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ABSTRACT
The lower San Andres Formation (Middie Permisn) in Iin-
coln County, New Mexico consists of dolomite, limestone, and
interbedded sandstone, which are largely of marine origin. The
Giorieta Sandstone HMember of the San Andres Formation is about
240 test thick at the northern end of the giudy srea and forms
tongues southward ag the lower San Andres passes into domine

antly carbonate rocks. ILower, middle,; and upper Glovieta

!

Sandstone tongues alternate with lower, middle, snd upper car-
bonate tongues. The carbonate tougues consist of the foliowing
depositional facies: 1) non-evaporitic tidal f£lat and deep
iagoonal facies (comaisting of supratidal, intertidal, and
restricted subitidal facies), 2) evaporitic tidel flat facles,
2} swbagqueous? evaporitic facles, ) normel marine subtidal
Fanies, and %) undaform-edge zand facieg. These facles are
defined on the bhasis of bhody and trace fossile, sedimentary
structures, snd allochemiesl constituents. Subtidal deposit-
jonal facles make up abhout 95% of the carbonate Tongues,
whereas supratidal and intertidal facies oaly about 5%. The
carbonate depesitional facies permit detailed correlstion
throughout the situdy sarea and some of them are probably useful
for correlation outeide 1it, |
Dolomitization, cementation, iron sulfides and iron oxides,
dedolomitization, silisification, and sitylolitization are the
main carbonate diagenetic features present. The patterns of
dolomitization sre almort entirely consisbtent with an emergent

tidal flat dolomitizatlion model. Dolomitization and silicifice




gtion appear to be early dlagenstic processes.

No preserved evapcrite minegal@ were noeted. However,
anhydrite nodule molds, evapcrite crystal ﬁxolds9 and lengthe
slow chalcedony suggest the former presence of evaporitea in
the carbonate tongues. The very limited evidence of evaporites
in the study area suggests =i open pliysical setiing, since the
climate during the Middle Permian appears to have been arid,
Tittle or no evidence of an emergent tidal flat or gabkha origin
for these former evaporiies was observed, even though the study
area was on 2 positive element that appears te have been actlve
during the Parmian,

The Glorieta Sandstone Member of the San Andres Formation
is generally a fine-grainsd, very well to moderately sorted,
calcite=cemented quartz avenite, Cross-bed dip orientations
in the upper Glorieta tongus are generally toward the southotos
gontheastward, whereas they are generally southwestward in the
Glorieta Sandstone in the norithern part of the study svesz,
Compositional maturity generally increases upward in the meas-
ured sections and southward aleng the inferred paleocurrent
direction. Most of the derrigenous sand in the Glorieta most
likely came from Paleozoic sandstones in cratonic areas %o the
north.

Bed Tforms and comparative gortingwere used to classify
the Glorieta Sandstone inte depositional process facles, which
represent deposition in lower-lower, upper-léwer, and lower-
upper flow regimes. Sandgtone sediwentary structures, grain

size anaslyses, and detaliled guarts grain surface tevtures pro-




vill
vided conflicting and ambigucus environmentsl information.
Shallow-narine burrow types and interbvedded shallow-marine
carbonates suggest that at least mych of the Gloriets ig of
shallow marine origin., Iong, low-azngle erossegtratification
in geveral Glorieta rock units is suggestive of beach fore~
slopes deposition. Wavy beddsd vrocok units are interpreted o
have been deposited in lowe-energy shzllow lagoonal environments.

Seventoon *transgressive~regresnive® oyceles were noted
in the study area on %the basis of transgressive "kicks,” such
ag are described by Irwin (1965). Howewver, only three of
these cyales demongtrably suggest absclute sea level fluctuat-
ions. The regressive deposits of thege cycles are relatively
mich thicker than the transgressive deposiis. The cycles per-
mit detailed correlation thiroughout the study area independent
of the continuity of individual carbonate depositional Facles.
Host of these cycles should be present in the lower San Andres
outuide the study arsa. Apparent cycles In the Glorista Sand-
stone in the northern.part of the sbudy area have been correlw
sted into the eycles in the lower, middle, and upper carbonate
tongues to the souib,

Sedinentation of the lower San Andres Formation in the
study srea sppears o have bheen controlled by the Pedernal poge
itive element, which acted ag a buried, yet relatively posit-
ive feature. Several independent lines of evidence suggest the
hypothesis that mest of the lower San Andres in the sindy area
was deposited on an undaform behind an undaform-edge that was

present east of the gitudy area in eastern Llncoln and western




ix

Chaves Counties during low seaz level stands. The undaform~edge
carhonate sand facies in the study area is inferred wo have
been deposited as a result of the migration of the undaform-
edge environment westward in response to a prise in sea level,

The (lorieta Szndstone does not have any convineing aeol-
ien or Gelisis charseteristics within the study area. Ids
genesis wuet bhe inferved largely from the azsocelated carbonaie
depositional focles, A% least much of the Glorieta in the study
area was probably deposited in relatively shallow marine environe
ments, The terrigenous sands of 4the lower, middle, and uppsr
Glorieta tongues appear to have been trarégerteﬁ southwerd
aeross the study area along the inside of pre-exisgting oolitic
barriers of the undaformeedge environment during low sea level
stands, The fterrigenous sands in northern Lincoln County may
sisc have heen transpoxted along the inside of pre~existing
ooritic barriers., However, no independent evidence iz avalle

able to support this hypothesis.




INTRODUCTION
PURPOSE AND SCGOPE OF STUDY

The lower San Andres @crmation of central New Mexico is
Middle Permian (ILate Leonardian to Early Guadalupian) in age
(figure 3). It consists of dolomite, limestone, and inter-
bedded sandstone {(figure 5), which are largely of marine
Corigine. The'San indres 1s a shell unit northwest of the
najor basin edge (figure 2},

The San Andres Formation has been much studied in west
Pexas and goutheastern New Mexico, where it is a reservoir fovr
billiong of barrels of oil and gas (e.g. Chuber znd Pusey,
1972 Galley, 1958). Detadled work on the gedimentology of
the San Andreg Formation and its élorieta Sandstone Momber in
ceritral New Hexico has never been publighed. This study is
limited to an examination of the lower 200 %o 300 feet of the
San Andres in the eastern 2/3 of Lincoln County. The lower
San Andres in the northern part of the study avea iz dominantly
sandutone.. The sandstone tongues gouthward as the lower San
Andres becomes chiefly carbonate (figure 5) in the southern
part of the study area, -

The purpcses of this study are to describe in detail the
gandstone te carbonate transition in the lower San Andres Form-
ation, establish correlations between outerops, interpret the
environments of deposition of the rock units, and seek a depos-
itional model to explain sedimentation patterns in the study
area.

