IIowewerP no  independent evidence sf 

evapor i tes  was observect in the  upper darbanate  tongue at BogZe 

Dome 
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EVIDENCE OF EVAPORITES 

Tntrod.uct.ion ' 

S.l;ratiTied  evaporites are of ten   assoc ia ted  w i t h  s h e l f  

carbonates  (Lucia,  19721, but  none are  recognize? in  the lower 

San Andres  Foxmation i n  t h e  s t u d y  area,  There is a l s o   b u t  

l i t t l e  evidence in  t h e  study m e a  of: the  former  presence  of 

evapor i tes   p r ior   to   %hei r   removal  by solui;inn,  Meteoric water 

commonly leaches  out any  eva,porites that  m a y  be present  i n  

rock un i t s ,   t he reby   f r equen t ly   r e su l t i ng   i n   ou tc rops  wi th  co l -  

l apse   b recc ia t ion   of  a typ ica l ly   do lomi t ic   hos t ,  i f  s t r a t i f i e d  

evapor i tes  had been p resen t l  and molds   o f   evapor i t ic   c rys ta l s  

of nodules  (Lucia, 1972). Brecc ia t ion  in -  the   s tudy   a r ea  is. 

local, .   small   scale,  and nut demonstrably due Lo the   l eaching  

of evapor i tes .  Hovmver, t h e r e  is  l o c a l  evid.ence of s a l i n i t i e s  

high enough t o  form  evaporite  minerals,  Evidence of the  former 

presence  of  evaporites in  the   s tudy   a r ea   cons i s t s  o f t  1) com- 

mon t o  abundant  occurrences o f  molds, which a& the   so lu t ion  

products  of  former  nodules and which shall henceforth he termed 

anhydrite  nodule molds ( f i g u r e s  l 3 B ,  14)p 2) rare occurrences of 

e v a p o r i t e   c r y s t a l  molds,  and 3) rare   occurrences of o p t i c a l l y  

length-slow  chalcedony. The very  l imited  evidence  of   evapori tes  

in the  lower San Andses i n  the  study  area  coupled w i t h  t h e  a r i d  

c l imate   in fer red  f o r  Permian t h e  sugges t s   su f f i c i en t   wa te r  c i r -  

cu la t ion   t o   p reven t   t he   p rec ip i t a t ion  of s t r a t i f i e d   e v a p o r i t e s .  

Anhvdrite Nodule Kolds  

Najor occurrences o f  anhydrite  nodule molds are p r a c t i c a l l y  

always  confined t o  do lomi t ic   hos ts  which are  almost -to completely 
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barren of b i o t a b   b u t  lack a l l  inndica'cion  of subae r i a l  exposures 

such as f e n e s t r a l  fabric, mud cracks,  algal mats , and .abrfidant 

i n t r a c l a s t s ,  The except ions t o  t h i s  a r e  a,s follows,  There 

a r e  a few occurrences o f  anhydr i t e   nodu le   no lds   i n   sub t ida l  

f a c i e s   o v e r l a i n  by s u p r a t i d a l   f a c i e s ,   b u t  i n  almost  each  case 

t h e   s u p r a t i d a l   f a c i e s  i t s e l f  i s  f r e e  of evidence o f  evapor i tes .  

T h i s  suggen'cs 'the p o s s i b i l i t y  that evapori te   nodules  may have 

formed subaqueously p ~ i o r  to   t he   adven t  o f  s u p r a t i d a l  cond.it- 

ions.  Only one occurrence sf' anhydrite  nodule  molds  intimately 

assoc ia ted  wlth emergent  desiccation  feaW.res was found (Canning 

Ranch, unit 10). Anhydrite nodule molds in a laminated,  unfos- 

s f l i fe rous  l imestone  host  were  found i n  Fox Cave, u n i t s  10 

(figure 34A) and 24. Some wsre  noted in a few  rock  uni ts  with 

a normal  marine  biota.  ere the anhydrite  nodule  molds  increased 

in r e l a t i v e  abundance upward i n   t h e   u n l t s I   s u g g e s t i n g   f o r m a t l o n  

from  hypersaline  brines,  which  were concen t r a t ed   du r ing   l a t e rp  

more rest;rictsd  environments of deposi t ion,  

No gypsum o r   a n h y d r i t e   c r y s t a l s  'or addu.les a r e  preserved 

in 'the s3xdy area.  Most cavi t ies   or   former  cavi t ies   of   evapor-  

i t e  nodule   o r ig in   a re  now par'kially or  comple t e ly   f i l l ed  with 

c a l c i t e   ( s i i i c a  in  one rock unit) and few w e  completely empty. 

Anhydrite nodules in  t h e  San Andres  Formation i n  the subsur- 

face (llkwray, 1960, p. 517, f igu re  4 )  appear a t  l e a s t   s u p e r -  

f i c i a l l y  similar t o  most o f  the  anhydrite  nodule molds  noted 

in  tine s tudy  area.  Anhydrite nodule  molds in   the   lower  Sari 

Andres  Formation  range f r o m  about 1/16 t o  2 inches i n  diameter. 

Rarely,  a few  nodules appear t o  have  coalesced  to   form  ver t ical  

fea tures   about  6 t o  8 inches   long   ( f igure  l I J . R ) ,  Evidence o f  

~ ~~ 
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the   calci t ized  replacement   of   anhydxi te   nodules  was sought 

i n  e igh t  t h in  sec t ions  and about   tventy  pol ished slabs con- 

taining  anhydrite  nodule  moldse  but %he c h a r a c t e r i s % i c   c a l c i t e  

c r y s t a l  morphology and inc lus ions  of small dolomite   crystals  

were.not  recognized. 

Most anhydrite  nodule molds in  the s tudy   a r ea   a r e  char- 

acte:cized  by  Lobate o u t l i n e s   [ f i g u r e s  130, I&.A), i n t e rn&  sep ta ,  

and r e d s   h e n a t i t e  rims ( f i g u r e  14.4) forming  the  outside o f  the 

roclds. Lacia  (1972) r e p o r t s  t h a t  rarely,   evaporite  nodules  have 

a r ec t angu la r   ou t l i ne  with s t r a i g h t   s i d e s .  Such  anhydrite nod- 

u l e  molds  were  noted i n  a sanple Prom F ~ r t  Stanton,  mit 22, 

Anhydrite  nodules i n  a core slab from the  S a n  Andres  Formation 

of  west  Texas were observed by the  author  'bo c o n t a i n   p y r i t e  

Tins (pyri-te is zlsed In a gener ic   sense   in  t h i s  study t o   i n c l u d e  

marcas i te ) .  The hematite rims forming  the  outside  of  most 

anhydrite  nodule molds i n  tine stuey m e a  most likely represent  

similar pyr i t e   p rec t ,mxmp which  were la ter   oxidized.   Hemati te  

rims a r e  almost always v e r y  t h i n  wi th  respec t  ta  the   nodules  

in which they  appear,   except  in  Sunset,  u n i t  15,rvhere anhydri te  

nodule  molds are   completely  to   a lmost   completely  f i l led wi th  

hematite 

A r e l a t i v e l y  few  rock  uni ts  have c a l c i t e - f i l l e d   p o r e s  or 

former  poresr  which  have  the general aspec t  of anhyd.rite  nodule 

molds,   but   lack  red rims. These  pores  have lobate o u t l i n e s ,  

i n t e r n a l   s e p t a ,  are assoc ia ted  with the  same types of sediment 

hos t s   a s   r ed  rimmed nodule  moldsp and hence  probably  are  anhyd- 

r i t e  nodule  molds, Red rimmed and unrimmed anhydrite  nodule 
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molds  were  never  observed  together  in  the same r o c k   u n i t  i n  t h e  

study  area.  Geochemical  considerations o f  ‘pyri te   formation 

(Berner,  1971)  suggest,.by  the  process  of  elimination, t h a t  iron 

concentrat ion o r  r e a c t i v i t y  was p robab ly   t he   l imi t ing   f ac to r  

i n   py r i t e   fo rma t ion  i n  the  anhydrite  nodule molds l ack ing  hem- 

a . t i t e  rims. However, n.0 camriming  explanat ion has emerged  from 

t h i s  stlJdy t o  explain  the  absence of hematite rims i n  these  

probable  anhydrite  nodule  molds. 

-@rite Crsstal Molds 

Evapor i t e   c rys t a l  molds i n  the  lower San Andres  Formation 

app”ar scarce xnd most  appear -to o r i g i n a l l y  have  been gypsum 

c rys t a l s .   Evapor i t e   c rys t a l  mol& are  recognized by s t r a i g h t  

s i d e s  and rectangular   re-entrants   (Lucia ,   1972) .   Calci te-f i l led 

molds a r e   p r e s e n t   i n  a calci-be  host  i n  F o r t  S t an ton ,   un i t  11. 

Empty molds a re   p re sen t  in a c a l c i t e   h o o t  a t  Hondo, 

u n i t  8 .  These empty molds are   confined t o  i a y e r s  a.bout i inch 

th i ck ,  which a r e   i n t e r s t r a t i f i e d  wi th  layers   about  1%- inches 

th i ck   cons i s thg   o f ’   poss ib l e   c ryp ta lga l .   l amina te s   ( f i gu re  l3A) 

h few  molds a re   conf ined   to  a burrow i n  a doiomitic  normal mar- 

ine   rock   un i t   (Fo r t   S t an ton ,   un i t  13) .  No Lath-shaped mclds . .  

t y p i c a l  of anhydr i t e   c rys t a l s  were  found i n   t h e   t h r e e   a f o r e s a i d  

occurrences .   I theevapor i te   c rys ta l  molds  most 1 , ike ly   represent  

o r i g i n a l  gypsum c rys t a l s .   Ca lc i t e - f i l l ed  molds suggestixre of 

t he   , f ab r i c  formed by the  displacive  growth of anhydr i t e   c rys t a l s  

(Shearman and Fu l l e r ,  1.969) were  only  noted i n  a Product id  

brachiopod  from  Fort   Stanton,  unit  23, 
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Length-SLow Cha.lcedony_ 

The presence of optically  length-slow  chalcedony is  sug- 

ges t ive  of p r e c i p i t a t i o n  from  hypersaline  brines  (Folk a n d  

Pi t tman,  1971). A l l  chalcedony  noted in  th.e study  area  (found. 

in s i x   o u t  of  one  hundred’ th in  sectiomexamined) i s  o p t i c a l l y  

length-sl.ovr, suggest ing fornat ion f r o m  hypersal ine  br ines .  Most 

of the chalcedony filIs,,pores, but on9 occurrence was noted 

coa t ing   evapor i t e   c rys t a l  molds in a burrow h Fcr t   S t an ton ,  

u n i t  13. 

non-evaporitic -Former 

The presence o f  length-slow  chalcedony.in a rock u n i t  is 

an ambiguous c r i t e r i o n  to i n f e r  an evapor i t ic   depos i t iona l  

h i s t o r y  i f  used  alone, Optical-1-g length-slow  chalcedony may 

form in   semi-ar id  s o i l s  such a s   t h o s e  i n  c e n t r a l  Nevi Mexico 

today. And the   hypersa l ine   b r ines   recorded  by the  presence  of 

length-sl.ovr chalcedony may not   have  or iginated near t h e  rock 

u n i t s  where i-t is noted. Th’k i a i r  explana t ion  f o r  t h e  

length-slow  chalcedony i n  the study  area  carmot be discounted 

because s t r a t i f i e d   e v a p o r i t e s   a r e   p r e s e n t  in  the   over ly ing   upper  

San kndres   in   the  stu.dy a rea  and i n  t h e   s t r a t i g r a p h i c a l l y  equiv- 
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CARBONATE DEPOSITIOIIAL FACIES 

1ntrod.uction 

Wilson  (1970)  outl ined  an  idealized scheme of  carbonate 

environments  follorri.ng a pattern  widely  developed in  the  geologic  

recoyd  ranghg  from open  deep ma'rine t o  evapor i t ic   shoreface  

environments. The carbonate  envkonments  inferred. t o  have  been 

respons ib le  f o r  d.e$osiCion  of t h e  carbonate member of  t h i s  

s k d y   a r e  a.pproximately  equivalent  to  the  folZowing  five  of 

Wilson* s general   shelf   deposit ional  environments I I) ' t idal 

s h e l f   f a c i e s ,  2) winnowed p l a t f o m  edge sands, 3 )  open  marine 

pla , t form  facies9 14) f ac i e s   o f   r e s t r i c t ed .   c i r cu la t ion  on marine 

platform, end  5 )  pla t form  evapork te   fac ies   ( f igure  25) 

Figure 6 i l l u s t r a t e s  the  est imate   of   re lz t ive  f requency 

of  occurrence  of  carbonate  parameters  within  the  carbonate 

depos i t i ona l   f ac i e s   d i scussed  in t h i s  sec t ion ,  Pla.tes IX and 

X and f i g u r e  8 i l l u s t r a t e   t h e   l a t e r a l  and v e r t i c a l   d i s t r i b u t i n n  

o f  carbonate   d .eposi t iona1  facies  in  t h e  s tudy  area, .  

TZdal F l a t  and  Lagoonal EnvApnLtem 

The t i d a l  f l a t  en5rironment is the  most common shore l ine  

environment i n  modern carbonate   set t ings  (Lucia ,   1972) .  About 

55$ of the  carbonate member of %his  s tudy is i n t e r p r e t e d   t o  have 

been  deposited in a t i d a l  f l a t  andhlagoonal   set t ing.  The t i d a l  

f la t  environment may cor respond  to   e i ther   Wi lson ' s  (1970) 

r e s t r i c t e d   c i r c u l a t i o n  on a marine  platform  (non-evaporit ic) 

environment o r  p la t form evaporite  environment,  Nan-evaporitic 

t i d a l  f l a t  and l agoona l   rock   un i t s   cons t i t u t e   abou t  35% and 

evapor i t i c  t i d a l  f l a t  and  lagoonal rock un i t s   abou t  20$ of  t h e  

shallow 



U.W. 1589/1 .-:. 
Specimen 

Specimen 
U.W. 1589/2~+ , . 

Supratidal  Depositional Facies 

Figureq A, Sunset,  unit 472 brecciation  probably  due to solution of evapor- 
ites o r  intense  desiccation. 

r( B. Bogle  Dome,  unit 26: dark makses are digitate  stromatolites (D). 
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of  the  carbonate  member o f  the  lower  San And.rus i n   t h e   s t u d y  

area.  

Climate and physical.  setting  determine  which of the  two 
. ,  

t i d . a l  f l a t  end-members will dominate i n  a given  area ( K i n s m a n ,  

1969). The presence  af  bedded  evaporites  in  the  upper Yeso 

Tida l  f l a t s  are comonly separa,"ked in30 th ree  majm sub- 

environrflents on the  basis of -- t i d a l  f l u c t u a t i o n s &  the 

suprat idal ,  i n t e r t i d a l ,  and s u b t i d j l  sub-environments, The 

mwine  environment is the  main source  of  sediment  deposited on 

the  t i da l  Ylat. Sediment is c a r r i e d  onto  .%he t i d a l  f1a . t  by . 
. .  

t i d a l  and  storm  currents,  If t h e  r a t e  of sediment  accumulation 

is g r a a t s r  than  r e l a t i v e   s e a - l e v e l   r i s e ,  %hen the  tidal. f l a t  

w i l l  prograde  cut.   Consequently,   subtidai  deposits would be 

over la in  by i n t e r t i d a l   d e p o s i t s ,  which would i n  t u r n  be  over- 

la in  by supra t ida l   depos i t s .  Two types  o f  f l o w   o f t e n   r e s u l t  

i n  a topography of flats and channels :   regular  on- a i d  o f f l a p  

of t i d e s  and funnel ing o f  ?;ides into channels,  Channels may 1 
be found i n  a l l  three  sub-environments  of t ida i  f lats i n  non- 

a r i d  s e t t i n g s ,   b u t  a r e  r a r e  i n  a r i d  s e t t i n g s  (Roehl, 1967). 

Formation i n  t h e  s tudy  a r e a p  in  the lower  San  Andres  Formation 

west  of the study area ,  arid in t h e  upper S a ?  Anndres in the study 

area   sugges ts  a uniformly arid. cl imate   during Late Yeso and 

%hroughou-b Sa.n Andres t ine Therefore physical se t%ing  

appears t o  have largdy conh'ol led  eva9ori te   formation i n  S a n  

Andres seas. 

Both non-evaporit ic and evapor i t i c  t i d a l  

f lats s h a r e   c e r t a i n   b a s i c   f e a t u r e s  i n  modern carbonate   se t t ings .  
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Non-l?hraDori.tic T i  da.3 F l a t  a-oAgl Facis-2 

The non-evaporit ic t i d a l  f1a.t and lagoonal   facies   of  t h i s  

s tudy   cons is t s  mos'i2.y of shallow  sub5ida.l  deposits wifh only 

small amounts  of s u p r a t i d a l  o r  i n t e r t i d a l  depos i t s .  

Supra t ida l   Fac ies  

The supraLidaL f a c i e s  of this study ( f i g w e s  9 and 1OA) 

c o n s i s t s  o f  t - l da l  f l a b  caxbonates d.epasited  above olean high- 

t i d e  and consequently  suime?ia.lly exposed. f o r  long   per iods  of 

time  betw&n spring and/or s % o m   t i d e s ,  which occasional-ly 

inundated them. This  fzrcies makes rlp only  about 276 o f  t h e  

cmbonate  member, The s u p r a t i d a l   f a c i e s  has been recognized 

i n  the   s tudy   a r ea  bjr the   presence OS vcirious  combinations o f  

the  following  ernergent 'desiccation  featuxeso 3, )  f e n e s t r a l  

f a b r i c ,  2! eLtd .c:ea.cksp 3 1 abundant   intraclasts ,   and 4) brec- 

ciatLon. The fol lowing  rock types, in order  of decreasing 

r e l a t i v e  abundance, a r e   c h a r a c t e r i s t i c  o f  t he   sup ra t ida l   f ac i e s8  

1) i n t r a c l a s l i c  s l ight ly  f o s s i l i f e r o u s  t o  un foss i l i f e rous  

mudstones  ,and  mud-rlch  wackestones, 2) unfossi l . i ferous mudstones, 

and 3)  i n t r a c l a s t i c   g r a i n s t o n e s .  

I n t e r t i d a l   F a c i e s  

The i n t e r t i d a l   f a c i e s  of t h i s  s t i ~ d y  ( f i g u r e s  1013 and 21.G) 

consis ts   of   carbonates  t h a t  were deposited  between  daily mean 

high- and  low-tide, and hence,  were  daily  subjected t o  inundat- 

ion  and  emergence. Th i s  f a c i e s  makes up  about 2% of the  car- 

bonate member, 

The s u p r a t i d a l   f a c i e s  is environmentally much more d i s -  

t i n c t i v e  t h a n  t h e   i n t e r t i d a l   f a c i e s  and  normally direc-t%y over- 
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Figure 10 A. 

i .  .) 
B. 