The study is based alwmost exclusively on surface outcrops




z
and no serious attempt was.made to obtain subsurface informu
ation. Almost continuous exposures of the lower San Andres
Formation are presenty south of the Canning Ranch section
(figure 1), OQutercps for detailed study were selected on the
basis of exposure, accessibility, and location within the
study area. Exposures of the lower Szn Andres are relatively
rare noxrth of the Fort Stanton section and the best available
outerons were measured., The San Andres Formation does not
outerop esst of the study area., A few scattered lower San
Andres outerops are present in westernmost Lincoln Couniy
{Harbour, 1970), but are not included in this study.

LOGATION OF STﬁDY AREA '

The study arez is located in the eastern 2/3 of Lincoln
County, New Mexico {(Ffigure 1), The exaet location ¢f measured
seationg is given in Appendix I.

FIELD MECHODS |

The author spent thirteen weeks in the field between HMay
end August; 1973, A two week field check was made during the
last two weeks of December, 1973,

Eight detailed stratigraphic sections were measured
(Pilztes I to VIII) vsing = brunton compass as a hand level,
Megasecopic features were situdied, photographed, and sampled in
the field, About 425 samples were collected for laboratory
examination. Stratification was described using the following

scalat
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<£1/10 fnehes  Thinly Laminated
1710 -~ /2 Tnches Thiekly Iasminated
1/2 «~ 2 Inches  Yery Thinly Bedded
2 = B Inches  Thinly Bedded
1/2 = 1 1/2 Feet Medivm Bedded
i L2~ 5 | Feet Thickly Bedded
> 5 Peet Very Thickly Bedded

Grogs-gtratification was described using the following scales

for set thickness znd angle of inclination of cross-gitratas

<3 Inches Small Scale
3 Inches = 3 Peet  Medium Scale
>3 Feet Large Scale

<10’ _ Low Angle
10~ ~¢25 Madium Angle
225 High Angle

These scales 7Tor stratification and crossestratification were
used because they were Familiar to The author and because no
universally recognized scales exist., Grain size was describad
using the Wentworth (1922) size scale. A rock color chart
(Goddard et al, 1970) was used to determine the value (light-
ness) of rock units.
LABORATORY METHODS

Three hundred and fifty carbonate samples were slabbed,
polished, stained for caleite using alizarin-red S (Friedman,
1959}, and studied under a binoculzr microscope, One hundred
Thin sections were made of yepresentative slabzs and studied

under a petrographic microscope.
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A boundary between mud and grains of 0,06mm was used %o
classify limestones, Delomite crystals of uniform diameter
apparently acting as matrix were inferred to have been Ca003
mad originally. Such crysials were treated as muc in deter-
mining the Dunham {1962) rock classificaéion for dolomite rocks.
Dolomite cryatals have been degeribed using the following scales
<0,0lmm, 0.0l « 0,03mm, and>0.03mm, Field and laboratory data
are presented graphissily in Plates 1 %o VIIL. Polished slabs
were phobtographed in the spacial orientation in which they
outeropped in the field,

PREVIOUS WORK

The literature of the San kngres Formation coﬁmonly deals
with areas in west Texas and southeastern New Mexico. It is
not within the scope of this study o review this literaturs,
Most studies in centrsl New Mexico that inmelude the San Andres
have mainly beenn concernad with the regional sitratigraphy of
the Permian section. 4 few master's theses contain environ-
wental interpretations of seiseted localities (Huber, 1961;
Chisholm, 1950: Huntington, 1949). These studies predate
most of the major recent work on modern carbonate and sand-
stone depositional envirenments,

The San Andres and Yeso rock units were first named by
Lee (1909), The type section of the San Andres is in the San
Andres Mountains of southern New Mexico, The name Glorieta
was first applied by Keyes (1915) to the Dakota, a Cretaceous
sandstone at the south end of the Rocky Mountaing, The name
Glorieta has since been applied to the prominent Permian sand-

gtone on Glorieta mesa, the type locallity, in north-~central MNew




Mexico,

Piedler and Hye (1933) studied the Roswell Ardesian Basin,
which includes southesstern Lincoin County., They renamed the
San Andres Limestone the Picacho Limesﬁcne,. The upper and
lower Glorieta tongues of this study weré also called Glorieta
Sandstone, However, Fledler and Nye thought that fhe Glerieta
might have been lenmticulaer rather thar 2 continuvous strati-
graphic unit. Iang (193%) rejected thé nonenciature introduced
by Fiedler and Nye. (1933} and returned to the use of the name
San Andres. Lang introduced the term Hondo Sandstone for the
sandstone separating the San Andres from the Yeso, The thick-
nesgs of the Hondo of Lang corresponds to the thickness of the
upper Glorieta tongue of this study (see REGIONAL STRATIGRAPHY).
Hence, Leng's contact betwsen the Yesu and San Andres is higher
than the contact accepted by wmost later siratigraphers (2.Z.
Harbour, 1970: Kelley, 1971)., Needham and Bates (1943) redes-
cribed the type sections of the San Andres and Glorieta.without
changing names oy type localities. They considered the Glorieta
to be identical to the Honde of Lang (1937). _ _

The reservoir|properties and general stratigraphy of the
San Andres Formation were the subjects of a symposium held in
1969 (Summerg and Kotthlowski).,

Most of +the detailed work én the stratigraphy of the San
Andres Formation in central New Mexico has been by Harbour (1970)
and Kelley (1971, 1972}, Harbour (1970) measured twenty-four
stratigraphic seectionsg, most of which were in southern Lincoln

County. He concluded that the Hondo Sandstone was not demon-
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strably a Glerieta Sandstone tongue. Kelley (1971) mapped ﬁh§
geology of the Pecos Country {southeastern New Mexico) and
included the eagtern half of Lincqln County. He divided the
San Andres Formation into a sandstons, two carbonate, and an
evaporitic member, In 1972, Kelley mapped the geology of the
Fort Sumner Sheet, which includés the norithern quarter of
Lincoln County, 23 a continvation of his 1971 study.

Foster e% al (1972} presented an isopach map and a brief
description of the San Andres Formation {including the Glorieta
Sandstone) in the subsurface northeast of the study area,
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REGIONAL PERMIAN PATEOGEROCRAPHY
PENECONTEMPORANEQUS TECTONIC EILEMENTS -

A period of major crustal ingtabillity preceded the end of
Pennsyivanian time. The most imporitant elements were the
Pedernal positive element, the Sierra Grande arch, the Pals
Duro bagin, the ancesirsl Front Bange, and the Uncompaghres
San Luis highlands (figure 2¢ Dixon, 1967). By Barly Permian
time, the tectonic elements that influenced YLate Paleozoic
sedimentation in central New Mexico were fully formed or in
deciine,

The Pedernal positive element and the Sierra; Grande arch
vere the only positive elements in New Mexico that may have been
active during ILeonardisn time. These elements acted as broad
blocks, They were probably wvery low and may have besn buried
by uppermest Leonardian strata. After the destruction and burial -
of all positive areas and the rapid £illing of all basins by
the end of Leonardian time, the surfece of the south to southe
eastward sloping shelf was very regulér on £ regional scale,
however, local irregularities were present. In Colorade, the
shelves and landmasses were stable during Leonardiasn time.
These landmasses were much reduced in height from Early Permian
time (Dixon, 1967).

It is not certain if the Pedernal positive element and
the Sierrs Grande arch were tectonically active during Guadal~
upian time, but remnants of these elements were probably low
landmasses that shed some detritus. Stable shelf conditions

continued in Colorade during the remainder of Permian time.
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PERMIAN CLIMATE
New Mexico was apparently positioned very near to and
north of the equator during Permisn time on the basis of paleo-

magnetic data {Runcorn and Opdyke, 1960). The presence of evap~

oritic rock units throughout the Permian'gealogic gection in
the southwest (McKee et 2. 1967) suggests an arid regional
climate. The preszence of abundant bedded evapnrites-in the
upper Yesc Formation, in the upper Szn Andrves in the study
ares, and in the lower 3an Andres west of thé study area is
compatible with an arid climate during San Andres time, as is
_the gbsence of almost all svidence of tidal flat chamnel
deposits in the study area {Roehl, 1967).

The regional paleowind direcfion during'ﬁhe Permian was
apparently towards the scuthwest. This direction is based on
the pesition of the eguator with vespect to the position of
Lincoln County and on the idsalized wind patierns To b2 expected

on zm earth free of major Landmasses (fizure 26).
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MIDDLE PERMIAN REGIONAL STRATIGRAPHY IN CENTRAL NEW MEXICO
INTRODUCTION
The Middle Permian Yeso and San Andres Formations, and

the Artesia Group outerop in central New Mexico (figure 3).
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This study is confined to about the upper 5 to 20 feet of the
Yeso and the lower 200 to 300 feet of the San Andres Formation
in eastern Lincoln Counity., Figure 4 illustrates the sirati-
graphic nomenclature used in this stody, whereas figure 5 illugte-
rates the gross lithology of the rock units studied.
YESO FORMATION

The Yeso Formation underlies the San Andres Formation in
eentral New Mexico. The contact between these formations is

apparently gradational in the study area, No evidence of
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unconformity has ever been reported in the published iiterature.
The Yeso Formation in central New Mexico consists of sandstone,
limestone, dolomite, gypsum, and siltstone. The Yeso oulcropping
in the Sacramento Mountains of soath-~central New Mexico is azbout
1200 feet thick (Kelley, 1971},

Only the wery %op (3 to 20 feet) of the Yese is included
in this study. Yellow, oink, and gray cuarizose siltstone Is
the most common 1lithology. but 1) gyesum is present at Walker
Ranch, 2) evaporitic dolomites are present at Fort Stanton and
Hondo, and 3} a thick oolitic limestone and 2 thin partially
.laminated limestone are present at Sunset.

SAN ANDRES FORMATION

The San Andres Formation varieé in thickness from abdout
500 feet in central New Mexico to as mueh as 1,700 feet in
southeastern New Mexico. Kelley (1971} has recently subdivided
the San Andres Formstion into four members: Glorieta Sand-
stone Member, Rio Bonito Carbonate Member, Bonney Canyon Carbone-
ate Member, and Foormile Dyraw BEvaporitic Member.

The Glorieta Sandstone Member forms the base of the San
Andres Formation throughout most of the study area (figure 5).
It ig 280 feet thick at Duran Mesa and thins to about 240 feet
at Walker Ranch. Three sandstons tongues extend southward and
are informally termed the lower, middle, and upper Glorieta
tongues of the San Andres Formation in this study (figure 5);
The three tongues pinch out towards the western boundary of

Lincoln County and thicken appreciably towards the eastern

edge of the study area (e.g. Sunset and Bluewater, figures &
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and 5). This study accepte Kelley's (1971, 1972) inelusion
of the Clorieta Sandstone as a member within the San Andres
Formation.

Harbour (1970) suggests that the upper Glorieta tongue of
this study should continue to be called the Hondo Sandstone
Meuber ¢f the San Andres Pormation until & more positive demone
astration of its relationship to the Glorieta is made. However,
Harbour believes that this rock unit is prabsbiy a Glorista
tongue. Kelley (1971) concludes that there is 1ittle doubt of
the correlation of this roeck unit to the Glorieta and beliesves
. that the name Hondo should ﬁe dropped. This study supporﬁs
Kelley®’s (1971) conclusions on the basis of the excelleunt
continuity and lithologic idenﬁit& of all three sandstonse
tongues over the 45 miles from Bogle Dome to Sunset. It is
highly unlikely that these sandstones pinch out as they appreach
areas of nearly continuous sand deposition.

Kelleyts (1971, 1972} Rio Bonito and Bonney Canyon Carbon~
ate Members are differentiated entirely on the basis of bedding
thickness, Wherezs the lowexr carbonate rocks of the San Andres
Formation are thicker bedded than the upper rocks, the actual
contact between members is usually difficult to determine with
the precision required for this study. Consequently, no attempt
has been made to distinguish between these two members in the
gtudy area. In this study, The carbonate tongue between the
lower and middle Glorieta Sandstone tongues is referred to as
the lower carbonate tongue, The ecarbonate tongue between the

middle and upper Glorieta =28 the middle carbonate tongue, and
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the carbonates capping the upper Glerieta tongue as the upper
carbonate tongue {figure 4). The three carbonatc tongues are
informally termed the carbongte member of the San Andrgs
Formation in thisg study.

The Pourmile Draw Evaporitic Member (Kelley, 1971) is strati-
graphically higher then the carbonate member in the study area
and ig not ineluded in this study. In parts of Socorrs, Otero,
and western Lincoln Counties, that is, west of the gtudy ares,
the lower San Andres is very evaporitic {(e.g. Rinconada Canyon,
figuve 5). ’

AGE OF THE SAN ANDRES FORMATION

The Leonardian Series hag its type sechion in the Glass
Mountains of west Texas, The type gsection of the Guadslupisn
Series is at the northern marzin of ithe Delaware RBagin., Each
series ig characterized by the presence of distinetive fusul-
inids, ammonites, and brachiopods (Dunbar et al. 1960),
Fusulinids are completely absent and datable ammonites and
brachicpods have never beén reported from the San Andres Forme
ation in the study area. Dunbar et al (1960) cencluded that
in west Texas and southeastern New Mexico tﬁa 1awér part of the
San Andresz was Late Leonardian and thé upper part was Barly
Guadalupian in age. The determination of'the exact age of the
lower Ssn Andres in the study area has never been revorted in
the published literature of the San Andres Formation.