Supra t ida l  and In t e r t i da l   Depos i t i ona l   Fac ie s  

Supra t ida l   f ac i e s  .(Eondo. u n i t  6) s mudcrack  polygons (Wm) with 
i n t r a c l a s t s  between  polygons, (B), l aye r   w i th   f enes t r a l  fabric i n  
packstone (F) , layers of abundant  rounded in t rac las t s   (packs tone  
and gra ins tone)   (1) .  
I n t e r t i d a l   f a c i e s   ( S u n s e t ,   u n i t  10): 
lower 3: f a i n t l y   r i p p l e d  mudstone 
upper 4 1 .  fenestra?. fabric i n  mudstone (F) ,   scour  (S), leached 

oncol i te  (01, fossil   hash  in  laminae  (mud-lean wacke- 
s tone  to   packstone)  (H) e 
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l i e s  it. Henceh $;he b e s t  way -to r e c o g n h e  in te r t ida l  deposi’ts 

i s  often t o  first find the su.pratidaL fac i e s .  Howevers i- t  is 

p o s s i b l e   t o  h.ave no in - t e r t i da l   depos i t s  below a supra t ida l  

facies, ,  and no s u p r a t i d a l   f a c i e s  over  an inter%LdaL depos i t ,  

The t i ca l  range might have  been  very small and ‘the t i d a l  e f f e c t  

essentLaul3-y absent  or an “abrupt“ r e l a t i v e  f a l l  in s e a   l e v e l  

might have r e s u l t e d  i n  suFratidal depos i t s  be%ng underlai.n by 

sub t ida l   depos i t s ,  And supra t ida l  d e p s i ‘ t s   n e e 6   n o t  always 

pregrade   bver   in te r t ida l   depos i t ss .  Hence, care must be exer- 

c i sed  in idcntiJ3riiig i n t e r t i d a l   d e p o s i t s  s o l e l y  by the  use of 

sup ra t ida l  rock u n i t s ,  

It is f r e q u e n t l y   d i f f i c u l t  t o  d i f f e r e n t i a t e  low i n t e r t i d a l  

from  res-kricted  marine  deposits.   Shallow  subtidal  sediments 

a re   t r anspor t ed  ‘to -$he i n t e s t i d a l   e m i r o n m e n t  by storms and 

t i d e s   r e s u l t i n g  in s imi la r   sed imentary   fabr ics  i n  sa.ch environ- 

men?; (Roehl,  1967). Laporte (Y$67) handled t h i s  d i f f i c u l t y  

by using i n t e r t i d a l  t o  “d,ennte a sedjinentary  regimen t h a t  is 

rcguularrly and per iodica l ly   f looded  by marine  vrater f o r  an 

unspeeif ied durationD“ Hence his i n t e r t i d a l   f a c i e s   a p p e a r s  

t o  include a t  least some of  t h e  s u b t i d a l  f a c i e s  of t h i s  s t u d y .  

The i n t e r t i d a l   f a c i e s  was recognized in  the  study area by 

the  presence of  s l igh t ly  desiccated t o  undcsicaated  cryptalgal  

laminates  and algal s t roma, to l i tes  o r  by posi t ion  underneath 

sup ra t ida l   depos i t s  i f  shrir&&e cracks or many gastropods were 

present .  The fo l lov&g  rock   types   a re   charac te r i s t ic  of the  

i n t e r t i d a l   f a c i e s  i%l .the s tudy  area:  I) cryptelgal laminate 

o r  algal s t roma to l i t e  bounds-tone 2) gas-tropod mud-rich wacke- 
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stone,  and  3 )  a l t e r n a t i n g  Iauiinze of pe lo ida l  mudstone and 

pel .oida1,   fosei l i ferous mud-lean waclrestone t o  packstone, 

Restr ic ted  Subt idal   (Lagoonal)   Facies  

The s u b t i d a l   f a c i e s   ( ' t h e   i n f r a t i d a l  of Roehl, 1967) con- 

sists of t i d . a l  flat and. lagoonal   carbonates  that were deposi ted 

below daiLy .mGa?z low-tide levels but  mighC have  been subae r i a l ly  

exposaii. &ring  extreme  spring and s torm t i d e s .  Two sub- fac i e s  

are  recognized i n  t h i s  studjr. The r e s t r i c t ed   mar ine  fac:ies, 

which was probably  deposi-bed i n  t i d a l  f l a t  and  lagoofial  environ- 

ments  and is d i s c u s s e d   i n  t h i s .  sectLon and the  normal marine 

f a c i e s ,  which is: discussed in t h i s  repor3  as a separate  major 

env'ironaent . 
The r e s t r i c t e d   m a r i n e   f a c i e s  o f  t h i s  study ( f i g u r e s  ll and 

322) includes  the  "open  marbe  platform  facies"  aqnd p a r t  of 

t h o  " r e s t r i c t e d   c i r c u l a t i o n  on a marine platform facies" of 

Wilson  (1970). 1% consists of carbonates   depos i ted   in  s. sub- 

.tidal environment,  which was not  conducive  to  the  development 

or  su rv iva l   o f   b io t a   i n fe r r ed  t a  require normal marine condit-  

i0n.s. The r e s t r i c t e d   m a r i n e   f a c i e s  makes up  about 35% of the  

carbonate member. 

Two sub-facies  of  the r e s t r i c t e d   m a r i n e   f a c i e s  are recog4 

n lzed ,  namely u n f o s s i l i f e r o u s  and foss i l i fe rous   sub- fac ies .  

The m f o s s i l i f e r o u s   s u b - f a c i e s  i s  e s s e n t i a l l y   b a r r e n  of a l l  

b i o t a  and may represent   physical-chemical   precipi ta t ion of 

carbonate  minerals i n  a penesaline  environment,   Unfossil ifer-  

ous mudstone and quar tz  sand rnudstone t o  mud-lean  wackestone 

are t h e  c h a r a c t e r i s t i c  rock  types.  The foss i l i fe rous   sub- fac ies  



A 

Burrows 

Figure I I 

in  the  Res t r i c t ed  Marine  Depositional  Facies 

Bluewater ,   uni t  32: mud-lean  wackestone  bur- 
rows (C), mudstone hos t  
A, "Cruziana"  type  burrows 
B. nCruzianan type  burrows which, at l e a s t  

super f ic ia l ly ,   appear  t o  be p a r t  o f  a 
l'Callianassam-"AIDheus" type burrow  net- 
work (mechanical  pencil ,  M.Plip, is & inch 
i n  diameter) _. 
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A _.’ 
Specimen 

U . W e  1589/7 

Res t r i c t ed  and Normal Marine Depositional.  Facies 

Figure 12 A ,  Rest r ic ted   mar ine   fac ies   (Sunse t ,   un i t  43): 

E. Normal marine facies  (Cannin Ranch, u n i t  
abundant fossi l  debris  (wackestone) 

9 ) :  abundant  Productids (PD 7 and i n t r a -  
p a r t i c l e   p o r o s i t y  ( P )  
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contains  only b i o t i c   t y p e s  which are i n f e r r e d  t o  be t o l e r a n t  

of  such  adverse  enviromental  conditions as abnormal s a l i n i t y ,  

g rea t   tu rb id i ty ,   ex t reme  temperz ture   var ia ' t ions ,  o r  s-icagnation. 

Hencep y e s t r i c t e d  )marine does  not  imply that abnormal sa l in -  

i t i e s  were &on responsible,   al thotlgh  they commonly play a 

dominant r o l e  i n  ':he Recent (e .g .  Persiari Gulfs Clmke and 

Keij I 1973) e The arid c l ima te   i n fe r r ed   f a r  lower San  Andres  time 

suggests  t h a t  abnormally Pow s a l i n i t i e s  ware unLlBe1-y. Toler- 

ant fauna   genera l ly   represent  a lowered  species  diversity  than. 

normal. marine  assemblagzs, but the number of  individuals  can 

very g r e a t l y  (Laporte  1967) 

A l l  of t h e  follow2.ng c r i t e r i a  were req:uiued f o r   i n c h s i o n  

of rock   un i t s  within t h e   r e s t r i c t e d  mmizzs f a c i e s  0% this s tudyt  

I) l anfoss i l i fe rous  at i f  f o s s i l i f e r o u s ,  then only ~ s t r x ~ d s ,  

Formin i l e ra ,   gas t ropods ,  and/or  pelecypods a r e  present ,  2 )  

absence of  b i o t a   i n f e r r e d  tu reqaire  normal  marine  conditions 

f o r  l i f e ,  3 )  absence of i n t e r t i d a l  or supra t ida l   charac te r -  

i s t i c s ,  and &) evidence  of  evaporites is absent  ( o r  ra re ,  i f  

common to abundant i n   t h e  oTrerlying u n i t )  a Gaographica.lly, 

the  res t r ic ted  marine  environment   in  modern ca rbona te   s e t t i ngs  

corresponds  to  open m.d cut-off lagoons, straits, bays, and 

cut-off  ponds  (Wilson, 1970). 

Fvaaor i t ic  T i d a l  F l a t  and Lapoonal  Facies 

In t roduct ion  

The absence o f  s t r a t i f i e d   e v a p o r i t e s  or convincing  evid- 

ence  of t h e i r  former presence  in the  s tudy  area  precludes a 

phys ica l   s e t t i ng   du r ing  E a r l y  San Andres 'time  conducive t o  the  
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sedimentation of bedded  evaporites  out  of a s tanding  body of . 

water. The Limited  evapori t ic   features  Pound. in  the  rocks of  

t h i s  study are of the  type  produced by p r e c i p i t a t i o n  from 

in t e r s t i t i a l   wa te r   w i th in   s ed imen t  and hence  reLpresent a dia- 

gene t i c ,   no t  a sedimentary  environment.  These  features  sug- 

gest   the   presence o f  hypersaline  water  "within"  the  sedixent.  

Hypersaline  water  "within"  sed.iment  occurs  associated wi th  

hypersaline  bodies of  walei- o r  is found  under  supratidal 

f la ts  (Lucia,   1972).  

IfloBern Sabkha  Environments 

The best  studied  environment in  which evapor i t e s   a r e  

precipi ta ted  within  carbonate   sediments  i s  the  coa.sta1 sabkha 

o r  sa l t  f l a t  of the   southern   Pers ian   Gul f ,   espec ia l ly   the  

Trucial   Coast (Kinsman, 1969).  Sabkhas are   exposed,   level ,  

sa l t -encrus ted   sur faces  that  are   only  occasional ly   inundated.  

Sedimentary  evid.ences  of  emergence  and  desiccation  are  abundant 

(Kinsman, 1969; I l l i n g  & 1965; C u r t i s  & 1963s S h i m ,  

1968b) e ' The  two components  of sabkha d k g e n e s i s   w e t  1) i n t e r -  

s t i t i a l  p r e c i p i t a t i o n  o f  evapor i t ic   minera ls   wi th in   the   hos t  

sediment, 2 )  changes in the  h o s t  sediment  such as dolomit izat ion.  

Elraporites w e   r e s t r i c t e d   t o   t h e   u p p e r   l e v e l s  of t h e  sabkha 

because  the  major  recognized mechanism of   br ine  concentrat ion 

is evapor i t ive  pumping of i n t e r s t i t i a l   f l u i d s  upward t o   t h e  

sab a surface.   Dolomit izat ion may extend in  depth as dense 

br ines  move downward and  seaward ,through the  sediment.  Sabklla 

anhydri te  i s  typ ica l ly   nodular .  Gypsum c rys t a l s   i n   t he   uppe r  

4 t o  5cm of   the sablrha are replaced & SLt. by anhydr i t e   r e su l t -  

i n g   i n  pseudomorphs. The pseudomorphs l o s e   t h e i r  shape in   t ime 

4 



ending up as variously  shaped  anlrydri-te  nobles.  A f o s s i l -  

ized saibka will not   necessar i ly   conta in  a l l  minerals  o r  even 

tra,ces that  developed  during  ear ly   diagenesis .   Precipi ta t ion 

of d iagenet ic   a ragoni te ,  gypsum1 and anhydri te   increases   the 

Mg/Ca r a t i o   r e s u l t i n g   i n  the penecontemporaneous  pre- 

l i t h i f i c a t i o n   d o l o m i t i z a t i o n  of fine  grained  sediments  (Kins- 

man, 1969)  e 

h 
h 

There i s  a spectacular  development o f  i n t e r -k ida l   a lga l  

mats along many inner  Xagaon shores  in the  southern  Pers ian 

Gulf. They are absent  on more exposed p a r t s  of  the coas t .  

Small 3-enticular gypsum c r y s t a l s   s c a t t e r e d  wi%hia t h e   a l g a l  

mats and underlying  sediments are* a p p a r e n t l y   c h a r a c t e r i s t i c  

:xt i n t e r t i d a l  zone  dia.genesis, The gypsum c r y s t a l s   a r e  f l a t -  

tened in the  plane  approximately normal t o  tho c-crys ta l  axis. 

Consequently,  these  crys%a.ls  typically  have  lozenge sha.pes .in 

cross-sec t ion  (Shearman, 1.966). 

Origin  of   Evapori tes   in  Lov1er San Andres  Formation . .  

A sabkha-l ike  or igin f o r  t he   evapor i t e  molds in the lower 

San Andres  Formation in  the   s tudy   a rea  can only be invoked f o r  

'some of the   evapor i t ic   rock   un i t s   p resent ,   Supra t ida l   shr inkage  

cracks are in t imate ly   assoc ia ted  with anhydrite  nodule  molds 

only in  the upper p a r t  of Canning  Ranch, u n i t  10. And th ree  

sup ra t ida l  rock units a t   S u n s e t  axe  underlain by anhydri te  

nodule  mold-bearing u n i t s ,   b u t  no  evidence o f  evapor i tes  is 

present   wi th in   the   supra t ida l   rock   un i t s   themselves .  Some 

apparent gypsum c r y s t a l  molds are s c a t t e r e d  within poss ib le  
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cryptalgal   laV,inates   suggest ing  interLidal  zone d iagenes is  

(Shearman, 19663 f igu re  l3A of t h i s  s tudy) .  

Idany evapor i t i c   rock   un i t s  in the  s tudy   wea   a re   incon-  

s i s t e n t  w i t h  a sabkha-like  0rigi.n. They most commonly  show 

L i t t l e  t o  no  evidence o f  subaerial   exposure  e i ther :  1) wi th in  

the  r o c k   u n i t s e  2) above  the  rock u p i t s  p r i o r  t o  the   deposi t -  

ion o f  non-evaporit ic marine rock uni ts ,  o r  3 )  adjacent  t o  t h e  

rock u n i t s   a t   e q u i v a l e n t   o r   s t r a t i g a p h i c a 3 . l y  sligk-kly higher 

l e v e l s  i n  nearby  measured  sections, The only two occurrences 

of  mhyd;lite  nodule  molds i n   c a l c i t e  showing no evidence  of 

do lomi t iza t ion  o r  of dedo1omitiza:tion f a i l  t o  suggest a sablrha- 

l ike   o r ig in   because   do lomi t iza t ion  o f  limy sediment   typical ly  

k k e s   p l a c e   c o n c u r r e n t l y  wi th  t h e   p r e c i p i t a t i o n  of evapor i tes  

in  modern sabkhas (Bebout and Maiklem, 3.973). 

The Sack o f  emergent  desiccation  features i n  most evzpor- 

i t i c   r o c k   u n i t s  i n  the  s-ixdy a r e a  may be explained i n  several. 

ways: 1) subaqueous  origin o f  d iagenet ic   evapor i tes ,  2) removal 

of  emergent  features by e ros ion ,  and 3 )  source of b r ines   ou ts ide  

of the  lower San Andres Formation i n  the  s tudy  area.  

A s t rong  bias e x i s t s  in modern carbonate  sedimentology  in 

favor  o f  a sabkha   o r ig in   fo r   evapor i t e s ,   e spec ia l ly   nodu la r  

anhydrites  (e,g,  IiendaSl,  1969; Shexrman and mller, 1969). 
This bias is the   r e su l t   o f   t he re   be ing  no recognized modern 

analogL1e of  completely  subaqueous  diagenetic  anhydrite  nodule 

formation. However, recent  work on the Middle  Devonian  Winni- 

pegosis  and  Prairie  Formations  of  south-central   Saskatchewan 

presents  considerable  evidence of submarine  bedded  and  nodular 
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anhydrite  formation in a basinal se t t ing   (Davies  and Ludlam, 

1973; Wardlaw and Reinsonp  1971) .   In   the   recent   l i t e ra ture ,  

dolomite h o s t s  a r e  more comonly  associated wi th  sup ra t ida l  

evapor i t e s ,   wh i l e   ca l c i t e   hos t s ,  such a s  the  afolementioned 

two occurrences o f  anhydr i te   nodule   molds   in   ca lc i te   in   the  

s tudy   a rea l   a re  more  commonly assoc ia ted  w i t h  evapori tes   of  

inferred  subaqueous  origin  (Kendail.,  19691 Bebout and Maiklern, 

l9Y3) * 

I Eros ion   of   subaer ia l ly   des icca ted   supra t ida l  and high i n t e r -  

'tidal por t ions  of  an evapor i t i c  t i d a l  f l a t ,  and preserva t ion  

of  the  underiyii lg  evaporite-bearing low i n t e r t i d a l  and subt ida l  

f a c i e s  is a poss ib le  way t o  expla in  t h e  dissociat ion  of   evid-  

ence of subaerial   exposure  and  evidence  of.   diagenetic  evaporites 

i n   t h e  same rock  units.   Evidence o f  such  erosi.on might be l e s s  

co~?spicuous i f  it 'ioolc place  underwater. For exaimple, t he re  

would  be 110 bui ld ing  of  a s o i l   p r o f i l e ,  and 'tile e ros iona l  SUI- 

face  mi.ghl be less pronounced.   Relat ive  r ises   in  sea l e v e l  and 

the accompanying si?elfward migrat ion of a high-energy  zone (Shaw, 

1964; Irwin, 1965) might r e s u l t   i n  submarine  erosion,  Such a 

p o s s i b i l i t y  is suggested i n  the  s tudy  area  by:  I) evapor i t i c  

rock   un i t s   a re   no t  uncommonly d i r e c t l y   o v e r l a i n  by normal 

marine  rock  units,  2) a t  Canning Ranch and Bluewater,  evapor- 

i t i c   r o c k   u n i t s   a r e   d i r e c t l y   o v e r l a i n  by o o l i t i c  rock u n i t s ,  

which indicate   high-energy  condi t ions a t  deposit ion,   and 3)  

some evapor l t i c   rock   un i t s   a r e   ove r l a in  by sandstone ar,d silt- 

s tone   rock   un i t s  with undulatory  contacts ,  Hence, t he re  is a 
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d i s t i n c t   p o s s i b i l i t y  that  a t  l e a s t  some of the evapor i t i c  

rock u n i t s  in  the   s tudy   a rea  may have  been  formed by br ines  

concentyaled on a szbkha-like  surface,  the  evidence of which 

was subsequently removed by submarine  erosion. 