A minor attempt was made {0 find datable conocdonts in a
sample which had a goad chance of containing them, 4 limestone

sample with abundant normal marine fauna (Honde, unit 35) was
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erughed, treazted with glacisl acetic aclid; and the heavier
fraction was separated using acetylene tetrabromide (S.G. 2.90),

However, 1no conodonts were Found in the residue.
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INTRODUCTION | |

The paleontologic emphasis in this study has been 1argeiy
to use major types of trace and body fossils for environmental
determination, Mo effort has been made to determine genera or
species for taxonomie or. age-dating purposes. Only invertebrate
body fossils were found. No algal body fosgsils or plant remains
were recognized, |
- The carbonale member of tﬁe‘lower San Andres Formation is
divided into a number of depositiocnal faciss on the basis 0?
~the envirenments inferred present during deposition. The char-
scteristic features of these facies are deseribed later in this
report in the section on carbonate depositipnal facies. Figure
S illustrates aﬁ eatimate of the relative freauency of oceurrence
of trace and body fossils present In the carbonate depositional
facies of thisg sﬁud&. |
TRACE FOSSILS
Introduction

Three general types of trace fossils were recognized in
the study areat 1) a general mottling of ﬁhe rock surface, but
without any clearly definable burrows, 2) unoriented, but dis-

tinet burrows, and 3) burrows of "Cruzianas" type (i.e. burrows

oriented obliquely or parallel to stratification: figure l%}.
No "Zoophyeus* or “"Nereites™ types of burrowing were founds‘
(Seilacher,'1967}i There is no evidence of boring, except
within a few individual oncolites‘in the carbonate member at

Hondo, unit 35.
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Carbonate Member

The type and smount of burrowing varies between different
carbenate depositional facies. The supratidal and intertidal
facies are in plsces slightly to modevately motiled. Burrowing
in the normal-marine facies is limited o a general motiling,
which ig comwmon to vare in places. "Cruziana® type and distinct-
ive unoriented burrows are almost completely confined to the
restricted marine facies. Most burrows in this facies are of
the "Cruziara" type. '

“Cruzisna® type burrows (figure 11) have the following
characteristics in the carbonaie member in the study aresa. In
twe dimensions, the “Cruzisna®™ burrows are oriented obliquely
to stratification. They ave generally about 1 inch in dismeter,
but range from 13 to & inches. The maximum apparent lengih in
two dimensions is about eight inches, A few burrows are dis-
tinetly internally laminated with concentric U-shaped laminae
{figure 11A). ILocalily, individual burrows give the impression
of being part of a network, but this effect may be dve to two
or more distinct superimposed burrowing events (figure 11B).
“Cruzisna" type burrows are commonly filled with unidentifiable
fossil debris, eostracodes, and peloids, whereas the host is a
mudstone (figure 11A). Such fabries result from the mixing of
fosgiliferous and unfoggiliferous sediments by burrowing organ-
isme,

The crustaceans Alphsug and Callianagsa produce burrow

networks in Recent carbonate sediments, whose segments are of

the approximate diametexr and length of most of the *Cruziana®
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type burrows of this gtudy (figure 11B). Shinn (1968a, figure
16) iilustrates a core slab from the San Ahdres Dolomite of

west Tewas and a Recent core slab with a Caliianzssa burrow,

The burrows in both core slabs have 2 very similar, concentrice
ally laminated structure; which is somewﬁat gimilar to atructe
ureg found in a few of the "Cruzisns” burrows examined in pol-
ished slzbs in this study.

The usefulness of trace fossils among rocks of different
ages is based on the principle ihai whereas organisms Them-
gelves have svolved through time, their behavioral reaction to
. gimilar environmenis has rerained essentially the same (Heckel,
1972}, Consequently, the similarity in size and siructuce
petween some of the “Cruzizna® type burrows of this study and
Recent Alpheus and Cgllisnsssa burrow$ suggests similer environw
mental conditions during deposition. ©Alvheusg®™ or “"alllianassa"
type burrowing in Recent sediments is found in intertidal %o
shallow subtidal enviromments {Shinn, 1968a; Weimer and Hovt,

1664), “Cruziana® type burrows are dug in modern shallow

subtidal environments for protection and as “feeding mines®

for deposit feeders. These burrows are more common in guieter
water where finer organic material settles out {(Heckel, 1972).
Consequently, “Crugiana®" type burrowing in the restricted marine
Tacies of +this study suggests shallow subtidal to intertidal
depths during depogition. Burrowing in the normal marine facles
is toc indistinet to provide depth information, but the lack

of "Zoophycus" and "Nereites" burrowing suggests relatively

shallow depths during deposition.
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Giorieta Sandstone Member

Trace fossils are rare in the Glorieta Sandstone Member.
Mottling is the moat common ev;dence suggestive of burrowing
and at least some of it may conceivably have an inorganic
origin. “Cruziana® type burrowing was founﬂ on a plece of
float from the upper Gloriets tongue at Bluewater and near the
top of the lower Glorieta tongue at Fort Stanton. These bur~
rows are about ¥ inch in diameter and are oriented parailel +to
stratification. They suggest that ot least some of the Glore
ieta Sandstone was deposited in a shallow marine environment.

" The general lack of burrowing coupled with the large number of
tractive current sedimentery structures suggests that most of
the Glorieta Sandstone was deposited in g non-marine environ
ment or that sand movement was great enough to Inhibit burrowers
in a marine environment,

BODY FOSSILS

Carbenate Member

Introduction

Parts of the carbonate member are apparently barren of
biota, whereas other parts are highly fossiliferous. The inter-
est in biotics in the carbonate member is confined to the envire
cnmental inferences that may 5@ drawn from the exclusive presence
of members of either & normal or restricted marine fosgsil assemb-
lage. Figure 6 illustrates an estimate of the reslative frew
quency of oeccurrence of body fossils in the carbonate deposit-
ional environments inferred for the lower San Andres Formation

in the study area.,
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Normal Marine Assemblage

The normal marine assemblage consisté‘of biotic types.,
which are known or inferred to- require normal marine condit-
iong for life, especially ncrmal marine salinities, The
assemblage is generally found in very fogsiliferous rock units,
Rock units where relatively few of these biotics are present
suggest less well-developed normal wmarine conditions., The
nornal marine assemblage congists, in order of decrzasing
relative abundance, of Productid brachiopods, érinoids, bryozoans,
non-Productid articulate brachiopods, echinoids, trilobites,
. and cephalopods, '
Productid brachiopods: the most common and, except for a very
few cephalopeds, the largest bictie constituent in the study
area, Productid valves are not commonly aisarticulated and
fragments are angulay with no evidence of abrasion, Productids
are commonly partially silieified, .

| Produetid spines are locally abundant

even where valves are relatively rare.

Crinoids: the gsecond most common Wiotic

0Q

onstituent, They are
generally coarse sand To granule size disarticulated columnaels.
ﬁo crown fragments were recognized.

Bryozoans: included in this assemblage even though some modern
types are tolerant of salinities slightly higher then that of
normal marine waters because in the study area 1) they are
almost exclusively found in asgsgsociation with normal marine
biota, and 2) they are only very rarely found associated

exclusively with mewbsre of the restricted marine assemblage,
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Non-fenestrate bryozoans ave the most common type present. The
only carbonate buil&-ups noted are bryozoan~gsitracod bioherms
in Cayming Ranch, unit 9. The bioherms sre sbout five feet
thick and apparently had about 1% feet of depositional relief,
Non-productid articulate brachicpoeds: relatively rére and
found in abundance only at Fort Stanton, unit 13.
Echinoidss relatively rars. Both echineid spines and plates
were noted,
Trilobites: generally rare, except in Hondo, unit 37, where
fragments are abundant. Trilobites are exclusively associated
"with biota of known or iﬁferred normal marine affinities in |
the gtudy afeaa
Cephalopods: the largest (6 to 8 inches) and amonz the rarest
‘of biotic constituents, Only twe specimens were found in place
(Carming Ranch, unit 16 and Sunset, unit 15), whereas others
were orly cbmerved in float.
Restricted Marine Assemblage
The restricted marine assemblage consists exclusively of
biotié types which are known ¥¢ be in some degree tolerant of
adverse environmental conditions, especially large variations
in salinity. The sszemblage is generally found in barren to
only slightly fossiliferous rock units in the field. In pol=
ished slab and thin section, some of these rock units were
noted to have abundant microfauna, The restricted mérine assemb-
lage consists, in order of relative abundance, of ostracods,
gastropods, Foraﬁinifera. pelecypods, spirorbid worm tubes, and

possible members of the Sityliolina~Tentaculites group. Ostracods
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and gastropods are not infrequently found associazted with normal
merine biotic constituents, 2'
Ostracods:  the most abundant'restr%cted marine biotic fqrﬁa
They are generally of sand size, but granule size ostracods
are present in bryozoan-ogtracod biohermé at Canning Ranch, unit
9. _
Gastropods: commén and range in zize from about three inches
in dismeter to coarse sand size.
Foramniniferas generally rare, but are common in & few rock
unite, Apparently only calcareous types are present,
-Pzlecypods: not commonly noted, They usually appear a8 sparry
caleite filled fragment molds, wh;ch are identified by theiy
general morphology. |
Spirorbid worm tubes: =z close similarity dbetween some biotic
constituents noted in this ztudy and spirorbid worm tubes ident-
ified by Laporte (1967). These biotic forms were only rarely
observed in the lower San Andres Formation.
Siviiolina-Tentaculiteg?: a gross similarity between some
biotic forms noted in this study and fossils identified as

pogsibly belonging to the St&liolinam?entaculites groups by

Wilson (1967). These biotic constituents are only very rarely
observed in the lower San Andres Formation., The true biologiec
‘affinity of Wilson's fossils are unknown,:

Glorieta Sandstone Mamber

No body fossileg were found in the Glorieta Sandstone Member
of the San Andreg Formatiori, Organiec films suggestive of dig-

solved fossils, such ag in the Devonian Oriskany Sandstone of
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New York (Pray, personzl communication, 197%) have not been

noted.
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CARBONATE MEMBER OF THE LOWER SAN ANDRES FORMATION
INTRODUCTION

The carbonate member of the lower San Andres Formation
in the study area consists of the lower, middle, and upper
carbonate tongues. The three tongues thin to the north as the
lower San Andres.becomes deminently sandstone.

About 75% of the rocks of the carbonate membsr in the
study area are dolomite. There is a general increase in
limcstone at the expense of delomite wegtward across the study
area (figure 5). Limestone is Jmportant in the lower carbonate
'tcngue at Hondo and Fort Stanton, in the middle carbonate tongue
at Camning Ranch, in the upper carbonate tongue at Hondo and
Canning Ranch, and in the entire section at Fox Cave.,

Mudstones snd wackestones {after Dunham, 1962) constitute
almost all (94%) of the carbonate‘member, The predominance of
mid-support rock fabrics strongly suggests that mest of the
delomite crystals in the carbonate member represent original
calcium carbonate mud precursors, Packstones and érainstones
nzke up about 5% of the carbonate rocks present. They are
generally found in the colitic rock units at Canning Ranch and
Bluewater, whereas they are very rare to absent in the c¢ther
sections. Boundstones constitute less than 1% of the carbonate
member and consist of cryptalgal laminates, algal stromatolites,
and bryozocan-ostracod bicherms.

Well-defined, laterally continuous bedding planes are
generally rare, Most of the carbonate member is very thickly

1o thickly baddéd and internally massive, At the Sunset, Hondo,
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Fox Cave, and Bluewater sectlons, the carbpnates above and
locally below the Yeso/San Andres contact are commonly thinly
bedded and internally indistinctly to distinctly laminated
ingicating environmental conditions inimical to the survival
or development of burrowing organisms. Extreme salinity and/
or low oxygen content of the water is the most likely souse of
the absence of hurrowing organisms, Since no evidence of
supratidal exposure was noted in these rock units. Towards
the top of these four seciions, obscure to distinct medium
bedded rock units are interbedded with thick bedded units,

Most carbonate rocks are at least moderately petroliferous
in that they have a darker aspect than is usual in shelf car-
bonates (Wilson. 1972) and they emit a fetid odor upon bveing
struck with a hammer. Supratidal faciesg are usually much
lighter than other facjes and are essenfially unpetroliferous.
Twe explanations for this patiern are possible depending on
whether the hydrocarbons present were formed in situ or trans-
vorted into the area. 1If they formed in giitu, then the absence
of hydrocarbons suggests the oxidation of organic material on
gupratidal flats and the reduction of organic material in all
other environments. Xf the hydrocarbons migrated into the
carbonate vock units, then relative porosities might be respon-
sible for their locallized absence. Subaerial cementation
processes might have rendered the supratidal facies relatively

impermeasble compared with the other carbonate facies,
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CARBONATE SEDIMENTARY STRUCTURES

Introduction

Organo-gedimentary structures and emergeﬁt desiccation
features are the nost common cérbonate sedimentary siructures
present in the study =area. Distinet cross-stratification
is alwmost completely absent in the carbonate member, even in
the undaform-ecdge facies, and hence is not discussed Turther
in this report. Figure 6 ig an egtimate of the relative
frequency of occurrence of sedimentary struactures in the car-
bonate eavironments, which are inferred to be repressnted in
- the study area.

Qresano-~sedimentary sirugiures

Organo~sedimentary structures consist of cryptalgal law-
inates, algal stromatolites, and oncolites., They are relatively
very rare in the study area. Thesé structures are inferred to
have formed through the sediment binding activities of blue=
green algae. No evidence of rhodolites {(i.e. red zlgal
encrusted balls; Bosellini and Ginsburg, 1971} was noted.