Abundant bedded  evaporites i n  the  lower  San  Andres Porm- 

ation  west  of -the s tudy   a rea  and in the  upper San  Andres in the  

sl;udy a re8  i.ndicate hypersaline  environments,  which might have 

been the source f o r  a'k l e a s t  some of %he concentrated  br ines  

respons ib le  for the formation o f  dfagenet5.c  evaporites  in  the 

s tudy  area,  Iiowevers nq evidence was found to   suppor t  t h i s  

hypothesis.  Occurrences  of  abuEdant  evaporite molds am strati-  

graphically  controZLed and do no t   i nc rease  i-r~ -khicltl?ess west- 

ward o r  upward in  the  s tudy area.  ,,,abundant evapor i te  molds a r e  

found in hos t s  ths-t are cons i s t en t  with a penesa l ine   l oca l  

environment of  depos i t ion ,  They are  almost  always  dolomitic 

and e s s e n t i a l l y   u n f o s s i l i f e r o u s ,  

Zvt ipori t ic   Facies  in  Lower San Andres  Formation 

And 

The e v a p o r i t i c   f a c i e s  o f  t h i s  s tudy is e s s e n t i a l l y  a 

res t r ic ted   mar ine  I i n t e r t i d a l ,  o r  s u p r a t i d a l  facies charac te r -  

ized by the  presence  of  evaporite  molds.  Two sub-facies   are  

recognized. .  An evapor i t i c  emergent tiicial f l a t  f ac i e s   ( f i gu res  

1% and 14E) composed of   evapor i t ic   rock   un i t s ,  which show 

evidence  of  subaerial  exposure o r  which are over la in  by supra- 

t i d a l   r o c k   u n i t s ,  And a subaqueous? e v a p o r i t i c   f a c i e s   ( f i g u r e s  

13B and &A) cons i s t ing  of  evapor i t ic  rock units wi th  no evid- 

ence  of  associated  subaerial  exposure within o r  above t h e   u n i t s .  



L 
U .We  1589/8 

Specimen 

Figure 13 

L A 

E . 

E 

I I 
I 

t3 

E 

69 

Evapori t ic   Deposi t ional   Facies  

A. Evaporitic  emergent t i d a l  f l a t  facies ( i n t e r -  

c r y s t a l  molds (E) a l t e r n a t e  w i t h  poss ib le  
t i d a l ? #  Hondo, un i t  8 ) :  l a y e r s  o f  evapor i te  

c rypta lga l   l amina tes  (L) i n  a c a l c i t e   h o s t  
B. Subaqueous?  evaporit ic  facies (Fox Cave, u n i t  

6 )  I ca lc i te - f i l l ed   anhydr i te   nodule  molds 
( A )  i n  a dolomite  host 
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Evaporit ic  Deposit ional  Facies 

Figure 14 A. Subaqueous? evapor i t i c   f ac i e s  (Fox Cave, u n i t  10): abundant 
anhydi'ite  nodule molds ( A )  with d i s t i n c t   h e m a t i t i c  rims ( R )  i n  
a c a l c i t e  h o s t  

B. Evaporitic  emergent t idal  ' f l a t   f a c i e s   ( o v e r l a i n  by supra t ida l  
, f ac i e s :  Hondo, u n i t  24) I . coalesced  anhydrite  nodule molds (4) 

(wh i t e   c i r c l e  is 2 cm i n  diameter) 
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The evaporit ic  emergent t id .a . l  f l a t  f a c i e s  makes up  about 5% 

and the  subaqueous?  evaporit ic  facies  about 15% of  the  carbon- 

a t e  member. Relativcly  minor amoun'ts of  evaporite  molds  are 

p r e s e n t   i n  some normal. msrine  ' rock  uni ts   ( f igure 1 6 ~ ) .  These 

appear  to  be r e l a t e d  t o  the  concentration  of  brines  during 

la'tw per iods   o f   hypersa l in i ty ,  

_XI Nornlal Narine Subt ida l   Fac ies  

The normal  marine  facies o f  t h i s  s tudy   ( f igu res  %2R, 15, 

16A, and 21A) corresponds t o  the  t i d a l  s h e l f   f a c i e s  of Wilson 

(1970). I t  consists  of  car-bonates  deposited i n  a s u b t i d a l  

environment which clasely approximates  normal  open  marine  con- 

d i t i o n s ,  The f a c i e s  is recognized by the  presence  of   biota  

in fe r r ed  t o  r-equira an open,  normal  marine  environnent for 

development and swvival,  mainly  ar t iculate   brachiopods and 

echino'dorrns, The rock  types noted i n  t h i s  fac ies   range  f r o x  

f o s s i l i f e r o u s  mudstone t o  mud-rich  packstone. The normal. 

marine f a c i e s  makes up  about 40% of  the  carbonate  member, 

Skeletal   carbonate  build-ups,  t h a t  is skeletal   boundstones,  

are   apparent ly   a lmcst   completely  absent  i n  the  lower San Andres 

Formation i n   t h e   s t u d y  area. They were  recognized  only i n  

Canning Ranch, u n i t  9 ,  which cons is t s   I .wgely  of bryozoan- 

ostracod  bioherms  (figure 15). These  bioherms  are  about 5 f e e t  

thick,   but   only  about  1 t o  2 f e e t  of d e p o s i t i o n a l   r e l i e f  is 

apparent.  The bioherms a r e  exposed for   about  200 f ee t   a long  

the  outcrop and a r e   l a t e r a l l y   e q u i v a l e n t   t o  a rock   un i t   conta in-  

ing  abundant  Productid  brachiopods  (figure 12B). Subt ida l  
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Normal marine  Facies 

Figure 15 Rocks of bryozoan-ostracod  bioherms i n  normal 
marine  facies  (Canning Ranch, u n i t  9)s 
A. Sharp contact  between  bryozoan (B) bioherm 

B. B r  ozoans ( B )  and i n t e r p a r t i c l e   p o r o s i t y  
(BM) and f i l l  mater ia l  (F) covering  bioherm 

(Pg i n  biohermal rock 
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Normal Marine and Undaform-Edge Deposi t ional   Facies  

Figure I6 A. Normal mar ine   f ac i e s   (Fo r t   S t an ton ,   un i t  1 3 )  I 
abundant  non-Productid  brachiopods ( B )  and a 
barrow (BW) with probable  gypsum c r y s t a l  
molds ( 0 )  f i l led  with  length-s low  chalcedony 

B. Undaform-edge f a c i e s  (Canning Ranch, u n i t  16)  
and c a l c i t e  cement 

o o l i t i c   g r a i n s t o n e  (0) w i t h  l i g h t e r   c o l o r e d ,  
muddier stringers of o o l i t e s  (M) (packstone 
t o  mud-lean wackestone) 

' 1  
. " 
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ske1eta.l ba,nk.s nay 'be present  at Fort Stanton  about 10 f e e t  

l a te ra . l ly  from  where u n i t  13 was measured, HoWevel*p the  poor 

8.ccessibili-Qr of 'khese qae:;tionable banks precluded.  fwrther 

examina.tion of a possLble bank o r ig in .  

U n d a E o n i ~ - ~ d , v e F a ~ ~ . ~ ~  

The undaform-edge facics o f  this shd.y  ~ f i g v ~  3.63) cor-- 

responds tc Vl%lsonqs (1970) platform-edge  sand  facies, It 

conslsts of  vrinrmvei! o o l i t i c  and intraclastic sands Lnferred 

t o  have  been  deposited  along  an  undaform mzlrgin.. In ' the   s tudy 

w e a p  it cons i s t s   ma in ly   c f   oo l i t i c  and some i n t r a c l a s t i c  sands,  

There are rela-l;ive%y few a b r d e d   b i o c l a s t s , ,  and i n t r a c l a s t s  and 

q u a r t z  grains a r e   o o l i t i c a l l y  cvated  in places.  Obscure, sma.T.1- 

scale.  planar c r o s s - s e r a t i f l e a l i o n  is l.oca3.2.y present"  but -the 

f a c i e s  is generally massive. Mud-rich tongues o f  ooleites r.a.ngin.g 

i n  th ickness  frorn about 6 tc $- inches a re   p re sen t  i.ii places 

( f igure  16B),  The f a c i e s  i s  recogpized by %he presence  of 

o o l i t i c ,  and Less  cormonly, i n t r ac l a s t i c   packs tone  and Gain-  

stone  rocks.  The undaform-edge sainds may have  been  deposited 

as shoals, beachesp  offshore o r  t i d a l  bars 3 x 1  fans on. b e l t s ,  . 

or e o l i a n i t e  dune islands (Wilsonp l970.), The depths of such 

marginal sands today may range f rom  sea   l eve l  t o . 2 0  t o  30 feet .  

S a l i n i t y  is commonly nornal  mzrine ami the  environment is , w e l l  

oxygenated,  but it is not   hospi tab le   to   benthonic   mar ine   l i fe  

becaxse o f  the  shifting s u b s t r a t e  (!Vilson, 1970). The undaform- 

edge f a c i e s  o f  the  lower Sa:? Andres makes ~p about 5% of the  

carbonabe member i n  the  stu&y wca as a whole e However, it 

comprises, 20% of the  carbonate  member a t  the  Canning Ranch and 

. .  
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Bluevrater s ec t ions  in the   nor theas te rn   por t ion  of the   s tudy  

area .  

" C o r p l  - a.tion  by_Cwbonate ". Depvsitiona.1 Fac- 

Detailed  carbonate  sedimentology, as r e f l e c t e d   i n   t h e  

carbonate   depos i t iona l   fac ies  of  t h i s  s tudy,  provides a valuable  

method of  c o r r e l a t i n g  pzrts of the loumr San Andres  Formation 

across the   s tudy  area  (about  250 square  miles)  and probably i.n 

adjacent   a reas .   Corre la t ion  of the Power San Andres i n  Linco3.n 

County p r i o r  t o  t h i s  r epor t  depended  upon t h e   u s e  of  samhtone  

tongues within t h e  San Andres. This study not mdy confirms 

%he con t inu i ty  of  sandstone tongues wi'bhin. the  study area ,  aa2d 

hence t h e i r   v a l i d i t y  f a r  c o r r e l a t i o n ,  but a l s o  provides a 

supplement t o  the  use  of  sandstones f o r  correlat ion  purposes ,  

The a p p l i c a b i l i t y  of using $he carbonate   depos i t iona l   fac ies  

of  this study for c o r r e l a t i o n  of  the .I.ower San Andros outside 

OP the  study a r e a  is unknown, EIovleverp -the pers i s tence  of soma 

or' 'the carbonate   depos i t iona l   fac ies ,   espec ia l ly   the  normal 

marine and r e s t r i c t ed   mar ine   f ac i e s ,   a c ross  the s tudy   a rea  sup 

gests t h a t  these  facies  conti.nue i n t o   a r e a s   a d j a c e n t   t o  the 

s tudy  area.   See  the "TRANSGRESSIVE-REG~SSI~'" C Y C m  sec t ion  

o f  t h i s  r e p o r t  f o r  more infdrmst ion on t h e   p o s s i b i l i t i e s  of 

d e t a i l e d   c o r r e l a t i o n  within t h e  lower San Andres  Formation. 
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be%ween ca l cu la t ed   s t a t i s t i ca3 .  moments, However, on an  inspect-  

ion  basisp t h e   s t a t i s t i c a l  moments generated  suggest   the   fol-  

lowing conclusionst  1) t h e r e  is no s i g n i f i c a n t   d i f f e r e n c e  

between average mean and median s ize  d i a w t e r s  of cross- 

s t r a t i f i e d  and comparatively well. sorted  massive units, 2) 

average mean axd median diameters  of vravy bedded u n i t s   a r e  

probably   s iga i f ican t ly   smal le r  than these   va lues  f o r  cross- 

s t r a t i f i e d  aztd comparatively well sorted.  massive unitss 3 )  the  

average  percentage of grains f i n e r  than 4 4  i n  wavy bedded unj.ts 

i s  probably  signifi.: ,antiy  laxger  than t h i s  percentage i n  cross-  

s t r a t i f i e d  and compara t imly   wel l   sor ted  massive u n i t s ,  &) 

there  seems t o  be  no s ign i f i can t   dk f fe rence  i n  average coars- 

e s t  one pe rcen t i l e  i n  c r o s s - s t r a t i f i e d  a:nd comparatively  well  

sorted.   massive  units,  and 3 )  the   average  sor t ing (i. e standa.rd 

devia t ion)  of wavy bedded units is probably  si ,wificantly 

l a r g e r  than t h a t  of  c r o s s - s t r a t i f i e d  and. cumpara.tively  well 

sorted  massive  units.   These  conclusions  suggest t h a t  t he re  

is a d e f j a i t e   s o r t i n g   d i f f e r e n c e  between wavy bedded u n i t s ,  

and c r o s s - s t r a t i f i e d  and  comparat ively  wel l   sor ted  uni ts .  Th i s  

so r t ing   d i f f e rence  i s  used   in  t h i s  r e p o r t  -to h e l p   i n t e r p r e t  

depos i t iona l  flow regimes, 

Grain roundness is genera l ly  a func t ion  of grain s i z e .  

The smaller  grains  are  uniformly  sub-angular t o  sub-rounded 

(porvers, 1953) Nost l a r g e r   g r a i n s  a r e  very  wel l   rounded  to  

rounded, h d i c a t i n g  a t ex tu ra l ly   ve ry  mature  source. However, 
I wge 

a r e l a t i v e l y  few g ra ins  are sub-rounded  suggesting a second, A 
l e s s  mature  source. 
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Stxteen  t h i n  sec t ions  from  the  three  types of u n i t s  (wavy 

bedded, c r o s s - s t r a t i f i e d ,  and  comparatively  well   sorted  massive) 

were point   counted  ( table  2) snd another  eleven were Examined 

q u a l i t a t i v e l y .  A l l  sands tone   th in   sec t ions  were s t a i n e d   f o r  

or thoc lase  and p lag ioc lase  a f te r  the  method of  Bailey and 

Stevens (196~1) Orthoclase  shsuZd  have  been  stained  yellow 

and p lag ioc lase   red .  However, both  fe ldspars  were stained 

pink. A s  a r e su l to  p lag ioc lase  wax i d e n t i f i e d  by its charac t -  

e r i s t i c   t w i n a i n g  and  orthoclase by its f e l d s p a r   c h a r a c t e r i s t i c s  

and lack  of  twinning, The number of  points  counted  generally 

var ied  between 300 and k.50p depending on the apparent   var iab i l -  

i t y  i n  each  sample.  Point  intervals  exceeded  the  diameters o f  

t he   l a rges t   g ra ins   p re sen t .  A 95% conf idence   in te rva l   for  

each   cons t i tuent  was Getermined  graphically as an  indicat ion 

of v t i r i a b i l i t y  (Van de r   P l a s  and Tobi, 1965). 

The Glorieta  Sandstone i s  a lmost   en t i re ly  a qua r t z   a r en i t e ,  

b u t  a few u n i t s  a t  Walker H m c h  a r e   f e l d s p a t h i c   a r e n i t e s   ( i . e  I 

72075 f e l d s p a r ) .  The fe ldspars   (or thoc lase ,   microc l ine ,  and 

sodic   p lag ioc lase)  are r e s t r i c t e d  t o  t h e   f i n e r   g r a i n   s i z e s .  

Compositional maturity genera l ly   increases  upward i n   t h e  

measured sec t ions  and  southward  along  the  inferred  paleocurrent 

d i r ec t ion ,  The former  increa.se i n   m a t u r i t y  may be explained 

by increased  maturity  of the sediment  source  and/or  greater 

abrasion o f  t e r r igenous   g ra ins   dur ing   t ranspor t  a3d deposi t ion.  

The l a t t e r   i n c r e a s e   i n  ma-turily may be due t o   t h e   a d d i t i o n a l  
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Cements 

Calc i t e  cement is abundant and the  most common cement 

type  in  the  Glorieta  Sandstone.  Dolomite  cement is l o c a l l y  

very importaant (e .g .  Sunset,   uni-t  1 7 ) .  Only one  sample  (Bogle 

Dome, u n i t  31) G U ~  o f  thir ty-seven  sandstone t h i n  sec t ions  

examined had. cl1%cedony cement# It  showed op t i ca l iy   . l eng th  

s low,  Clay  frecpent3-lg coa ts   quar tz  grains irz many u n i t s  avld 

may a c t  as a cement, 

Diagenet ic   Features  

Quartz  overgrovrkhs are common, e s p e c i a l l y   i n   t h e   b e t t e r  

so r t ed  wni'ts 'I . Ort!loclase overgrowths and te r r igenous  grains 

w i t h  su tured   pressure   so lu t ron   c ;?n tac ts   a re   very   ra re .   ca lc i te -  

cemented  spherules OF concretions  ranging  from  about l/16 t o  

2 inches i n  diameter  are  abundant i,n many mi-ts, The spheru les  

a r e  more r e s i s t a n t  than the   hos t   rock  and weather o u t  i n   r e l i e f  

t o  produce a d i s t inc%ive  knobby  appetirance an  the  ou.tcrop sur- 

face.  

SEDIIV2ENTARY  STRUCTUFBS 

Layvge dd ing 

The term wayy bedding ( f i g w e  l7A) is used i n  t h i s  study 

to   descr ibe   rock   un i t s   cons is t ing   o f   i r regular   sands tone   lenses  

of varying  length,  which a re   s epa ra t ed  by u n d u l a t o r y ,   d i s t i n c t  

t o   i n d i s t i n c t  bedding  planes .'; t o  2 inches apart (very  thin bed- 

ding o f  t i is  stxdy) ,   These  uni ts  are comparatively  the  most 

poorly  sor ted i n  the  Glorieta   Sandstone,   having  the  largest  

percentage  of   grains   f iner  t h a n  4$ ( t a b l e  I), 

Wavy bedding is in t e rp re t ed  as a weathering phenomenon 



A 
0 



8 i.k 

r e s u l t i n g  from the  presence of r i p p l e  marks, which a r e   i n v i s i b l e  

i n  outcrop o r  hand  specimen. Hamblin (1962) i l lmstra . tes   several  

apparent ly  homogeneous sandstones  in   outcrop and hand  specimen, 

whose radiographs show well-defined  Lamination and cross-  

lamination.  Consequently,  the lack of  vis ible   sedimentary 

s t r u c t u r e s   i n  a sandstone  does  not   preclude  their   presence.  

The genera l  lack of  mot t l ing  and the  presence of v e r y   t h i n  

bedding  suggests no dis turbance by burrowing  organisms, 
. .  

Severa l   independent   l ines  of evidence  suggest tha t  wavy 

bedding has a r i p p l e  mark o r ig in ,  A po l i shed   s l ab  from the  

lower Glorieta  Sandstone a t  Walker Ranch has quest ionable  

r i p p l e  mmks v&-iih amplitudes of about Lmm and waTre lengths  of 

zbout 7mnl. Wavy bedding,  very similar t o  rmch of t h e  wavy 

bedding in the   Glorieta   Sandstone,  is present  in an  autcrop or' 

the  Jordan  Sandstone in Madison, Wisconsin, There  an  overlying 

dolomite  bed permits discernment of t he   o r ig ina l   r i pp led   uppe r  

surface  of   the  sandstone,  The compxratively  poorer  sorting 

i n  vavy bedded u n i t s   ( t a b l e  1) i s  more suggest ive 02 Lower 

f low regime  conditions than -the r e l a t i v e l y   b e t t e r   s o r t e d .  

c r o s s - s t r a t i f i e d   u n i t s .  Such very l o w  f l o w  c o n d i t i o n s   r e s u l t  

i n  the  formation of r i p p l e  marks, where sand gra ins   a r e  lees 

than 0.6mm in diameter The th ickness  of beds i n  wavy-bedded 

uni ts  i n   t h e  s tudy  area  includes  the  ampli tudes of most r i p p l e  

marks described i n  the   geo log ic   l i t e r a tu re .  

" Cross-St ra t i f ica t ion  

Dif fe ren t   types  o f  c r o s s - s t r a t i f i c a t i o n   ( f i g u r e s  2713 and 

18) are present  in the   s tudy  amat but  no wedge-shaped s e t s  
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Cross-Stratification 

Figure I8 Low-angle  cross-lamination  truncating low angle 
cross-lamination  suggests  possible beach fore- 
shore  deposition  (note  hammer  in center of each 

A. Walker Ranch, unit 3 
photograph for scale) 

B. Bluewater, unit 16 
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(IkKes  and Weix*, 1953) m r e  noted.  Tabular  cross-sets are 

most  abundant. Most c ross - se - t s   a r e  L t o  2 f ee t   t h i ck   ( r ang ing  

from 6 inches t o  5 f e e t ) ,   a b o u t  3 f e e t   l o n g  Crtiiging from  about 

2 f e e t  t o  abou t  15 f e e t ) ,  and medium ang&e (10 t o  25 degrees) .  

However, rnany c ross - se t s   a r e  low mgXe (C. .O degrees) OR high 

angle (>25 degrees) .  Host c ross -se ts  w e  pX4saar ( o r  x n g u l a r ) ,  

bu t  rnmy are  curved and tangentijal a% the  bottom,  These two 

types  wePe not observed togeW~er i n  the same fock u n i t s  i n  the  

s tudy  area,  Pl?.nas cross-sets  form  in  environmznts where 

the re  is l i t t l e  suspended loa4 o r  where the height  af the l e e  

face  is l a r g e  compared with ' to t s1  flow depth. Curved cross -  

s e t s  form  where there  is a I w g e  amount of  sediment  in  wrspens- 

.ion o r  i f  the   he ight  cf -the lee s lope  i s  small com?ared with 

t h e   t o t a l  i?lw depth (Blatt a, 1972) e The absence of ap- 

p r e c i a b l e   s f l t  and c i a y   s i z e   t e r r i g e n o u s   m a t e r i a l   i n   c r o s s -  

s t ra t i f ied sandstones i n  the  s tudy  a rea  suggcs-ks t h a t  %he 

height of  'the l e e   s l o p e   r e l a t i v e  t o  the  t o t a l  Plow depth was 

respons ib le  f o r  curved  cross-sets .  

Trough cross-se ts  were only  found i n  BogXe Domep u n i t  32, 

These s e t s  are apparent ly  1 t o  2 feet  thick and  about 2 f e e t  

by h feet  i n  plan v iew,   Cress -s t ra t i f ica t ion  i s  apparent ly  

somewhat symnmtrical, bu t  it is d i f f i c u l t   t o  be ce r t a in .  The 

c ross - se t s   cons i s t   en t i r e ly  of  doubly-plung.i.ng troughs,  which 

p robab ly   r ep resen t   t he   f i l l i ngs  o f  canoe-shaped  depressions 

( D o t t ,  1973). The long  axes o f  these  t roughs  xre   or iented 

essent ia l ly   eas t -wes t .  However, the  underlying planar CTQSS- 

s e t s  d i p  toward the south-~outhwes t ,  as do the   p lanar  
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cross-se ts  in  the  upper Glorieta  tongue a t  Valkes  Rmch 

( u n i t  2 0 ) ,  Canning  Ranch, F o r t  StanLon,  and Sunset (figure 

19). Consequently,  the short axes  of  these  troughs  appear t o  

be i n  the   pa l eocur ren t   d i r ec t ion   un l ike  most trough  axes 

s tud ied   here tofore .  

&e&Plana.r S t r a t i . ? $ ~ ~ ~  

E v e n ,   p l a n a r   s t r a t i f i c a t i o n  is compara t ive ly   Fare   in   the  

s tudy   a rea ,   except   for  i ts  occurrence i n  -the 1 0 7 4 % ~  par t  of  

the  Bogle Dome sect ion,suggest isg  the  absence o f  upper flow 

regime  conditions  during  the  deposit ion of most of the  Glor- 

ie ta   Sands tone ,  S t ra ta  range  in   thickness   f rom  laminat ion 

(<$ inch)  t o  thick  bedding (I& t ~ .  5 f e e t ) ,  

Massive 

Massive  usrits ax charac te r ized  by the   apparent   lack  of  

sedimentary  structures,  Halnblin's (1462) work suggests  that  

sedimentary  st-ructv.res  probably  are  present,  although  invis- 

i b l e .  Two types  of massive  units  are  recognized8 1) s i l t y  

u n i t s  with the .comparative& poorer so r t ing   a s soc ia t ed  wi th  

wavy bedded u n i t s ,  and 21 clean  sandstones wi th  t h e   b e t t e r  

so r t ing   a s soc ia t ed  with c r o s s - s t r a t i f i e d  and even, planar 

s t r a t i f i e d  uni ts .  The b e t t e r   s o r t e d   u n i t s   l a c k  any  evidence 

of burrowing,  whereas  the  comparatively  poorer  sorted  units  are 

l o c a i l y  mottl.eds  although no d i s t i n c t  burrows  were  found. 

" Soft  Sediment  Deformation 

Evidence of  sof t   sediment   deformation  (Pot ter  and 

Pe t t i j ohn ,  1963) is very unusual   in   the  Glorieta   Sandstone 
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and only has bean  noted i n  the  lower  Glorieta  tongue a t  sun- 

set.  Soft  sedirnent  deformation is suggested by the confine- 

merit of deformation  to  a s ing le  bed. between  undeformed  beds. 

Locally,  wniL 6 is twice as thick as usual   (about  4 inches)  

a long  the ou-kcrop,  whereas unit 7 (about 2 f e e t  thick) i s  t i l t e d  

a t  about 35 degrees,  Units 5 and 8 (3. and 3 f e e t  t h i ck  r e s -  

pec t ive ly)   a re   apparent ly   unaf fec ted  by t1li.s deformation. The 

instantaneous  compaction of loosely  packed  sand o r  Plowage o f  

sand while  liquefied  ("quiclc") are the  most  probable mechan- 

isms of deformation, The "shock" that ini ' t ialed  deformation 

was apparent ly  o f  a ve ry   l oca l   cha rac t e r  and m a y  poss ib ly  have 

baen re la ted   to   rap id   sed iment   in f lux   increas ing   overburden  

pressure past a. thrwold.   vd.ue  required for defornat ion.  h 
1' 

PA.LEOCURRENT ANALYSIS 

,- 

Cross-s f ra t i f ica%ion  or ien ta t ions  were  measured i n  all 

s e c t i o m   e x c e p t  Pox Cave and Eondo ( f igure  191. No other   sed i -  

mentary struckres  revealing  paleocurren-t   information  were 

noted i n  the  s tudy  area,  However, t he   gene ra l   i nc rease   i n  

compositiona3. m a k r i t y  southvrard i n   t h e   s t u d y   a r e a  i s  compat- 

i b l e  wi th  the   pa leocurren t   d i rec t ions   in fer red  f r o m  cross-bed 

or ien ta t ions .  

A general   southward  t ransport   d i rect ion is recorded   for  . 

t he   cu r ren t s  t h a t  deposi ted  the Gpper Glor ie ta   toogie   ( f igure  

19 and 2 3 )  The f i v e   c r o s s - s % r a t i f i e d   u n i t s  a t  Wafirer Ranch 

a l l  ind ica t e  a general   west-southwest   t ransport   d i rect ion 

( f i g u r e  19). P a l e o c u r r e n t   d i r e c t i o n s ,   s t a t i s t i c s ,  and cor rec t -  

ions  f a r  s t r u c t u r a l  tilt were ca lcu la ted  by computer  using a 
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program developed by Doe (1973). The statist ics were  deter- 

mined.  by the vec tor  sumnlation technique (Curr2yy, 1956). 

PROWNAPKX AND DISPERSAL OF THE SAND 

Infer red   Glor ie ta   pa leocurren t   d i rec t ions   c lear ly   sugges t  

that  tlze terrigenous sand was supplied  from  the  north-northeast .  

Both  the  Ancestral-  Rockies  of  Colorado  (figxire 2) and c ra ton ic  

a reas   fay ther  .to the   nor th  and nor theas t  a m  possible   sources .  

The extreme  textuturzl and composi.tional  maturity o f  t he   G lo r i e t a  

suggests  a pre-ex is t ing   sands tone   source   (Pe t t i john  a -1, 1972) .  

The Ancestral  Rockies ;vere s t r ipped  'to c rys ta l l i .ne   Precmbr ian  

basement long before  Glcwieta  time (McKee .e+ &., 1967) and 

Todd (1964) has ca l cu la t ed  'that 'the  Ancestral  Rockies were n o t  

extensive enough t o  have  supplied a l l  t h e  sand present  i n  'the 

Late  Paleozoic  blanket  sandstones  of  which  the  Glcrizta forrns 

a southern  feather-edge.  These  considerations  strongly  si lggest  

that the  Ancestral  Rockies  probably d i d  190% supply  any ntore 

than a t i n y   f r a c t i o n  o f  the Crlorieta sands. Howevero the  lzrger ' 

sub-rounded q u a r t z  gra ins   p resent  in  most Glorieta  Sandstone 

samples may have come from t h i s  source. The primary  sources 

of  terrigenous  sand  were  probably cLOWer Paleozoic  sandstones J' 

i n  c ra ton ic   a r eas  t o  the   nor th   o f   the   s tudy   a rea .  The l ack  of 

Permian  terrigenous clay depos i t s   in   the   southwes t  of the  United 

Sta ' tes   suggests  a source  area poor  i n  clays,   such as t h e  Lower 

Paleozoic of  t he   cen t r a l   c r a ton  (Doe, 1 9 7 3 ) .  

Angular  fragments o f  q u a r t z i t e  and gne iss  from the  higher  

parts o f  the  ancestral  Pedernal  Mountains,  which  were  probably 

above   sea   l eve l ,   occur   loca l ly  5.3 the  Glorieta  Sandstone  north 
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of the s tudy  area  (Bel ley,   1972) .  However, none  were  found i n  

the   v ic in i ty   o f   the   Precambr ian  knob  about 5 mj.les nor th  o f  

Corona ( f i g u r e   I )  The knob i s  a g r a n i t i c   g n e i s s  wi%h abund- 

ant   microcl ine and some or thoc lase  znd sodic  feldspar. Such 

emergent knobs probably con t r ibu ted   f e ldspa r s   t o   t he   G lo r i e t a ,  

but it is remarkable how 1it.U-e  detri’tus seems t o  have  been 

suppl ied by the Corona  knob. 

DEPOSITIONAL PROCESS FACIES 

The use of bed  forms  and  bed-form i n t e r n a l   s t r u c t u r e s  

( f i g u r e  20) t o  interpret  flow  regimes is based on r e c e n t  work 

with flumes and streams (Simons .& a, 1965; H a r m s  and  Fahnestock, 

1965). The flow  regime  concept is  a valuable  way t o   d e f i n e  

process   facies   because it emphscizes  the fac t  tha t  assemblages 

o:F bed  forms are  contl-olled  not by a single hydraul ic   var iab le ,  

such as depth or slope, but  by a complex 02 va?iab les  (Elat t  

”- e t  - a l ,  1972) This  s tudy uses %he Plow regime  concept with 

the  recogni t ion  that a t  l e a s t  two dis t inct   environments  may have ’~ 

been  responsible f o r  deposi t ion,  namely the  offshore  marine 

a.nd “shoreline“  environments. 

P l a t e s  I X  and X i l l u s t r a t e   t h e   v e r t i c a l  and l a t e r a l  d i s -  

t r i bu t ion   o f   depos i t i ona l  process f a c i e s   o n ‘ t h e   b a s i s  of  flow 

regime as recognized by8 I) bed-forms  and bed-form i n t e r n a l  

s t r u c t u r e s   p r e s e n t   o r   i n f e r r e d   p r e s e n t ,  and 2 )  comparative 

so r t ing   i n   appa ren t ly   mass ive   un i t s   ( f i gu re  20). There is a 

good c o r r e l a t i o n  between  the  degree of comparative  sorting and 

t h e  associated  sedimentary  s’trucLuresp where the latter are 

visible .   Comparat ively  poorer   sor t ing is assoc ia ted  wi th  wavy 
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bedding,   whereas   bet ter   sor t ing i s  assoc ia ted  with CTOSS- 

s t r a t i f i c a t i o n  and even,  planai- s t r a t i f i c a t i o n .  

ENVZRONMENTAL INTERPRETATGON 

I n t e r p r e t a t i o n  o f  the  environments o f  dkposi t ion of  t h e  

Glorieta  Sandstone  using  sedimenta.ry  strUcturesp  grain  size 

BisLributLon, 2nd sur face  Lex-hxrw o f  individual.  sand  grains 

has y ie lded  mixed resu . l t s .  

The following  aspec%s o f  i n t e r n a l   c r o s s - s t r z t i f i c a t i o n  

i n   t h e  Glo r i e t a  Sandstone  are  similar t o  those  reported  from 

both modern subae r i a l  dunes (KcKee, 196'7; McBriie  and  Hayes, 

1962)  and  the  non-barred high energy  nearshore  subaqueous 

environment ( C l i f t o n  & x!,, 1971)  Higher-angle  cross-sets 

a r e  no t  infrequently  ' t runcated by low-angle c r o s s - s t r a t i f i c a t i o n  

o r  even ,   p l ana r   s t r a t i f i ca t ion   i n   t he   s tudy   a r ea .   In   un i t  3 

a t  Walker  Ranch,  nigh-a.ngle, la:rge sca l e  s e t s  p a s s   l a t e r a l l y  

i n t o  very low-angle  cross-larnination  and  even,  plapar  lamin- 

a'tion. Some Glor fe ta  rock  u n i t s  are dominated by high-angle I 

c r o s s - s t r a t i f i c a t i o n ,  which is c h a r a c t e r i s t i c  of  a t  l e a s t  some 

coastal   dunes (McBride and Ha.yes, 1962). Howevers the  almost 

completelack  of  information on the   i n t e rna l   s t ruc tu res  of 

offshore  subaqueous  dunes  precludes  choosing  between  nearshore 

oraeolian  environments of  deposition  without  other  evidence. 

However, the long, low angle   cross-sfrat i f i ,cat ion in Walker 

Ranch, u n i t s  3 ( f igu re  18A) and 20, and in   Bluewater ,   un i t  

16   ( f igu re  18) suggests  poss ib le  beach  foreshore  deposit ion 

(Clif ton,   1969) .  

I 
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I n f e r r e d   r i p p l e  marked u n i t s ,  t h a t  is wavy bedded u n i t s p  

do not   apparent ly   represent   t ida l ly- inf luenced  sand depos i t s  

because f i n e   m a t e r i a l  is not   segregated  into  recognizable  

f l a se r   bedd ing   pa t t e rns   (Reheck  and  Wunderlicn,  1968), 

Various  methods have been  proposed t o  i n f e r  physical 

processes   or   environments   of   deposi t ion from parameters  based 

on  gTain s i z e   d i s t z i b u t i o n r  I) Passega (3.957) p l o t t e d  median 

aga ins t   coa r ses t  one percent i se   va lues  of a number of samples, 

2) Visher (1969) recognized  sub-populations within ind iv idua l  

log-normal grain s i z e   d i s t r i b u t i o n s ,  and 3) Friedman (1961, 

1962, 1-90?) plotted  various  combinations of s t a t i s t i c a l  par-. 

ameters  against   each  other.   Table )+ l is ts  the  environmental 

inferences made for   the  e leven  samples  o f  t a b l e  1 us ing  th.ese 

methods. The r e s u l t s   o f  tb.e  gra.in s i ze   ana lyses  are conf l i c t -  

ing  and. ambiguous. There is very l i t t l e  i f  any c o r r e l a t i o n  

between  differen.t '  types of sedimentary  s-tr-uctures and the  

processes o r  environments  inferred by t h e  above  methods.  Grain 

s ize   analysis   appears .   to   have,  a t  bes t ,  only a very  l imited 

u t i l i t y  in  the  environmental   in terpretat ion  of   sue2  pure 

quartz  satndstones as the  Glorieta  Sandstone, 

Various  combinat ions  of   detai led  surface  textures ,  as 

revealed by scanning  electron  microscope (SEM), a re   be l ieved  

c h a r a c t e r i s t i c  of  sand grains depos i t ed   i n   d i f f e ren t  Holocene 

environments  (Krinsley and Doornlramp, 1973).  Grain  mounts 

f rom  four   samples   represent ing  three  cross-s t ra t i f ied and one 

wavy bedded u n i t  were  examined on t h e  SEK. Ten t o  f i f t e e n  

gra ins   per  grain mount were ' c lose ly  exzmined. A l l  o r i g i n a l  
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gra in  surfaces were  covered wi th  th ick   d iagenet ic  quartz over- 

growths. The common occurrence  of  such  overgrowths m d  other  

d iagenet ic   e f fec ts   in   anc ien t   Fands tones   sugges ts  that t h i s  

method has a t  bes t  only a ve-ry l i m i t e d   u t i l i t y  i n  the environ- 

menta l   in te rpre ta t ion  of ancien t   sands tones   l ike   the   Glor ie ta .  