Cryptalgal laminates (Aitken, 1967) are rock units with
undulatory laminae at lesst some of whith are inferred to be due
to the activity of blue-green algae. The crypltalgal laminates
noted in this study (figure 21C) have the following character=~
istics: 1) they develop into recognizable algal étromatolites
in a few rock units, and 2) they only very rarely contain evapor-
ite molds. Crypitalgzal laminates form in protected mud-flats
in Recent carbonate settings (Ailtken, 1967: Logan et al, 1964),

—— g E——

The cryptalgal iaminates of this study are compatible with
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formation in protected mud-flats, which generally had enough
water circulation to prevent the formation or preservation
{(Shinn et al, 1965) of‘evaporite minerals.

Domal algal stromatoli%eé (Aitken, 1967) are the most
common type of algal stromatolite noted in the lower San Andres
Formation. Domal stromatolites in the study area may he chare
acterized as follows: 1) they consigt of simple, undulatory
laminations, a Tew of which show emergent desiccation features,
2) they are commonly associated with intraclasts, 3) thay are
net asscciated with evidence of evaporites, and &) they range
- in gize from about 3 to & inches in diameter., Domal stromatol-
ites form in exposed intertidal mud flats, where the scouring
action of waves and other interacting factors prevent the
growth of alzal mats between stromatolites {(Logan et al. 1964),
to shallow subtidal areas (3 4o 25 feet deep in Bermuda:
Gebelein, 1969) in Recent carbonate settings, The degree of
degiccation present in the siromatoliites observed in the study
ares has been used to help determine whether they were deposited
in low supratidal/high intertidal or low intertidal/subtidal
environments. The absence of evidence of evaporites suggests
at least minimal amounts of water circulation in the intertidal/
subtidal environments and not infrequent inundation of the
supratidal environmant.during the formation of domal stromatol-
ites,

Digitate algal stromatolites (Aitken,

1967) were noted only in Bogle Dome, unit 26 (figure QB),

There ig no appavent toalescence upwards into laterally linked
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hemispheroids (Logen et al, 1964), The digitate siromatolites
are about & inch in diameter and contain abundant tubules,
Digitate stromatolites are generally thought to have formed
orly in lew intertidsl environments exposed to waves. {Altken,
1967). The digitate stromabolites of this study may well have
formed in such zn environment. However, the presence of well
developed fenestral fabric (see téx% below) in the carbonate
matrix between the stromatoiites suggesﬁs‘subsequent subserial
exposure, N

Practically the only occurrence of oncoliies is near the

'tap of Hondo, ualt 35 (figure 21A}. These oncolites zre gen-
erally concentric (mode C of logsm et al. 1964). Gastropod,
coineld, and bryozoan fragments are the main nuelsi, A few‘
encolites have been bored, with borings about 2mm in dismeter.
Oneolites form in very shallow subtidal areas sxposed o waves
to low interitidal areas exposed to agitvated shallow water in
modern carbonate settings (Togan el al. 1964). The oncolites
of Hondo, ﬁnit 35 were probably deposited in a2 nearly continuously
agitated shallow subtidal environment because of the concentric
nature of the oncolite laminae and the lack of any intertidal
features in the unit. The presence of crinoids and bryczoans
suggests normal marine conditions during deposition. A single,
leached oncolite was noted in Sunset, unit 10 (figure 10B). It
was probably transported into the area during deposition.

Emergent Desiccation Features

Introduction

Evidence of subaerial exposure is relatively very rare in
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the lower San Andres Formation in the study area., The presence
of fenestral fabric, mud cracks, and some‘brecciaticn is used
in this study to recognize subaerizl exposure during deposition
or shoritly theresfier, |
Fenegtral Fabric
Fenestral fabric is not common, but some is found in almoest

all measured sections (Piates I to VIII; figure 10}, IFenesirae
are.defined as primsry or penscontemporanecus gaps in rock
framework, larger than grain suppcr%éd interstices regardless
of. degree or character of subsequent filling (Teovbutt et al,
1365), Fenestral fabric in the study area is found only in
dolomite hosts. Isolated bubble-like cavities indicative of

a gas bubble origin were not observed. Fenestrae consisting '
of planar isolated cavities are inferred to ha%e been made by
shrinkage resulting from desiccation of subaerially exposed
sediments., Sparry calcite cement is the most common fenestral
filling, bvut sparry dolomite cement is present in Sunset, unit
s, Carming Ranch, unit 10, and Hondo, unit 24, HNo internal
sediment or sheet cracks wére noted. Fenestral fabric in the
study area is commonly associated with avundant to common in%ra«
clasts and slight to moderate brecciation., It is rarely, if
ever, associated with anhydrite nodule or gypsum molds, Fen-
ggtral fabric in modern carbonate settings is most abundant

in supratidal dolomitic sediments, sometimes present in inter-
tidal sediments, and never present in subtidal ones (Shinn,
1968b). Rock units with fenestral fabric in the study area

are interpreted to have formed in supratidal or intertidal
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environments depending on the degree of em@rgent desiceation
present.
¥ud Cracks _ _

The eracking of muddy sediment by desiccalion mcst-éommcnly
ccours during subasrial exposure, buf may happen subagueously
under special conditions (Heckel, 19723 3«3112:‘::11:_s 1965}, Con-
sequently, other evidence of subgerial exposure is desirable
for environmental interpretation. IMud cracks were only found
in twe rock wunits in the study area, namely Hondo, unit 6 and
Caaning Ranch, unit 10, In Hﬁndo; unit 6, distinet polygens
“about 2 to 4 inches in diameter and abeut 1¥ inches thick are
present, They are associated with fenestral fabric above and
below them; The inter-polygonal areas are partially filled
with intraclasis. In Canning Ranch, unit 10, sparry calsite
filled mud cracks are present. Such mud cracks appear to be
relatively rarely reported in the literature, However, similar
mud erack filiing has been described by Fischer (1964) and
Matter (1967). PFischer (1964) invokes an algal mat mechanism
to explain this type of filling: 1) cracks formed under the
cover of a tough algal layer or 2} they formed at the surface
and were overgrown by an algal mat before acguiring a mud fil-
ling. The presence of cryptalgal laminates and stromatolites
in the rock unit is compatible with the foregoing explanztion.
Fenestral fabric in the overlying unit and algal stromatolites
and cryptalgal laminates within the rock unit suggest a sub-

aerial cause of mud cracking,



Breceiation ‘

Brecciation (figure 94) can form in a pumber of ways,
environments, znd times relative to depositioﬁz 1) intense
desicoation due to subaerizl exposure, 2} an initial step in
the calichification process (James, 1972; Reeves, 1970}, 3)
solution brecciation due to the leaching of evaporites, 4)
associatéd with penecontemporaneous submarine cemenied hard-
grounds of the Persian Gulf {Shinn, 1969}, 5) mild epeirogeny
may brecciaste weaker rocl units, or 6) igneous intrusion fre-
guently brecciates adjacent rock units. Consequently, hrec-
‘clation per se is useless ag an environmental indiecator, but
assoclated fealtures may suggest posgible causes ¢f brecciation,

Breceiation in the study area is generally rave to common,
Most breceiation is probably dus %o the Recent calichification
of carbonate rocks in the lower San Andres Formaticn., Brecge
ciation is generally found in the supratidal depositional facies
(e.g. figure 94), where it may most likely be related to intence
desiccation during subaerizl exposure. However, locally breg-
ciation may have been conceivably caused by the solution of
evaporite minérals or by the start of Permian calichification,
although no evidence was found to support these hypotheses,
Brecciation related to the emplacement of igneous intrusives
is common at Fox Cave,

Conclusion

The preceding sections on carbonste sedimentary structures
illustrate that individual sedimentary structures only rarely

form in a single distinet environment of deposition. Consequently,
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combinations of sedimentary structures and palesontology wers
used to interpret supratidal, intertidal, and subtidal environ-
ments in this study.

The sedimentary structures and paleontology noted in the
gtudy area indicates that the environments of deposition of the
lower San Andres Formation were prademinately subtidal and that
gsupratidal and intertidal envivonments were rare. The general
sbsence of evidence of the former presence of evaporites in the
supratidal and intertidal facies of this study suggests that
sabkha environments of deposition were rare during lower San
Andres time. The lower San Andres in the study area is loc-
ated on the Pedernal positive element, which appears to have
been active during lower San Andres time (see PALEQGEOGRAPHIC
IMPLICATIONS OF STUDY). Hence, the paucity of supratidal and
intertidal faciss in the study area suggesis that at least
most of the lower San Andres Formation, which was deposited off
of the Pedernal positive element; was probably deposited sub-

tidally.



PEVDOGRAPHY
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Introduction

The petrography of rock units during this study was con-
fined to what was necegsary to identify the types and sizes of
grains present in order +o aid in the environmental interpret-
ation of the rock units. PFigure 6 illusirates the relative
frequency of occurrence of skeletal and non-skeletal grains in
carbonate depositional facies., The petrographle parameters
pregent in the measured ssctions are graphically porirayed in

Platea I to VIII,

-bI{EASLr.L ns

The skeletal grains identified in the lower San Andres
Fermation in the study area have already been discuessed {(ses
30DY POSSILS). These skeletal grains generally lack all evide
ence of transport and abrasion. Brachlopods are commonly not
disarticulated and aimost zll skeletal fragments are angulsy.
Hence, Lower San Andres deposition appears to have been aimost
entirely in low-energy environments,

The term peloid (Bathurst, 1971) is used to denote crypto-
crystalline aggregates of unknown origin that are smaller than
0,2mm in diameter. Peloids, especially those suggestive of
fecal pellet origin, are very rare in the study area. Yet they
are zbundant in both modern and many ancient shelf settings.
This suggests that peloid boundaries have become merged and
blurred beyond recognition {Beales, 1965) probably owing to the

compaction of very poorly cemented or non-cemented peloids and/
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or the effects of pervasive dolomitization. The term fecal
pellet cluster is used to denote small clusters of rcunded
peloids, which at least superficially‘resemble ciusters of
fecal pellets found in modern carbonate environments.

Intraclasts

) Tntraclasts (Folk, 1959) refer to fragments of paritially
1ithified carbonate sediment which are inferred tn have been
eroded from the sea bottom or adjacent tidal flats (Blatt |
et al, 1972). Intraclasts may be identical %o peloids and
are operationally separated by a 0.2mm beundary when no evide
" ence of an intraclastic origin is present. Such grains larger
than 0.2mm are intraclasts, whereas grains smaller than 0.2mm
are p2loids. Intraclasts in the study arez are most commonly
rounded to very rounded, but angular to subangular grains are
present in places (Powers, 1953},
Oolites

Oolites are defined as subspherical, sand size carbonate
particles'that have concentric rings of carbonate surrounding
a nucleus of another particle (after Blatt et al, 1972)., The
term “true® oolite is used in this study to denote an oolite
whose nucleus congititutes less than 50% of the particle. The
term "superficial® oolite ig used in this study to denote an
oolite whose nucleus constitutes more than 50% of the particle,
Most true ocolites in the study area have been recrystallized
to the point where the rings are microscopically obscure -or
abgsent. However, enough grains with characteristic concentric

rings are available for identification of ocolitic rock units,
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True onlite nuclei were indeterminable, Intraclasts, guartsz
grains, and Foraminiferz tests, in decreaéing order of abund-
ance, are the most common nuclel in superficial oolites.

Terrigenous Grains

Terrigenous grains (mostly quartz and some feldspars)
are identical %o the ones present in the quartz arenites of
the Glorieta Sandstone Member of the San Andres Formaﬁian.
They were noted in rock fabrics that ranged from slightly sandy
mudstone To very mud-lean wackestone. Garbonate rock units
that are rich in terrigenous grains loczlly contain rip-ups
- and superficial oolites with guartz grain nuclel,
Porozsity

Porosity in the carbonate member was described after the

F

classification of Choguette and Pray (1970). Calcium carbonate
mud depogited in modern carbonate settings contains poresities
of 60 to 70%. whereas calcium cardbonate mudstones (ancient
limestones) generally have porosities of a few per cent at
most. Early cementation is thoﬁght to reduce these véry high
initizl porosities to about 5 to 10% and late stage cementation
t0 eliminate the remaining porosity. Dolomitization {resulting
in intercrystalline porosity), selective solution of carbonate
grains or evaporites {resulting in moldic poresity), formation
of fenestrae (resulting in fenestral porosity), fracturing.
(resulting in fracture porosity), and/or random solution of
carbonate rocks (resulting in vugs and/or channels) may inerease
porogity in rock units, but late stage cementation also fre-

gquently eliminates these porosities. Almost all former porosity
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in the lower San Andres Formatlon in the study area is now
completely or partially filled with calecite cement. However,
sparry dolomite and quérﬁz cements were observed loc#lly, The
dolomite cements were only notéd filling fenestrae in supra-
tidal rock units,

The most common porosity type in the lower San Andres "is
dolomite intercrystalline porosity. Fossll moldic porosity is
the second most abundant porosity type. ZEvaporite and colite -
moldic porosity amd vug and chamnel porosity are only locally
significant and are completely or partially filled with calcite
-cement. Inter~ and intraparticle porcsity is rare, calcite
filled, and chiefly present in thg undaform-edge sand facles,