A.t  l e a s t  some o f  the  Flof ie ta   Sandstone is probably  of 

shallow  marine  origin  because of  the  presence  of  l .ocal  shallow 

marine  type  burrows  and  interbedded shallow marine  carbonates, 

However, t he   s tudy  o f  mx?ern  continental   shelves  suggests t ha t  

migration o f  a s t r a n d   l i n e  seems more l i k e l y  as a mechanism 

f o r  spreading tin extensive,   th in 'marine  sand  sheet   than  does 

simultaneous  deposit ion  across an. e n t i r e   a r e a .  Yet di.sLinc3t 

ancient  shorel-ine sand bodies are seldom  recogiiieec! (Pe t t i j ohn  

" e t  " ax, 1972). The possible  foreshore  beach  deposit  a t  WzZker 

Ranch, u n i t  20 isAabout  the same stratigraphic horizon as 

supra t ida l   carbonate   depos i t iona l   fac ies  along deposf%ional 

s t r i k e  a t  Canning  Ranch,  Bluewater, and SunsetJ   suggest ing . .  

t h a t  t h i s  is a reasonable   environmental   in terpretat ion.  Crcss- 

s t r a t i f i e d   s a n d s t o n e s   a r e   a l s o   p r e s e n t  a t  about the  same 

horizon as supra t ida l  and i n t e & i d a l   f a c i e s   i n  the lower 

carbonate  tongue a t  Canning  Ranchp F w t  Stanton,  Hondo, Sunset,  

and   Bluewater ,   sugges t ing   tha t   a t   l eas t  Walker Ranch u n i t s  

S, 14, 2 5 #  and 16 may also represent"shorel in$ 'deposi t ion,  

The "shorelinevb  environment  in t h i s  r epor t   i nc ludes   t he   coas t a l  

dune to  nearshore  environments  because, as  already  discussed,  

c r i t e r i a  for d i f f e r e n t i a t i o n  of these individual  environments 

a r c  most  commonly ambimous and c o n f l i c t i n g  f o r  c lean   quar tz  

at 
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sandstones. 1% s e e m   l i k e l y  %ha% most  o r  a l l  of $he lower 

flow regime wavy bedded uni'ts were deposited i n  comparatively 

lower  energy  shallow  lagoonal  environments,  whereas at l e a s t  

some of t h e   c r o s s - s l r a t i f i e d  and evenr p2ana.r s t r a t i f i e d  

rock units were deposi ted  in   the  shorel ine  environment .  
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PALEOGEQGRRPHLC IPATLICBTIONS FOR .EARLY S A N   A N D W S  TINE 

IN CEIfTRAL NEY! BEXICO 

"TRANSCrR~SSIVE-REGRESSI~" CYCLES 

" In t roduct ion  

Shavr (1964) proposed tha t  rock u n i t s  were  fund.amentally 

diachronous  became  they  were  the  direct   resul t  of the mig- 

r a t i o n  o f  sed imentary   fac ies   in   t ime i n  response t o  ev.sta.tic 

sea  level-   f luctuations.   Hences  vertical   changes  of  cmbonate 

depos i t iona l .   fac ies   in   anc ien t   rocks  might be t h e   r e s u l t  o f  

changes i n  sea  level   during  deposi%ion.  Howeverp many v e r t i c a l  

changes i n  carbonate   fac ies  do & r e q u i r e   s e a   l e v e l  fluctu- 

a t ions   fo r   exp lana t ion ,  Thus, i - t  is  f r e q u e n t l y   d i f f i c u l t ,  on 

a detai led  sc&le,   to   determine  the  cause o f  vertical.  sediment- 

ary  facies   changes.   Yet   the terms used  to  describe  sequences 

o f  such  changes o f t e n  have  genetic  connotations (e .g ,  t rans-  

gress ive  and regressive),   Consequently,   the terms used i n  this 

study  &re  defined below to  avoid  misunderstanding. 

~ 

I 

"Transmessive" or "d.eeveninp u-Owardst* r e f e r s   t o  an upward 

~ 

change i n  sedimentary  facies  that is cons i s t en t  with,  bu t   no t  

necessar i ly   caused  byp a mig ra t ion   o f   f ac i e s   i n   r e sponse   t o  a 

r e l a t i v e   s e a   l e v e l   r i s e ,  A a o r -  marine o r  e u s t a t i c   t r a n s -  
i 
i 

I gress ion   re ' fe rs  'to an appa ren t   abso lu t e   s ea   l eve l   r i s e  t h a t  

r e s u l t e d   i n  normal  marine  conditions  over  most o r  a11 of the  

s tudy  area.  R minor t r ansmess ioq   r e fe r s   t o   an   appa ren t  

r e l a t i v e   s e a   l e v e l   r i s e  that r e s u l t e d   i n   l e s s   r e s t r i c t i v e  

depositional  environments i n  the  study  areap  except  for  normal 

marine  environments,  which  were  only  locally  present when not 
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absc.nt. "I?B:essive" I o s  "shoa,l inp v . p v ; a w  r e f e r s  t o  an up- 

ward change in sedimen'cary f a c i e s  that i s  cons i s t en t  t ? ; i t h ,  but  

not necessarily  caused  by, a migra t ion   of   fac ies   in   response  

t o  a r e l a t i v e   s e a   l e v e l  d.rop, 1'h5arine" o r  "eus ta t ic   regress iont t  

ind ica tes  t h a t  an abso lu te   s ea   l eve l  drop vas  appajrently  res- 

ponsibfa   for  -?ne deposi'tio-ri o f  8, "shoaling  upwwds"  sequence, 

" S e d i m e n " c ~ ~ ~ ~ ~ e s s i o n "   i n d i c a t e s  t 'nat   an  effect ively con- 

s t a n t  sea l e v e l  ".s coupled with a rate of  carbonate  accumulat- 

ion  that was f a s t e r  tha,n the   ra te   o f   loca l   subs idence , .  The 

term  "sedimentary  regression"  includes t h e  progradat ion o f  

t i d a l  f l a t  environments. 

I 
Both  *!transg.ressive" a d  ' 'regressive"  rock  sequences m8.y 

bs explained by o the r   t han  absoll?-te sea  level  f luc-k.mtions,  

A r e l a t i v e l y  high r a t e  of  regional  subsidence  coupled w i t ' ?  a 

rsla-bivel-y low r a t e  of  carbonate  accumulation may expla in  some 

serially extensive  'Vxansgressive" rock sequences,  whereas 

storm piercement  of  an  undaform-edge b a r r i e r  may explain. more 

h e a l   " t r a n s @ s s i v e "  changes.  "Sedimentary  regression" may 

expla in  many "regressive" rock sequences. Hovrever, e u s t a t i c  

s e a   l e v e l  shif ts  a re   f r equen t ly  invoked t o   e x p l a i n   l a r g e  

scale v e r t i c a l   f a c i e s  changes in  Permian  deposits i n  the  

southwestern  United  States  (e .g, Wanless, 1972; hleissner, 

1972). Glacia t ion ,  global t ec ton ic s  and s torage  of water 

i n   l a k e s   a r e  some of   the  possible  mechanisms, Al te rna t ing  

g l a c i a l  and i n t e r g l a c i a l   p e r i o d s   i n  Gondwanahnd a re   o f t en  

suggested as the  most  l ikely  cause  because  they  can  account f o r  

the   repea ted   sea   l eve l   f luc tua t ions   in fer red  f o r  Ear ly  and 
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Middle Permian  time. Howevers a change i n   t h e   s i z e  of ocearl 

basins due t o  s h i f t i n g   c r u s t a l   p l a t e s   c o u l d   a c c o u n t   f o r  sorile 

shifts. 11, less l i k e l y   p o s s i b i l i t y  is the  temporary  storage o f  

l a rge  volumes of  water in fresh-water  lakes  (Wariless, 1972). 

Only several.  of 'the "trtznsgressive-regressive" cycles   discussed 

i n  the   nex t   s cc t ion  can be conf ident ly  attribu.ted t o   a b s o l u t e  

s e a   l e v e l   f l u c t u a t i o n s .  

Cycles in the  UDner Yeso and Lswer San d a d r e s  F_ormations 

The uppes Yeso and lower San Andres Formations of t h i s  

study  appear  to  have  been  deposited  in  seventeen  "transgressive- 

regress ive"   cyc les ,  In general ,   the   9"gressi t -e"   port ions of 

these  cycLes  tend  to be pro longed ,   resu l t ing   in   th ick   depos i t s  

and ind ica t ing  a gTadua1  "marine" and/or "sedimen,'iary regres- 

sion," whereas  the  "transgressive"  portions  tend %e be " rap ids"  

r e s u l t i n g  i n  t h i n  depos i t s  and i n  an abrupt  change Prom more 

saline t o  less sal ine-water   deposi ts ,  similar to those  discussed 

by lrvrin (1965)  These abrupt  changes o r  "kicks"  have  been 

used   to   recognize   cor re la t ive   po in ts  t o  establish  approximate 

t ime  equivalents  017. P l a t e s  IX and S .  For example,  the  lower 

boundary  of " t r ansg res s ion - re~~ess ive"  cyc le  7 was placed a t  

the  base  of  the '  first normal marine  rock  .unit   present i n  most 

o f  the  measured  sections on P l a t e s  IX and X. A r e l a t i v e l y  

t h i c k   l i n e  was used   fo r  t h i s  boundary t o   i n d i c a t e  t ha t  t h i s  

cycle  begins w i t h  a major marine  transgression. The lower 

'boundary of  cycle 8 was pos i t ioned  on the  basis of the   th ree  

measured sec t ions  tha t  conta in  an abrupt change  from r e l a t i v e l y  

r e s t r i c t ed   t o   r e l a t ive ly   un res t r i c t ed   depos i t i ona l   env i ronmen t s .  
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The cycle's  lower  boundary is marked by a r e l a t i v e l y   t h i n  

l i n e ,  vrhich indica.tes a minor  transgression and. vihlch is dashed 

where it passes  through  measwed  sections wi th  no  evidence of 

trxnsg-ressive  deposits a t  the  approximate  horizon. 

Three  major  trarmgressive  "kicks"  (begi.nning  cycles 7, 13, 

and 3.5) i n  the  lovrer San .Anfires Formation are t raceable   over  

most or a l l  of' the  s h d y  a reao  These "kicks" ar'e a. t t r ibuted 

t o  major  marine o r  eustatic  transg-ressions.   Thirteen  minor 

t ransgress ive  t*kicks's (beginning  cycles  2,3,4,5,6,8,9,10,11, 

12,14,16, and 1'7) are  tracea,ble  over some t o  a l l  of the  s tudy 

area.  No convincing 'way was found t o   d i f f e r e n t i a t e  between 

icd.ividu?usl. "kicks"  predominataly  caused by a r i s e   i n   a b s o l u t e  

sea l e v e l  and  those  predominately  caused by a ra te  of  subsid- 

ence   g rea te r   than   the   ra te  of  sediment  accumulation. The 

inrlur, of Lerrigenous sand to   depos i t iona l .   cen ters  i s  commonly 

assoc ia ted  in the   geologic   L i te ra ture  w i t h  low s e a   l e v e l  stands 

re su l t i ng   f rom  eus t a t i c  sea leve l   f luc tua t ions .   Cycles  5$ 9 ,  

and 1 0 ,  which begi.n wi3h the  in f lux  of terrigenous  sand  south 

of Walker  Ranch, thus  may r e f l e c t  absolu-ke sea  level .   f luctu-  

a t ions ,  The depos i t s  o f  cycle  1 were  noted  only a t  Walker 

Ranch, where the  t ransgress ive   por t ion  of the  cycle  was no t  

exposed.  Hence,  very l i t t l e  may be infer red   about   the   o r ig in  

of  cycle 1. 

The Glorieta  Sandstone Member a t  Walker Ranch cons i s t s  of 

f i v e   c y c l i c   r e p e t i t i o n s  o f  s t ra ta ,   each   involv ing   lower  f l o w  

regime  deposits.  These  conaist  of  upper-lower  flow  regime 

depos i t sp  which are in t e rp re t ed   t o   r ep resen t   t r ansg res s ive  
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phases, t h a t  cap  lower-lowerhregime  deposits,  which  axe  inter- 

p re ted   to   represent   regress ive   phases .  These i n t e r p r e t a t i o n s  

permit a good c o r r e l a t i o n  between  transgressive  "kicks"  inferred 

in   the   sands tone  a t  t h e  boundary  between  ,these two d i f f e r e n t  

types o f  flow regime  deposits and those "kicks" noted in t h e  

carbonate member ( P l a t e  X ) .  

No genera l  method was fou.nd i n  %his study '60 dis t inguish  

between regressive  rock  seyuencss   deposi ted by marine o r  

e u s t a t i c   r e g r e s s i o n  and those deposited by sedimentary  regres- 

sion. However, the  "shoaLing upwards" sequence i n   t h e  middle 

carbonate  tongue a t  Canning Ranch is  suggestive of nar ine(or  

eustatic)  regression.  There,   normal  marine  rock  units pass up 

i n t o   i n t e r t i d a l  rock u n i t s   i n  8, v e r t i c a l   d i s t a n c e  o f  ahout one 

f o o t ,  Assuming that  sedimentary  regression was responsible  

would imply tha t  aboirt a foot   depth of  water a t  low tid.e was 

s u f f i c i e n t  f o r  well  developed norma.1 marine  'conditions Lo 

e x i s t .  However, it i s  unl ike ly  that the   var ied  and abundant 

normal  marine b i o t a   p r e s e n t   i n   t h e  normal  marine  facies  (f igure 

l 2 B )  could  have  survived  and  prospered i n  such  shallow  depths 

f o r  the  fol lowing  reasons.  A one foot  depth  suggests t ha t  only 

minimal c i r c u l a t i o n ,  i f  any, was possible .  And t ropica l   s torms ,  

which  would  have  occurred  frequently on a geological  t ime 

Scale ,  would most l i k e l y  have  uncovered  such  shallow  sediments 

pe r iod ica l ly ,  

Figure 21  i l l u s t r a t e s  a well-developed  "shoaling upwards" 

sequence  present   in   the Hondo sec t ion ,  





PIZDERNAL POSITIVE EIZMENT 

The s t u d y  a rea   occars  on the  Pederna1  posit ive  element 

( f igu re  22) The Pedernal seems t o  have  been t h e  most ac t ive  

t e c t o n i c   e l e m e n t   i n   c e n t r a l  New hiexico a t  1ea.st i n  Iltiddle  and 

Late  Pennsylvanian,  and Early Permian time (Dixon,  1967) Con- 

‘tir1Qai;ion of t h e  rise of  t h e  Pedernal. during Wolfcampian  time 

r e s u l t e d   i n  clenudation well i n t o  the Precambrian  basement 

(Kelley,  1971) and. depositicrn of the  conglomerates of “Le 

Laborcita  and Abo Formations of  Otero County (Pray, 1961;  Otte, 

1959)* The regional  tendency  dur2ng  the Early Permianp 

espec ia l ly   dur ing  Wolfcampian  time, was t o   e l i m i n a t e  much o f  

t h e   r e l i e f  of the  Late  Pennsylvanian/~a.rl.y  Permian  basins:  the 

Orogmmde,  Delawaxe$ and Kidland basins an6 the  Centt-al. bas in  

platform ( f i g m e  2) . 
The s t r u c t u r e  o f  the  Pedernal  posit ive  element i s  no t  

well known, but it appears t o  have  been a broad upvmxp in. some 

p laces  and  fault-bounded  blocks  in  others  (Kelley,   1971).  The 

f i r s t -order   b road   sur face  of  ,the  Pedernal we.s h ighly  i r r e g u l a r  

with second  order  knobs o f  d i f f e r ing   e l eva t ions ,  One such 

Precambrian  knob i s  now exposed j u s t  nofth ( T . l N . ,  R.13E.) and 

ano the r   j u s t   sou th   (Pa ja r i to  Mountain, T.l2S., R,l ’ jE ,  and 

R.16E.) o f  the  study area (ICelley,  1971,  1972). The outcrop 

of these  two knobs i s  about 3 t o  2 miles  in  diameter.   These 

knobs  appear  to have  been islands a t  l ea s t  s eve ra l  hundred f e e t  

h igh  i n  h!iddle  Permian seas ,  which became covered wi th  sedi-  

ments as regional  subsidence and deposit ion  continued  through 

Permian  time,  Regionally  (Kelley,  1971, 1972) arkosic  sandstone 

. .  
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and  conglomerate  are  present i n  the  basal p a r k  of  the  Yeso 

Formation  and  Glorieta  Sandstone  where  these  units  lap  onto 

o r  are   in   proximity  to   Precambrian  expost~res ,  

Kel ley (1971) found  evidence in  the  Capitan-Ruidoso  area 

of  Lincoln  County  (figure 1) o f  r e p e a t e d   a c t i v i t y  of  the  Ped- 

e fna l   pos i t ive   e lement  Prom Permian we l l  i n t o  Te r t i a ry   t i xe .  

Even though  deposition  covered  most o f  t h e  PedernaL  posi-i;ive 

element  during  Glorieta and San Andres  time, it appears   to  
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have acted as a b u r i e d ,   y e t   r e l a t i v e l y   p o s i t i v e   f e a t u r e .  Kock 

(1970)  found that t h e  Yeso Formation wedges ou ta  wF~ereas the  

San Andres  Formation,  including  the  GLorieta  Sandstone Memberp 

t h i n s   d r a s t i c a l l y  as i S e y  onlaps the  Pedernal i n  the  zrrrja 

arou.nd north.easCern  Torrance  County,  north o f  t h e  s?~!.dy area  of  

‘this repor t .  1lot’~lovfslri (1963)  invoked a r e l a t i v e l y  posi.tive 

Pedernal  element as one poss ib le  v r a j j  t o  expla in  tine complex 

problem o f  t h s  age of  the  San Andres. He suggestf:ed tha t  the 

e n t i r e  Termian s e c t i o n  may change fac ies   go ing  from west t o  

east   across .   the   Pedenlal ,  A b u r i e d ,   y e t   r a l a t i v e l y   p o s i t i v e  

Pedernal  element i s  a l s o  used i n  t h i s  s tudy t o  explain  We ais- 

t r ib i t t ion  o f  lower  San  hndres   l i thologies   in   and  adjacent  t o  

T d x o l n  County.  Included  are bedded evapor i tes  and carbonates 

west of ‘the s tudy  area,   carbonates  and sandstones i n  the  study 

area,   and  carbonates   east  o f  %he s tudy   a r ea   ( f igu re  5). 
DETdIL3D PALEOGEOGRAPHY 

I n - k r o d u c t i .  

~ 

Most of New Nexico  du.ring  Middle  Permian  time,  including 

Lincoln  County and ad jacen t   a r easp  is considered t o  have  been 

a paleogeographic  shelf  provi.nce  (Irleissner,  1972).  Analysis 

of   the  carbonates  and sandstones i n  the   s tudy   a rea  on the  basis 

o f  recent  deposit ional  models8 and the   p r inc ip l e s  of carbonate 

sedimentology  and  pf..ysica.l  sedimentation  suggest t h a t  the  

Permian shelf i n   c e n t r a l  New Mexico may be subdivided i n t o  

“deeper“  and  “shal.lower“  parts,  that i s  below  and  above wave 

base 

~ 

Rich (1953.) coined  the  terms  undaform,  clinoform,  and 
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fondoforin,  which  are  analogous to   the   genera l   t e rms  o f  she l f ,  

s lopep  and basin,   except  t h a t  they  are  independent  of  scale.  

The r o o t  unda r e f e r s  'to t h e   r e l a t i v e l y   h o r i z o n t a l  part  of  the  

s e a  fLoor  within the  depth oQ e f f e c t i v e  wave ac t ion ,  and &j&~ 

t o   t h e  more s teeply   s lop ing  par t  of  t h e   s e a   f l o o r  that; extends 

down t o   t h e  more leve l   deeper   par t  below wave ba.sep the  

These terms  are   very  useful  f o r  subdividing a recognized  shelf  

provinca  f ree  of any bas ina l   charac te r .  

Severa l   independent   l ines  a? evidence  lead Lo t he  hypoth- 

e s i s  t'na,t m u s t  of %he lower  San  Andres  Formation i n   t h e   s t u d y  

a rea  was deposi ted on an undaformp  which was west  of  an 

undaform-edge bmrier   envi ronment ,%hat   t rended   genera l ly   nor th-  

south i n  eastern  Lincoln and  western Chaves  County ( f i g u r e  2 3 ) .  

These include:  1) -the na ture  and. d i s t r ibu t ion   of   cerbonate  

rock 'types and recognized  deposi t ional   . faciesp 2 )  the  trend  of 

t hc   ea s t e rn  edge of the  Pederna3. posit ive  element and thickness  

t rends  in   the  lower,   middle ,   and  upper   Glorieta   tongues,  and 

31 paleocurrent  ana.lysis of  the  upper  Glorieta  tongue, The 

e n t i r e   s t u d y   a r e a  vias presumably  below wave base  during high 

sea l e v e l   s t a n d s  and  hence,  In  the  fondo  environment. Measured 

sec t ions   i n   t he   no r the rnp   sou the rn ,  and  western  sides of the  

s tudy   a rea   a re   no t   sed imento l .og ica l ly   d i s t inc t ive  enough t o  

permit any but   the  most gen,eral  paleogeographic  extrapolation 

outSde  the  study area. T h i s  exLrapola'tion i s  included  in   the 

l a t e r   s e c t i o n  tha t  proposes  models f o r  Lower San  hndres  depos- 

i t i o n .  



Nature and Di s t r ibu t ion  o f  CarbonaCe Rocks and  Facies 

The formation o f  spheroidal ,   wel l   rounded  carbonate   ool i tes ,  

such as a re   p re sen t  i n  the Canning Ranch and Bluewater  sections 

af t h i s  s tudy ,  requires   water   supersaturated wi th  calcium  carbon- 

a t e  and  an  environment w i t h  s t rong   and   cons is ten t   ag i ta t ion .  

Modern large-scale  ool. i te  formation i s  known only  from  very 

shallow, warm-water environments i n  which t idal  currents   keep 
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the   g ra ins   in   near ly   cons tan t   ag i ta t ion   (Heckel ,   1972) .  

Oolit ic sediments  are  found in  the  more shoreward  extent  of 

'the ag i t a t ed  zone in  which e f f e c t i v e  wave base i n t e r s e c t s   t h e  

bottom  surface i n  t h e  southern  Pers ian GuI+f* in   the   Grea t  

Selt  Lake of Utah, and on the  margins o$ t h e  Bahamas Platform. 

Th i s  l o c a t i o n  is explainable  on theoretical: .  groundk (Irwin, 

l965), and o o l i t i c   r o c k   u n i t s  lin most  ancient ca.rbona.te 

sequences  should  represent  deposit ion i n  similar  environments.  

Low-energy carbonate   deposi t ion commonly proceeds on both 

s i d e s  of t h i s  agitated  ooli te-forming  zone; on 'the l o w  (fondo) 

side  because  sediments  are below viave base  and on the  high (u.nd.a) 

side  because the kinet ic   energy 09 waves  and cu r ren t s   a r e  

dampenh in  the  agi ta ted  zme  (Heckel ,   1972) .  O o l h j c  sand 

'bodies  generally  form  discontinuous  to  continuous  trends 

rough ly   pa ra l l e l  t o  the  high-energy  zone, whose pos i t ion  is 

determined by the   pos i t ion   o f  t n e  undaform-edge, t h a t  i s . t h e  

break i n  s lope  (Bal l ,  1967). . .  

d 

iilud-supported  carbonate fabrics ind ica t ive  of low-energy 

depos i t ion   charac te r i se   about  95% of the  lower San  Andres 

Formation in   t he   s tudy   a r ea .  O f  the'  remaining 5%$ o o l i t i c ,  

grain-supported  fabrics  indicative  of  high-energy  deposit ion 

are   only  found  in   the  easternmost   sect ions i n  the  s tudy  area,  

where they f o r m  20s of the  Bluewater  and  Canning Ranch sec t ions ,  

a r e  common about 5 miles southeas t  of  Bluewater, and a r e  abund- 

a n t  in the  upper Yeso Formation a t  Sunset ,  They are   repor ted  

f rom the  upper  carbonate  tongue a t  S u m e t  by Kelley (1971),  

although  such  were  not  found by the  author .   Emergent   t idal  
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f l a t  c a r b o n a t e   f w i e s  presenk i n  a l l  sect ions  except  Fox Cwe 

and Valker 3anc.h suggest t ha t  the   s tudy   a rea  would have t o  be 

on the  high (unda! r a the r   t han  the low ( fondo)   s ide  of the  

clinoform. The presence of abundant  mud-supported  rock  units 

interbedded w i t h  t h e   o o l i t i c   u n i t s  and the   assoc ia t ion  o f  

decreased water r e s t r i c t i o n  and more open  marine  conditions a t  

mus-k mxmarori s c c t i m s   ( P l a t e s  SX and X )  wi th  the  appearance 

of o o l i t i c   r o c k   u n i t s  a t  Bluewater and Canning Ranch may 

reasonab3.y  be in t e rp re t ed  as fol lovrs  t 1.) mud-supported 

sediments vrefe deposited a t  Bhzewater and Canning  Ranch, while 

grain-supported  sedimel?ts  were  deposited  along an v.nda.form- 

edge e a s t  02 the  s tudy  area  during much of lower Sa l  Andres 

time, and. 2 )  the unda.Eorm-edge environment  migrated  westward 

. .  

t o   depos i t   oo l i t i c   s ed imen t s  a t  Bluewater and Canning Ranch. 

dur ing   re la t ive ly   l imi ted   per iods   o f   lower  Xan Andres  time 

i n   r e s p o n s e   t o   r e l a t i v e   r i s e s  i n  sea  level .  tha t  weTe no t   l a rge  

enough %o p lace   t he   en t i r e   s tudy   a r ea  below wave base i n  %he 

f ondo erwironment . 
Extrapolation  northwestvrard of t he   l i nea r   t r end   o f   s ec t ions  

with ool i tes   (Bluewater  2nd Canning  Ranch) would mean tha t  the  

Bogle Dome and Walker Ranch sec t ions  were deposi ted on the  

low (fondo)   s ide  of  the  undaform-ed.ge. However, t he   co r re l -  

a t i o n  of ca rbona te   depos i t i ona l   f ac i e s   (P l a t e  IX) suggests  tha t  

Bogle Dome and  Walker Ranch were deposited on t h e  undaform, 

Hence, we  may deduce t h a t  i f  an undaform-edge t rend  cont inues 

northward.,  then it would have Lo swing to   t he   no r theas t  from 

Canning Ranch forming  an embayment. Figure 23 i l l u s t r a t e s   t h e  
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u1ld&orm-edge t r end   i n fe r r ed  f r o m  t h e   d i s t r i b u t i o n  of t h e  car-  

bonate   deposi t ional   facies   of  t h i s  s'tudy. 

Eastern  3dge o f  t h e  Pederna.1 Pos i t i ve  Element 

In t roduct ion  

The trend of  the  eastern  edge of the   Pederns l   pos i t ive  

element   ( f igure 22; a f t e r  Hills 1967) and -the th ickness   t rends  

of the  lowero rnid.dle, and upper  Glorieta  tongues may be iade- 

pendent  evidences f o r  -the exis tence  of  an undaform-edge. How- 

ever,  they  xre  grouped  -together i n  t h i s  section  because Hills 

(1967)  does not indicate  whether  the  trend and posikion  of 

t he   ea s t e rn  edge o f  the Pedemal  i s  based on isopach data, in 

which  case  these  evidences would n o t  be independent, 

Trend o f  the Eas te rn  Edge of  the  Pedemal  Posit ive  Element 

Figure 22 i l l u s t r a t e s   t h o   t r e n d  o f  t he   ea s t e rn   s ide  of 

the  Pedernal  pasi%ive  element during Early  Permian  time wi th  

r e s p e c t   t o   t h e   p o s i t i o n  o f  Lincoln County  and  'the  measured 

sect ions  of  t h i s  s tudy.  This  t rend  is s u b p x a l l e l  t o  t h e  

t rend of  t h e  undaform eclge predic ted   f rom  the   d i s t r ibu t ion  of 

carbonate   depos i t iona l   fac ies   ( f igure  23) The para l le l i sm 

of t rends  m a y  be explained by the  Pedernal  having ac ted  as a 

bu r i ed ,   ye t   r e l a t ive ly   pos i . t i ve   f ea - tu re .  Thus, the  seas over 

%he Pedernal high would have  been  shallower than t o   t h e   e a s t  

and  west.  During  lower  sea  level standss the  sediment-water 

i n t e r f a c e  would l i k e l y  be above wave base  over  most of the  

Pedernal and below wave b a s e   t o   t h e   e a s t  and the  west,  This  

would r e s u l t   i n  an o o l i t i c  undaforn-edge  trend  such as t h e  one 

i n f e r r e d   t o  be p r e s e n t   e a s t  o f  the  study  area.. 
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Thickness Trends in t h e  Three Glor i e t a  Tongues 

An isopach map ( f i g u r e  24) i l l u s ' t ca t e s   t he   gene ra l   t h i ck -  

ei?ing of  the  upper  Glorieta  tongue  west %o eas t   ac ross   t he   s tudy  

area ,  The lower and middle  Glorieta  ' tongues  thicken  similarly 

across  %he study  a.rea  (figure 9)  e However, only a r e l a t i v e l y  

very t h i n  ba.sa1 sandstone is present  in  the lower 1,000 f e e t  

of the  San Andres Por~naLion i n  the subsurface  approximately 24 

miles due east o f  Bluewater (Amerada SI1l-SR"A" : idei.ssnert 197%). 

I t  i s  very d i f f i c u l t   t o   d e v i s e  a model that  accounts   for   the  

szndstone  thiclrening and y e t  i s  compatibl'e with the   o ther  

observat ions made d n r i ~ g  Lh is  study  without  invoking an undaform- 

cage environment e a s t  o f  the  study area .  
- 
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Paleucurrent  Analysis of ’the  Upper Glor fe ta  Tongue 

Analys is   ind ica tes  t h a t  t h e  pa leocufren t   d i rec t ions   in fer -  

r e d  f o r  the  upper  Gloriata  tongue  are sub-parallel t o  the  

undsform-edge  trend  inferred from the  s tudy of  carbonate  depos- 

i t i o n a l   f a c i e s  (figure 2 3 ) .  This sugges”ts LI2a.t ei i ;her  the  cur- 

r en t s  responsible f o r  quar tz  sand ‘transport  and d.eposit ion were 

corztroLled by the   t r end  o f  t he  undaform-edge o r  vice  versa .  
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UEP0SITIONAL MOD3L FOR LOWn SAN ANDliES TINE 

INTRODUCTION 

Major objec t ives  off t h i s  s tudy  are  the  examination of the  

facies   mosaic  ole the  lower Sa? Andres  Formation and its environ- 

menta l   in te rpre ta t ion .  The deposit ional  models pro-posed i n  

t h i s  r e p o r t  al?e compatible with "cne observat ions mwdz i n   t h e  

s tudy   a rea  and Viith r.easonable  inferences  based upon these  

observations.  These  models  are a.lso compatible w i t h  the  gross 

l i t h o l o g i e s  of the  lower San kndres  Formation  in  western  Lincoln 

and e a s t e r n  Socori-o  Counties ( a f t e r  Harbour, 1978)  and i n  

western Chaves  County (Keiss1?er, 1972)  I H ~ w e v e r ~  it i s  recog- 

nized t h a t  subsequent  detailed  surfaxe and subsurface s tudy  

of  the  lower San Andres may provide  prospect ivas  that will 

inval idate   a .spects  of  these  models. 

CARBONATE D5POSXTIQNAL MODEL 

"- Intrcductiion 

The cross -sec t ion  of  f i g u r e  25 i l l u s t r a t e s   b o t h   t h e   i d e a l -  

ized model off carbonate  deposit ion  of  VJilson (1970) and the  

in te rpre ted   depos i t iona l  model Tor  lower San Andres  Formation 

deposit ion  in  southern  Lincoln  County,  th t  is south o f  Walker 

Ranch. Terrigenous  sand  deposit ion was predominant i n  the  

v i c i n i t y  o f  Wallcer Ranch and  north of it and is discussed 

sepa ra t e ly  i n  the   next   sec t ion .  Z'he interpreted  carbonate  

model a p p l i e s   t o   d e p o s i t i o n   i n  an  cast-west  direction  through 

Lincoln  County  and,,adjacent  areas. The a p p l i c a b i l i t y  of t h i s  

model south of  the  s tudy  area is urlknovm. 

kt0 
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Ca,rbona-te sediments  and  -terrigenous s.and were apparently 

deposited i,n r e s p o n s e   t o   r e l a t i v e   s e a   l e v e l   f l u c t u a t i o n s .  Hencep 

deposi t ton of the  lower San Andres  Formation i s  discussed below 

i n  terms of low, high,  and in te rmedia te   sea   l eve l  s'kands. 

Low Sea. Level Stan& 

Low s e a  lev-&?- s t a n d s   i n   e a s l y  San Andres  seas  occurred as 

t h e   r e s u l t  o f  sea  level  drops  (marine or  eus t a t i c   r eg res s ion )  

o r  the  accumulation of  carbonate  sediments towards " f i l l  l eve l"  

(sedi.mentmy  regression) The undaform-edge barriers in fe r r ed  

t o  be p resen t   t o   t he   ea s t   i nh ib i t ed   wa te r   c i r cu la t ion  i n  the  

study a r e a ,   r e s u l t i n g   i n   r e s t r i c t e d ,  low-energy  environments. 

There was s u f f i c i e n t   c i r c u l a t i o n  t o  preven t   t he   p rec ip i t a t ion  

of' bedded  evaporites i n  the  s-bdy area.p suggest ing t h a t  th.e 

undaforrn-edge b a r r i e r s  may have  been somewha:t discontinuous 

and/or tha t  "freshening"  waters f r p m  the   nor th ,  +vest+ and/or 

south   regular ly   en te red   the  s tudy a rea .  Nowever, water   l eve ls  

were temporar i ly  low enough to   c r ea t e   su f f i c i en t   r e s ' t r i c -L ion  

t o  form  some/,txdal f l a t  2nd poss ib ly  even  subaqueous  diagenetic 

evapori te   nodules  and c r y s t a l s .  KTcs-t o f  the  Yregz-essive" port-  

i o n s  of  the  seventeen  " t ransgressive-regressive"  cycles  of t h i s  

study were deposited  during  such l o w  sea   l eve l   s t ands ,  

e n w p t  

The in f lux  of  terrigenous  sand sou-t'h of  Walker Ranch t o  

form the  lower,  middle,  and  upper  Glorieta  tongues is t r e a t e d  

a t  l e n g t h   i n   t h e  n.ext  section, however i- t   appears t o  be r e l a t e d  

t o  low s e a   l e v e l  s t a n d s  i n   t h e  s tudy  a rea .   Th i s   r e l a t ionsh ip  

has  also  been no-ted i n  other  Permian  formations in the  south- 

west of the   Uni ted   S ta tes  ( B a l l  & & 19718 Meissner, 1972). 
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Undaform-edge carbonate   un i t s   t ens  of f e e t   t h i c k   a r e  

p o s t u l a t e d   t o  have  been  deposited i n   p r e s e n t  day eas t e rn  

Lincoln and western Chaves  County during low sea   l eve l   s t ands .  

Normal marine  conditions  are  inferred  to  .have  been  present on 

t h e  low (fondo)  side  of  the undaform-edge b a r r i e r s p  where water 

cl.rc!:l.athm  should haw? heen good at l a a s t  i n  t h e   v i c i n i %  of 

the  undaform-edge. The "abrupt"  appearance  of  normal  tnzrine 

fauaa in t h e   s t u d y   m e a  folloywing major t ransgress ion  is com- 

p a t i b l e  with the  inferred  presence of normal  marine  conditions 

i n   t h e  fondo  envirmment   east  o f  the  u.ndaform-edge. And t h e  

absence of evajjori-tes in.  the lower 1,000 f e e t  o f  thc  San An&es 

Formation i n   v e s t e r n  Chaves  County  (Amerada ST 1-SR "A", f i gu re  

I) proves thxb c i r c u l z t i o n  xy9s s x f f i c i e n t  t o  preverl t   the   precipi t -  

a t i o n   o f   s t r a k i f i e d   e v a p m i t e s   i n  t h e  fondo environment, 

The lower S a  lindres  Pormaticr! i n   wes t e rn  Lincoln, eas t e rn  

Socorro,  and northern  Otero  Counties is charac te r ized  by the 

presence o f  s t r a t i f i e d   e v a p o r i t e s   t e n s  of  f ee t   t h i ck   . ( e .g .  

Rirlconada Canyon section  of  Harbour, 1970; f igu re  5 of t h i s  

r e p o r t ) .  Such s t r a t i f i e d   e v a p o r i t e s  are bel ieved t o  form e i t h e r  

by t h o  sedimentation of evapori te   minerals  i.n r e s t r i c t e d   s u b t i d a l  

environments o r  diagenet ical ly   und-erneath  evapori t ic   t idal  f lats 

(e .g .   coas ta l  sabkhasa Lucia, 1972). These  lower  San  Andres 

evapori tes   occur   direct ly   west  of the  Federnal   posi t ive  e lement  

and  hence a r e   i n t e r p r e t e d  t o  have  formed i n  a fondo  environment 

there   because  of   the  evidence  presented  ear l ier   that   the   Federnal  

acted as a bu r i ed ,   ye t   r e l a t ive ly   pos i t i ve   f ea tu re .  This con- 

1 
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e lus ion  is  cons is ten t  with t h e   i n t e r p r e t a t i o n  o f  a fondo  environ- 

ment e a s t  o f  the  Pedernal  and with the  following  observation. 

Deposit ion a t  Fox Cave, the  most  westward s e c t i o n   i n  the study 

area, appears t o  have  been  deeper  and les's emergent  than i n  

the  o ther  seet3.0nsp  because Fox Cave is the  only  sect ion,   except  

f o r  \'lalker Ranchl t o   l a c k  m y  evidence of  supra.tida1 o r  in te r -  

t i d a l  c q b o n a t e  depposi'tion. T h i s  observat ion  suggests  a t  

l e a s t   a n   i n i t i a l  deepening of the  lower S m  Andres seas westward 

across   Lincoln County. Howevert a sabkha o r i g i n  for these  evap- 

o r i t e s   c a n   n o t  be completely  discounted  on  the  available  evid- 

ence. Consequuen-kly, bo'th p o s s i b l e   o r i g i n s   w e   i n d i c a t e d   i n  

flguxre 2Sb. 

-?-Sea Level Sta& 

After   major   marine  t ransgressions  central   Lincoln County 

was covered by encv.gh water. f o r  normal marine  conditions  to 

predamfn.ate i n  t h e  s tudy  area.  The th in   t r ansg res s ive   po r t ions  

o:f "transgreesjve-regressive" cyc les  7 ,  13 and 15 were d.eposited 

during  these high sea level   s tands.   Bathymetr ical ly   higher  

a reas  were -the first t o  s h o a l  as t i e   r e s u l t  of subsequent  marine 

( e u s t a t i c )  O r  sedimentary  regression. The undaform-edge b z m i e r s  

postulated  presel l t   in   eastern  Lincoln and western Chaves  Count- 

i e s   du r ing  low sea l eve l   s t ands  may have  been drowned by these  

major  t r ansg res s ions ,   r e su l t i ng  i n  both the  former undaqorrn and 

+' ondoCom being below wave base. The carbonates  interbedded 

w i t h  t h e   s t r a t i f i e d   e v a p o r i t e s   i n  western'%incoJ.n and eas t e rn  

S O C O r r O  Cov.nties may have  been  deposited  during t h i s  time as a 

x e s u i t  o f  t h e   d i l u t i o n  o f  hypersal ine  br ines  by the   t ransgress ion .  

L 
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Intermediate  Sea  Level  Stands 

In. cent ra l   L incoln  County, following  minor  traasgressions 

tha . t   l ead   to   in te rmedia te   sea   l eve l   s tands ,  it appears t ha t  

water   c i rcula , t ion VIEIS sv . f f i c i en t   t o   " f r e shen"   r e s t r i c t ed   env i r -  

onments,  but  not enough %or  normal  marine  conditions  to be any- 

thi.ng but  local.. The trzinsgressive  portions  of, ,"transgressi~?e- 

regress ive"  cycles, except I, 7 ,  l 3 $  and 15, were probably 

deposi ted  during  intermediate   sea  level   s tands,  The o o l i t i c  

rock   un i t s  a t  Eluewater and Canning Ranch may be reasonably 

in t e rp re t ed  t o  have  formed by the  migration  westward of  the  

uncia.form-edge environment, rvhich' was p resen t   t o   t he   ea s t   du r ing  

low sea l e v e l   s t a n d s ,  i n  response  ' to  comparatively minor r e l -  

a t i v e  r i ses  i n  sea. l e v e l .  

al I 

In weste:rn  Lincoln  and  eas-tern  Socorro  Counties,  the hyper- 

s a l i n e   b r i n e s  formed during l o w  sea l eve l   s t ands  may have  been 

d i l u t e d  by these   compara i ive ly   minor   r i s e s   i n   r e l a t ive   s ea  

l eve l ,  r e s u l t i n g   i n   e i t h e r  carbona-ke or evapor i te   depos i t s  

depending  upon  the amount o f   r e l a t i v e  sea l e v e l   r i s e  and l o c a l  

condi t ions.  Howevers no  evidmce is available t o   s u p p o r t  t h i s  

hypothesis  or  t o  r u l e  o u t   t h e   p o s s i b i l i t y  t h a t  r e l a t i v e  sea 

l e v e l   f l u c t u a t i o n s   i n   w e s t e r n  o r  southern New illexieo  were 

respons ib le  f o r  the   evapor i te  and  carbonate  deposits  present 

i n  western.  Lincoln  and  eastern  Socorro  Counties. 
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R e ~ i o n 1 l , 4 s ~ e c t s  o f  Glorieta_Sandstone  Denositicrn 

A depos i t iona l  model t o  expla in   the   genes is  o f  the  GLorieta 

Sandstone i n   t h e   s t u d y   a r e a  must be compatible wi th  t h e  a e r i a l  

f i is t r ibut ion,   cross-bed  or ientat ions,   possible   shorel ines ,  

paleovlind d i r e c t i o n s ,  and o ther   ava i lab le  data on  the  Glofieta  

Sandstone  outside -the study  area,   Figure 26 i l l u s t r a t e s  much 

o f  what is IcnovJn o f  the   Glor ie ta  Sandstone i n  Mew I~Iexico. The 

southern limit of  the   Glor ie ta   Sands tone   in   cen t ra l  New Kexico 

is placed a t  the  approximate  location a t  which the   Glor ie ta  

begins t o  tongue  southward as the  lower  San  Bndres  Formatian 

becomes  dominantyiy carbonate  (e.g;.  between  the Walker Ranch and 

Bo& Dome sec t ions   i n   t he   s tudy   a r ea ) .  The Glorieta  Sandstone, 

excluding  i- ts   tongues,  ha.s a major  east-west component  and a 

nlajor  northeast-southwest component (bTeissner, 3.972) The 

northeast-southwest compone:?t includes  the  Glorieta   Sandstone 

i n   t h e   n o r t h e r n  1/3 o f  I h c o l n  County. This component extended 

southward t o  form the  lowerp  middle, and upper  Glorieta  tongues 

o f  t h i s  study  during  periods of  increased   te r r igenous  sand  

i n f l u x  

Tanner (1963)  pos tu la ted  a northeast-southwest-trending 

Permian  shorel ine  in   northern New Mexico ( f igu re  26) on the  

basis of  the many assumed shore l ine   cha rac t e r i s t i c s   p re sen t ;  

r i p p l e  marks, cross-bedding, ba r s  and channels,  fossils, beach 

rock ,   fac ies   changes ,  gypsum, supposed h a l i t e   p r i n t s ,  mud 

cracks,  t ra i l s ,  pebble   s izes ,  a,nd rock  thicknesses.  Tanner 

b 
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does  not  consider ’the possZble migratiiun of  t h i s  shore l ine  i n  

time in   r e sponse  %o r e l a t i v e   s e a   l e v e l   f l u c t u a t i o n s ,  However, 

such migrat ions were  probably  not  infrequent on a geological  

t ime  scale.  He interpreted  the  Glorieta   Sandstone  southeast  

of t h i s  shore l ine  ( b u t  north  of   the   area of t h i s  s t i l d y )  t o  be 

a.n offshore  sa.nd. The Glor ie ta   Sands tme s-t;udi.ed by tar me^ 

has many cross-bedsp most of which are orientecl  dominantly t o  

the  southwast. 

The paleowind  diractian cluring PerInian %ime vros probab1.y 

from the   no r theas t   ( f i gu re  261, This d iyec t ion  is  infer red  on 

the  basis of  t he   pos i t i on  of the  equatar  during  Permian  time 

as in fe r r ed  from paleomagnetic data ( a f t e r  Runcorn and Opdyks, 

1960 ,  in Keissner,  1972) and Id.e&IAzed erind c i r c u l s t i o n  pa.ths 

on m earth without  major land-masses  (Leet  and  Judson,  l971). 

The inferced  paleowind.  direction i s  su5-paya.llel t o  the   nor theas t -  

southwest component of t h e  G.lorie-ta  Sanitstone  and t o  t h e  Perm- 

ian shore l ine  of  Tanner (1963). And it is o r i e n t e d   i n   t h e   i n f e r -  ’ . 

r e d  mean pa l socur ren t   d i r ec t ion  o f  the Glorieta  Sandstone as 

determined from cross-bed  or ientat ions  in  the area  o f  this 

study and nor th  of  The study  area  ( f igure 2 5 )  These r e l a t i o n -  

ships suggest  t h a t  pabeowinds vlere the  dominant means of t rans-  

port ing  Lerr igenous sand. in to   nor thern  and c e n t r a l  Ifew Mexico. 

IfoYieverp l i t t l e  evidence o f  aeol ian  deposi t inn was noted i n  the  

Glor ie ta   Sands tone   in   the   s tudy  =-ea or has been  reported i n  

the  pub l i shed   l i t e r a tu re .  

Fewer c r i t e r i a   a r e   a v a i l a b l e  in the G.loPie’la Sandstone  than 

i n  the  associated  carbonate  member o f ’  the San Anti‘rcs Formation 
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f o r   d e t a i l e d  environmen'tal. in te rpre ta t ion ,   Indeed ,   the  d i r -  

ec t ly   assoc ia ted   carbo?la te  rocks provide 'the mos t  powerful 

t o o l s  for   in fer r ing   the   envi ronments   o f   depos i t ion  o f  'the 

Glorieta   terr igenous  sands.  The fol lowing  discussion  of  

Glor ie ta   genes is  is theyefore ,   necessa- i ly   hypothe t ica l . .  I t  

represents   the  author s attempt t o  provide   the ,  most  comprehen- 

s i v e  er.-pl-anation of all evidence  from  czrbon3t.e as we31 as 

te r r igenous   rock   un i t s .  

Marine  Ori.4.n o f  the Glorieta Sandstone 

Terrigenous sand i n f lux  i s  popu la r ly   r e l a t ed   t o  low sea  

l eve l  stands (Ball e 2  ,ag 19711, and S i l v e r  and Todd (1969) 

have  postulated an aeol ian  dune a r i g i n  Tor m<my o f  the  Permian 

sandstones of southeastern New Mexico,  Wind-driven processes 

f o r  the  reasons enumerated in the   preceeding  sect ion,  xmst kdve 

been impor tan t   in   t ransporf ing  t h e  terrigenous  sand o f  the  

Glorieta  Sandstone  into  nortb.ern and c e n t r a l  New Rexico. How- 

ever ,  a t  l e a s t  much of   the  GLorieta   in  the study  8rez  appears 

t o  have  been  deposited  and/or  reworked by marine  processes  for 

several   reasons.   These  include the  presence  of:  2) sh&llow 

marine burrows in   the  upper   Glorieta   tongue a t  Bluewater and 

i n   t h e  lower Glorieta  tongue a t   P o r t   S t a n t o n ,  2) interbedded 

mwine  (subt idal)   carbonates ,  3 )  ccmparatively  poorly  sorted 

wavy bedded  and  massive rock u n i t s l  which are imcompatible 

wi th  the exce l len t   sor t ing   expec ted  of aeol ian  processes ,  and 

4) interpreted  marine  channel  deposits  in  the  middle  GLorieta 

ton-gpe a t  Sunset,  

. .  

! 
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Ctirbor.ate rock  uni ts   underlying t he  lower  mi.ddle,  and 

uppej: Glorieta   tongues  in   the  s tudy  area SUggSest t h z t  a-i; l e a s t  

much of  the   t a r r igenous  sznd i n  the  Glorieta  Sandstone vias 

I_ not   or iginal ly   deposi ted.  in aeol-itii d:unes and 'Glen la ter  

reworked by rn-arine processes ,  First ,  sub%idal.  carbonate depos- 

i t i ona l   f ac i e s   unde r l i e   t he   t h ree   G lo r i e ' t e  tongxs i.n almost 

el1 sections, and no  evfdence o f  subaer ia l  s m d  scour i s  

p r e s e n t   i n   t h e s e   s u b t i d a l   f a c i e s ,  Seccrnd, a t h i n  ( 2  f e e t ) ,  very 

silty sandstone a t  the base of the  upper  Glorieta  tongue a t  

Canning Ranch d i r ec t ly   ove r l i e s   an   evapor i t i c   t i da l .   f l a t  

f a c i e s ,  which  shows widerice o f  subaerial   exposwe  (shr inkage 

cracks and. dolomite  pore-filling  zement) The compara'bi-vcly 

poor sorxing of this 'thin  sandszone io Incompatible. with 

aeolian processes,  which  should  have winnowed o u t  t h e   f i n e  

te r r igenous   g ra ins ,  Hence, evidence  gathered. i n  -this stucur 

Suggests tha t  marine depos i t i on   r a the r  t2w.n aeolian  d.eposit ion 

and./or 'the/,reworking of  aeolian  dunes was respon.," p ~ a l e  f o r  the  

genes is  o f  at l e a s t  much o f  the  Glorieta   tongues in the  study 

area.  Zvidence  suggesting  the  marine  origin of the   Glor ie ta  

marine 

Sandstone a t  Walker  Ranch, where terrFgen.ous sand  deposit ion 

vas predominant  dwing  early San Rndres  time, is presented i n  

the  fol lowing  sect ion.  

- Depositional Model fo r   t he  Glorieta Sandstone Nor th  of Boqle 

- Dome 

A deta i led   depos i t iona l  model f o r  the  Glorieta,  Sandstone 

no r th  o f  t h e  Bogle Dome sec t ion  is not   poss ib le  becmse only 

one ou-tcrop  (Walker  Ranch) was examined during t h i s  study. 
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However, a general  model is proposed, which is compatible 

with ma.ny of -tine c h a r a c t e r i s t i c s  o f  the Glorieta  Sandstonc  50th 

ins ide  and outs ide  of   the  s tudy  area.  

Analysis of ca rbona te   depos i t i ona l   f ac i e s   i n  'the lolrrer 

San  Andres  Formation  suggests tha t   about   seventeen   re la t ive   sea  

Level   f luc tua t ions   apparent ly   in f luenced   depos i t ion   in   l a%e 

Yeso  and e a r l y  Sari Andres seasI  Evidence f r o m  t r a c e   f o s s i l s  

and ca rbona te   depos i t i ona l   f ac i e s   i n   t he  s%ud;r area   sugges ts  

t h a t   e a r l y  San Andses seas  wclere r e l a t ive ly   sha l low and that 

most depos i t ion .was   subt ida l .  The combination o f  i n fe r r ed  

r e l a t i v e  sea, l e v e l   f l u c t u a t i o n s  and shallow  marine  depths 

dtlring e w l y  San Andres  t ime  suggksts  that   the  cyclic  repet.-  

ition of  lower-lower and upper-lower f3.ovr regime  dPposits i n  

the   G lo r i e t a  a t  Walker Ranch a r e   r e l a t e d  t o  repeatei l   sea   level  

SluctuaLions, This  apparent   control   of   terr igenous sa.nd 

depos i t ion  by repea ted   sea   l eve l   f luc tua t ions   sugges ts   tha t  a t  

l e a s t  much of 'kine Glor ie ta  a t  Walker Ranch was no t   o r ig ina l ly  

deposi ted as aeolian  dunes, This conclusion i s  compatible with 

the  observat ion t h a t  almost  half  o f  the  volume o f  sandstone a t  

Walker Ranch cons i s t s  o:F comparatively  poorly  sorted wavy 

bedded o r  massive  rock tmits ( P l a t e  I ) .  These  comparatively 

poorly sor ted  rock  uni ts   are   incompatible   with an aeol ian  

o r i g i n  f o r  the   fol lowing  reason.  The absence of almost a l l  

evidence of burrowing  and  the  presence o f  abundant  sedimentary 

s t r u c t u r e s  suggest,,post-depositional mixing o f  wel l   sor ted  

aeolian  sands and  marine s i l t s  o r  s i l t y  sands by burrowing 

that 
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organisms could not  have  been an important  process  in  forming 

t h e  comparatively poorly s o r t e d  sands%ones st Walker Rznch, 

Tanner' s (1-963) i n t e r p r e t a t i o n  of  the  Clor ie ta   Sandstone 

nor th  of  t h e  stud.g a r ea  a.s an  offshore  sandstone is eompat- 

i b l e  wiSh t h e  interpre-bat ion that t he   G lo r i e t a   i n   t he   s tudy  

a rea  i s  predominately a ma.rine sandstone  which was probably 

occas ions l ly  b u i l t  up  above sea I.eve2 a6 beaches and c o a s t a l  

dunes e 

In su.rfiinaJ?yy t r anspor t a t ion  Gf %errigenous sand i n t o   t h e  

sLudy a r e a  was apparently con'crolled by wind-induced. mar ine  

cur ren t s  and poss ib ly  some aeo l i an   t r anspor t  of sand grains i n t o  

the  nlarine elzuirofiment. Deposition of t h e   G l o r i e t a   a t  Walker 

Ranch, excep-t f o r  same poss ib le  coastal  d.unest appears t o  

have  been e n t i r e l y  sub - l i t t o ra l  'to L i t t o r a l .  
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Depositional Model f o r  t he  Glorieta Sandstone  South  of Walker 

Ranch 
In t roduct ion  

The GI-orieta  Sandstone  south of Walker Ranch cons i s t s  

chief3.y OP the  lower,  middle, and  upper Glorieta  tongues  of 

this study.  These  tongues  appear  to be sov.thern  extensions 

of  -the northeast-southwsst component o f  the  Glorieta  Sandstone 

i n  New Mexico (fiwre 26) a ThB in f lux  of terrigenous  sand 

s o u t h  o f  l 'lalkw Ranch i s  c lose ly   a s soc ia t ed   v i th  low s e a   l e v e l  

stmnr?s in   t he   s tudy   a r ea .  A reasonable   explanat ion f o r  t h i s  

associe-tion is th3.C source  areas  t o  the   nor th  were more exposed 

fol-lcJiYing eus t a t i c   s ea   l eve l   d rops ,   r e su l t i ng  i n  more smd 

det.r%-i;us b e i n g   m a i l a b l e  for t ranspor ta t ion  southwrr-d i n t o  the  

s tudy  a rea .  I t  is in fe r r ed  th .a t  d i spersa l  of  t h i s  sand  within 

the  shddy m e a  was l a rge ly  by marine  processes, where2.s aeol ian  

disqe:rsal must have been  important t o  tkie nox-tIi* 

The lower,  middle, and upper  Glnrieta  tongues  ape  chaFact- 

e r i eed  by a signif ica .nt   th ickerdng  eastward  ( f igure 8 )  towards 

t!?e in fe r r ed  undaform-edge. A model termed  the ~ l o o l j . t s  ba r r i e r "  

model i n  t h i s  r e p o r t  is compa-tj.ble with a l l  of the major. obser- 

va t ions  made during t h i s  study. In  t h i s  model, the  inf lux  of 

terr%genous  sand f rom the   nor th-nor theas t   resu l ted  i n  t r anspor t  

southwaxd  along  the  inside of  p r e - e x i s t i n g   o o l i t i c   b a r r i e r s .  

The wind-induced  current  regimes  interpreted to be respons ib le  

for sand transpOl?t  and f o r  sand  deposit ion were s t ronges t  neap 

the  O O l i ~ i C  b a r r i e r s ,  and hence  sandstone  'thickness  decreases 



westvra.rd. Eastward  the  sand body would be expected  to  event- 

ual ly   pinch ozlt ags ins t  'the o o l i t i c   b a r r i e r s ,  The cons is ten t  

thickening  of  sandstone tongues eastward i n  'the s tudy  area 

r equ i r e s  t h a t  t h i s  pinching o u t  take p l ace   ea s t  o f  the strt?y 

a rea  where the  strata a re   no t  exposed. The " o o l i t e   b a r r i e r "  

model is compatible wi th  the  bui1din.g up of terr igenous  sand 

in to   topographica l ly  h igher  de;3~si"Gsp probably by wind-incldced 

wave and cur ren t   ac t ion ,  The lower and upper  Glorieta 'tongues 

a t  Sunset  and  Bluewater  appear t o  have acted as topographic 

highs fo l lowing   t he i r   depos i t i on   r e l a t ive  t o  the   sec t ions   to  

the  west, Th i s  is suggested by the subsequent  ctirbmate  depos- 

i t s ,  v1hich.m-e gene ra l ly   shoa le r   a t   Sunse t  and Sluewater, and 

by the  s e r i e s  of  approximate  time l ines  based on t ransgress ive  

'*kicksv'  which  suggest t h i s  by t h e i r  shapes below and  above t h e  

lower  an8  upper  Glorieta  tongues on P la t e s  IX and X. The 

"oo l i t e   bz r r i e r "  model is also  compatible wi th  the  fc l lowing 

observation. A'oundant sphero ida l  I well  rounded  ooli tes w i t h  

quartz sand  nuclei are p re sen t   i n   t he   do lomi t i c   rock   un i t  ( 2  

f e e t  t h i c k )   d i r e c t l y  above t h e  lower  Glorieta  tongue a t  %.ut?- 

water. This  t r a n s i t i o n  f rom quar tz  sand t o  carbonate   oo l i tes  

may be explained by the  migration of the o o l i t i c  bar r ie rs  

infer red  t o  be present  east  of the  study  area  during low sea 

l e v e l  stands westward i n  response t o  a rise i n   e u s t a t i c   s e a  

level. ' tha t  a l s o  r e s u l t e d  in the  drowning of terr igenous sand 

source  areas .  The "oo l i t e   bax r i e r "  model i s  v e r y   s i n i l a r   t o  

the  One proposed by Ball & &. (1971) f o r  the depos i t ion  of t h e  
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Shattuc!r Sandstone Kember o f  the  Queen  Formation i n  ‘the 

Guadalupe  Nnuiztai.ns. 

A mod.el, whiizich may be termed  the  “quartz s a n d  b a r r i e r ”  

model, was considered as wl a l t e r n z t e  way t o  explain  the  thick-  

ening ~f the  l o v e r ,  mid.dle, and upper  Glorieta,  tbngues i n   t h e  

study area. I n  thi,s Eodel,  the  influx of quartz  san6 from the  

north-northeast  is pos tu la ted  t o  have  overwhelmed o o l i t e  pro- 

d u c t i o n   a t   t h e  undaform-edge so t h a t  quaftzq smd b a r r i e r s  would 

have  replaced  the  ool i t ic   ones.  The model is  based on the  

observat ion t h a t  “moving wa-ter r e a c t s   i n  -the same fa sh ion   t o  a 

give’n topographic   se t t ing ,   regard less  of the   na ture  o f  the   sed i -  

mentary p a r t i c l e s  upon  which it ac t s“   (Ba l l ,  1967), Hence,  once 

qua.ctz sancl axriiied a t  ti16 md;form-edge, it would be exposed 

t o  the  same physica?. p;’~:cs-;.s:;es that pro6u.ced o o l i t e   b a r r i e r s  

p r i o r  t o  seild in f lux ,  The “quar tz  sard bar r i .w2’  m o d d  is a3.so 

a b l e   t o  explaifi. man.y of  t h e   c h a r a c t e r i s t i c s  o f  the  lower, middle, 

and upper Glorieen ,t.ongv.es. However, this model is r e j ec t ed  

i n  t h i s  report   because it does  not   take  into  considerat ion  the 

e f f e c t s  of t h e   2 r e - c x i s t i n g   o o l i t i c  umdaform-edge ba r r i e r s ,  

which a r e   i n f w r t i d   t o  hzve controlled  both  carbonate and te r r igen-  

ous sand. d e p o s i t i o n   i n   e a r l y  San Andres seas ,  

Lower Glorieta. Tongue 

The lower  Glorieta  tongue is genera l ly   charac te r ized  by 

the  pressnce o f  s i l t y   s ands tones ,  which are s t ructv.reless  

except f o r  l o c z l   a r e a s  of wavy bedding.  These features suggest 

low-ener,gy lagoonal   deposi t ion f o r  most  o f  t h e  lower Glor ie ta  

tongue. The subaqueous o r i g i n  of the  lower G1.oriet.a tongue is 
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also indica ted  by the  presence o f  shallow  marine  burrows a b  

Por t   S tan ton  and local ized  sof t   sediment   deformation ai, Sunset.  

The lower  Clorieta. tongrre a t  Sunset and Bluewater is more 

t h a n  twice as. th i ck  as t o  the  northwest  and  west, At Sun.set, 

the  3.omer part  of the lower  Glorieta  tongue is t y p i c a l l y   s i l t y  

and massive,   but  the upper >ut is very wel l  s o r t e d  a.nd medium 

sca . e   c ros s - s t r a t i f i ca t ion  i s  over la in  by even,  plalnar slra’cif- 

i ca t ion .  The sedflnen-%ary s t r u c t u m s  and so r t ing  indica%e a 

s o n s i s t e n t   i n c r e a s e   i n   f l o w  reginle energy during  deposit ion.  

This energy  v&?iation is compatible wi th  the   fo l lowing   in te r -  

Fre ta t ion ,  The lower par t  o f  the  lower  GLorieta  tongue  repre- 

se:?ts  low-energy lagoonal  deposi-tlon behind i n h e r i t e d   o o l i t i c  

‘barriers, whereas the upper p:rt may be explained a8 follows. 

Deposi t ional   processes   character ized by cornppzratively higher 

fclow regime  energies were proba.bIly domina.n% n e a r   t i e  o o l i t i c  

b a r r i e r s   i n f e r r e d  ‘to have  been  present   to   the  easta   whereas  

c o n p r a t i v c l g  lower flow  regime  energies  were  probably  dominant 

f a r t h e r   a m y  from t h e   b a r r i e r s .  A e u s t a t i c  sea l .eve l   r i se ,  

which would have  ended  terrigenous  sand inf1v.x in to   L incoln  

County south of  Yialker Ramh by p a r t i a l l y  drowning  source 

a r e a s p  might have caused the ooLiLic barriers of  the  mdaform- 

edge  and t h e  assoc ia ted  higher f l o w  regime  energies  near them 

t o  migrate  westward. Th i s  migration would have r e su l t ed  i n  the  

depos i t ion  of  r e l a t ive ly   h ighe r   f l ow regime  deposits  over rei- 

atiVelY lOiVer f l o w  regime  deposits.  Such a migration would 

a l s o   e x p l a i n   t h e   t r a n s i t i o n  from quartz  sm-d to   carbonate  ool-  

i t e s  a t  Bluewater, as d iscussed   in   the   p receeding   sec t ion ,  
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The lower  Glorieta  tongue  does  not  extend  westward t o  Pox 

Cave. T h i s  suggests a western limit of sand  inf lux beyond 

which t i e r e  were not  enough q u s t z  gra ins  a-?riving t o  overwhelm 

carbonate  production. 

?diddle  Glorieta Tongwe 

The middle  Glorieta %ongx?e i s  gene ra l ly   t h in  ( 3  t o  1.2 f e e t )  

and poorly.  exposed. The thj.ckest, best  exposed,  and  environ- 

mentally most  d i a g n o s t i c   u n i t  i s  p r e s e n t   a t   S u n s e t ,  I n  regions 

where t ida l  or wave a-etion is very  intense,  t i d a l  sand bars o r  

f l a t s  may be  formed, with individual. bars separated by a net-  

work of  l a rge  t i d a l  channels ( E L a L t  e t   a l ,  1972). The middle 

Glorieta  tongue a t  Sunset can bes% be in t e rp re t ed  as having  been 

fieposited  in  such a channel, sa ther  than as a bar with topo- 

graphic   re l ief   because:  1) a scoured  lower  contact wi th  about 

one f o o t  o f  r e l i e f  is presentp  2) overlying  carbonate  deposit-  

i o n a l   f a c i e s  do not   suggest   deposi t ion on a topographic high, 

and 3) the  middle  Glorieta  tongue  rests  direct3-y on normal 

marine  carbonate  deposits,  vhereas a t  c;i1 other   sec t ions ,  it 

re s%s  on more r e s t r i c t e d  cayboilate fac ies ,   sugges t ing  t h a t  t h e  

r e s t r i c t ed   ca rbona te   f ac i e s  has been c u t  ou t .  The s i d e s  of t h e  

interpreted  channel  were no t   no ted   i n  a 250 feet   t l raverse  

acroSS t h e  Outcrop.  Hences  very L i t t l e  i s  known ab0u-l: -the 

possible  dimensions of t h i s  channel.  There i s  a b ipo la r  

d i s t r i b u t i o n  of  cross-bed  or ientat ions (figure 17B): northward 

is dominant,  but a s t rong  southern component is p resen t   ( f i gu re  

1 9 ) .  Bipolar   pa leocurren t   o r ien ta t ions  are a common charact-  

e r i s t i c  OP channel  deposit ion  inTluenced by t i d a l  cu r ren t s  
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(Elat t  & &> 1.972) T h i s  observat ion  suggests   the  inf luence 

of t i da .1  cur ren ts   dur ing   the   depos i t ion  o f  the  middle Glor- 

i e t a  tongue a t  Sunset. 

Upper Glor ie ta  Tongue 

The upper Glorieta  tongue i s  present  throughout  the 

s tudy apes as a Lnin  blanket sand, It thickens  eastward ac~xs8  

the  s tudy zrea ( f i g u r e  8 )  I TChs upper Glorietz tongve a t  Sun- 

s e t  and  Bluevmter is about tvri.ee as th ick  (ab0u.k 50 f e e t )  as 

a t  Hondo, F o r t   S t a l t o n ,  Fox Cave, and  Canning  Ranch. Subseqtz- 

ent  carbonate  deposits  tended Lo be  "shoaZer'g a t  these  two 

sect ions,   suggest ing  the  inf luence of inher i ted   depos i t iona l  

r e l i e f .  This r e l i e f  is also  suggested by %he shapes  of  the 

approxi!?aI;e tirce l i n e s  on P l a t e s  X X  and X. 

The upper  GZorieta  tongue at Sunse tp  Hondop P o r t  Stanton,  

and Bog3.e Dome r e f l e c t s  a decrease   in  f l o w  regime upvmrds i n  

the   un i t s .  h . t  Bluewates  and  Canning  Ranch,  an upward increase  

i n  flow regime is apparent.  The lower-lower f low regime depos- 

its towards the  bottom of the upper  Glorieta  tongue a t  Slue- 

water  and  Canning Ranch probably  represent lower energy  lagoonal 

depos i t ion   behind   pre-ex is t ing   oo l i t i c   bar r ie rs .  The upper 

Glo r i e t a  tongue a t  the   o ther   sec t ions  and above  the  lower-lower 

f l o w  regime  deposits a %  Bluewa%er and  Canning Ranch c o n s i s t s  

e n t i r e l y  of upper-lower  and  lower-upper flow regime  deposits. 

Hence, r e l a t i v e l y   l i t t l e   e v i d e n c e  of lower energy  lagoonal 

depos i t ion  is present   in   the   upper   Glor ie ta   tongue ,  The pos- 

i t i o n  of  the  Bluewater  and  Gaming Ranch sec t ions   a long  t h e  

I 
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nort~lmest-southeast   segment  of  the  inferred undaform-edge 

t rend  (figure 2 3 )  coupled. vdth a paLeowind d i r e c t i o n  domin- 

antly  towards the  southwest   suggests   the  f011O~ing  interpret-  

a t ion .  The Bluewater a.nd Canni.ng Ranch sec t ions  may have been 

yco-lected  from  wind-induced waves and cu r ren t s  by t h e   o o l i t i c  

ba.rriers of  the  und.aform-edge r e s u l t i n g   i n  lower energy lag- 

oonal   deposi t ion  ini t ia l ] -y ,   wherezs   the  other   sect ians   appem 

t o  have  been  unprotected  from  the  effects of  wind-induced  waves 

a n d  cu.rren’Gsp r e s u l t i n g   i n  comnpa.ra2ively higher  energy  deposits.  

The u.pper parts o f  the  upper  Glorieta  tongue a t  Blu.ewater arid 

Callning Ranch 8.1~0. c o n s i s t  of comparatively  higher  energy 

deposi ts   suggest ing t h a t  t h e   p r e - e x i s t i n g   o o l i t i c   b a r r i e r s  no 

longer  c f f ec t iva ly  S13cBed thc- formation  of  wind-induced  waves 

and @urr;-,n-i;s, 
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CONCLI.YSIONS 

The fo3J.owing conclusions  are  based on cietailed  study Of 

the  lower S a l  Andres  Formation  of  central New Mexico. 

1) S u b t i d a l  carbonate   depos i t iona l   fac ies  make up about  95% 

of -the carbonate rnernber, whereas sup ra t ida l  and i n t e r t i d a l  

Tt~cies  only nb0u.t 555% 

2 )  Evapori te   minerals  were not   noted  in   the  laver   San hndres 

Formation i n   t h e  study arear  al though they a m  p."asent iri the  

upper Yeso Formation. Howevers evapori te  rnolds in -(;he lower 

San  Andres  Formation  indicate  the  former  presence o f  d:iage;..,e-i;ic 

evapor i t e s .   L i t t l e   ev idence  was observed. c f  an emergent t ida l  

f i a t  o r  sabkha  origin  for most of the  former  evaporites.  

3 )  Th;? car.kcnai;e  depositional.  facies o f  this r e p v r t  p;-ni.L 

de ta i led   cor re la t ion   th roughout   the   s tudy  mea. Th? n o m &  

mJri.ne f a e i e z  is comonly very pers is teni ;  wd.  i s  khus yrobabyy 

v.sefuJ. f o r  c o r r a l a t i o n  of 'the lower San  Bndres  Pornintion cu-ts5.d.e 

the  s tudy  are2,  

4.) Seventeen "transgressir~e-regressi~re" zycles 'were no'ted In 

the  lower San Andres Po-mation. only t h r e e  cycier; a r e  

demonstrably d w  t o  e'bsolute sea l eve l   f l uc tua t ions .  The 

"regressive"  deyosi ts  o f  t hese   cyc le s   a r e   r e l a t ive ly  much 

%h.icker than the "~1.a)3s,~essi.ve1' deposi ts .  The cycles   permit  

de t e i l ed   co r re l  a t i o n  'I;hroughout the  s tudy a'rea independently 

09 the   the   cont imi 'cy  o f  incfividual  carbonate  depositional 

f a c i e s .  blost of these   cyc les  should he present  i n  the  1.ower 

San  Andres  outside %he s k ~ d y  mea. The Glorieta  Sandstone 
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a t  Vlalker Ranch has been  correlated  to  - h e  ca.rbonate member 

by the  use o f  -these cycles .  

5 )  Sedimentat ion  in  the lower  San  hndres  Formation i n   t h e  

study area  appears ' to  have  been cont ro l led  by the  Pedernal  

positive  elementt;,   which  acted as a. b u r i e d ,   y e t   p o s i t i v e   f e a t u r e ,  

6) Nos't: o f  the  lower San  Andres in   the   s tudy  area ~ 3 . s  appzc- 

en t ly  deposited on an undaforn  behind undaform-ed.ge b a r r i e r s  

that  were p r e s e n t   e a s t  of the  s t u d y  a r e a   i n  easteern  Lincoln 

and  westem"  Chaves  Counkics during low sea l e v e l  stafi.ds. 

7)  The major i ty  of the  lvwer San Andres  carbonate member  was 

depos i ted   in  low energy t i d a l  f l a t  and shallow  lagoon81  environ- 

ments  behind -the o o l i t i c   b a r r i e r s  o f  the  undaforn-edge. 

8 j The Glorieta Sandstone  does n o t  have any convincing' aeolian 

o r  de:L:i;aic c h a r a c t e r i s t i c s   w i t h i n   t h e  s'i;ucly area.. Its genes is  

must be in fe r r ed   l a rge ly  f rom the  associated  carbonate   deposi t -  

i ona l   f ac i e s .  A t  least much o f  the Glorieta i n   t h e   s t u d y   a r e a  

was probably  deposited  in  relatively  shallow  marine  environments. 

9)  The terr igenous  sands of the  lower,  middle, zqd upper Glor- 

i e t a  tongues appear   to  have been transyorted  southward  a,cross 

the study  area  a long  the  inside o f  p r e - e x i s t i n g   o o l i t i c   b a r r i e r s  

of t h e  undaforrn-edge  environment during low s e a   l e v e l  stands.  

The terr igenous  sands  in   northern  Lincoln County may also  have 

been  transpor-ked  along  the  inside of pre-existing  oo]. i t ic bar- 

r i e r s .  However, no independent  evidence is ava i lab le  t o  support 

t h i s  hypothesis ,  
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APPENDIX 11 

INTii3?PREPATIOiV OF PLATE3 I TO VI11 

INPRODUCTlOM 

F igwe  28 i l l ,us t ra tes   the   heading   used   in   P la tes  I to 

VIII. The sedimentary  pararwters   l is ted i n  the  heading are 

discussed i n  t h e   t e x t  of 4 W s  r e p o r t .  Mas% sedimentaxy  par- 

am.eters are described graphi.cal1.y i n  two general.  ways^ 1) 

presence o r  absence ( b,es c z ~ l c i  g o f  f i g u r e  2 8 )  and 2) r e l a t i v e  

abundance or degree of development ( ? - . e ,  wel-1-developed. versus  

obscure: c ,  d ,  f ,  and h of f igure  28).  The ind ica t ion  o f  

p x w x c e  o r  a.bsence is discussed fox. each  parameter in t h e  

next   sect ion.  

Ilela."cive abundance i c  desc r ibed   qua l i t a - t iw ly  as ra re ,  

ra-e t o  CoIirnOil, ard conv~;on t o  abundant. Figure 29 i l l u s t r a t e s  

how these  terms are represented on P l a t e s  I t o  VIII fauila.p 
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