Interconnected porosity is practically confined to dolomite
intererystalline porosity and the inter- and intrapariticle por-
osity of the undaform-edge facies. These porosity types are
almost without exception filled with calcite cement in the study
area. However, open porosity is lecally present. The petroleum
potential of the lower San Andres in the vicinity of the study
aresa, in terms of interconnected porosities sufficient for
reservoir development, appears t¢ be confined to 1) undaform-
edge rock units inferred to be present in the subsurface in
eastern Lincoln and western Chaves Counties (see PALECGEOD=-
GRAPHIC IMPLICATIONS OF STUDY), and 2) dolomitic rock units,
which are most likely interbedded with the undaform-edge rock

units.
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CARBONATE DIAGENESIS

Introduction

Most carbonate rocks, inqluding fhose‘of thig study, have
bsen profoundly modified by post-depositional or diagenetic
changes. Cementation; dolomitization, iron sulfides and iron
oxides, dedolomitization, silicification, and stylolitization
are the carbonate diagenetic Ffeatures considered in this situdye.
Cementation

Practically nothing is knovn about cementation in the
matrix of mudstones and waekegtonesﬂl However, Recent carbonate
" mud contains porosities of 60 tc 70%, whereas mudstones and
wackestones contain at most only .2 few per cent porosity. The
lower San Andres Formation in the gtudy area containg mudstone
and wackestone aimost entirely and hence little emphasis was
placed on cementation during this study.

The study of carbonate cementation has generally been
focused upon sparry calcite cements. Such cements were noted
in the study area in molds of evapofites angd carbonate grains,
in vugs and chamnels, in inter- and intraparticle porosity, in
fensstrae, and as fracture filling (after Choquette and Pray,
1970}, Only sparry caleite consisting of equant crystals was
noted in the 100 thin seetions of the carbonate member examined
during this study. The eguant crystals imply precipitation
from a range of possible waters whose end members are connate
subsurface and meteoric phreatic waters (Folk, 1974) .

Sparry dolomite and quartz cements were observed locally.

The dolomite cements were only noted filling fenestrae in supra-
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+tidal rock units.

Dolomitination

Most lower San Andres Formation rock units are completely
dolomitized ané many are partially dolomitized, but limestones
are locally very important (figure 5). Practically'all dolo-
nite crysgtals are 0,01 to 0.02mm in diameter and are inferred
to have formed from original calcium carbonate mud., Dolomite
poré—filling crystalg are locally present and are wvery varie-
able in size ranging from about 0.0l tc 0.10mm in diameter.

Murray (1960) describes a very common séquence of select-
"ive dolomitization in carbonate rocks with both mud and graing,
which results from the cannibalization of local calcite to form
dolomite crystals and leave intercrystalline porosity. Examples
of all phzses of this seguence are present in the lower San
Andree Pormation {(figure ?), The most common phase of the
sequence in the study area is the complete selective dolomitiz-
ation of mud matrices and preservation of caleitic fossil frage
ments in mést dolomites. The final stages of the selective
dolomitization proceés in the lower San Andres usually rgsulted
in the leaching of fossil frzgments and the fermation of moldic
porosity. However, less commonly, echinoderms were dolomitized
whereas other biotics were leached,

Modern carbonate tidal flats commonly contain varying
amounts of dolomite, Supratidal flat environments produce cone
ditions necessary for dea—water evaporation to ‘the point
where dolomitizing waters are produced. The heavy hypersaline

water moves down from the supratidal surface and dolomitizes
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the underlying sediments (Iucia, 1972). VWhether or not the evapor- N
ation results in the formation of preservable evaporitesa is depend-
ent on climate. The Bahamas are in a tropical climate and evapor-
ites, which are probably formed, are not preserved (Shinn’g; al,
1965), The Trucial Coast is in an arid climatic zone and the
formation of evaporites accompanies dolomitizatlion (Bebout and
Maiklem, 1973).

The patterns of dolomitization in the lower San Andres are
almost entirely consistent with an emergent tidal«flat dolomit-
ization model: 1) the greatest amount of limestone is found at

Fox Cave, which is the only section lacking recognizable supra~
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tidal or intertidal facies, 2) conversely, for example, Sunset
has evidence of four separate periods of subaerizl tidal flat
deposition and Bluewater one period:; furthermore, both sections
are almost completely dolomitiéed, inciuding some dolomite~-
cemented sandstones, 3) at Hondo, For® Stanton, Fox Cave, énd
to a lesger extent Canning Ranch, ﬁormal marine units tend to
be limestones, whereas other faciés tend to be dolomites, &)
~at Hondo, Fox Cave, and Canning Ranch, the upper parts of
normal marine rock units tend to be dolomitie and grade up into
pure delomites, suggestin%?%?limited gravity sinking of later
penesaline brines wag responsible for delomitization, and 5)
with only a few exceptions, evidénpe of the former presence of
evapcrites is found in dolomitic hosts, suggesting that an
increase in the Mg/Ca ratio was due to the precipitation of
gypsum and anhydrite., No convincing evidence for a regional
permeability or reflux model of dolomitization was recognized,
The patterns of dolomitization are generally incompatible with
a lateral movement of dolomitizing brines hypothesis. Deposite
ional facies control of dolomitization suggests that it was an
early diagenetic process, |

Iron Sulfides and Iron Oxides

Microgcopic hematite pseudomorphs after pyrite are common
in the lower San Andres Formation. In the evaporitic facies,
they are usually found as parts of red rims that form the outer
portion of anhydrite nodule molds. The pseudomorphs ave found
as widely disseminated individual ecrystals and clusters of interw

grown crystals in the carbonate deposltional facies of this
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study, except the supratidal, some of the intertidal, and the
undaforme~cdge sand facies. Their presence suggests reducing
conditions existed at or just below tﬁe sediment-water inter-
face penecontemporaneously with deposition.

Dedolomitization

Dedolomitization was only noted in one rock unit in the
étudy area, Sunset, unit 11 is thin, irregulsrly laminated,
and has a fabrie of calecite crystals, whieh are very similar
to pseudospar calcite from the neomorphism of carbonate mud
(FPolk, 1965). A possible dedolomite origin is suggested by a

"number of textural and stratigraphic criteria. The tThin lime-
stone ig in a section that is practically all dolomite (figure
5). The unit is not unlike the underlying laminated dolomite
rock unit, if diagenetic effects are not considsred., Features
typical of the clotted or "grumeleuse® dedolomite texture of

Evamy (1967) are present: 1) several sharp, partial rhombo-

hedral margins, 2) cavities parily filled with apparent blocky
caleite (psuedospar of Folk, 1965%), but lacking partial mud -
fillings, and 3) dark clots within ingividual calecite crysfals.
The clots are suggestive of original dolomite rhombohedra with
dark centers, which are likely fo be the product of dolomitiz-
ation of mud., Thig interpretation is consistent with the infer-
red presence of an original mud-supporited fabric.
Dedolomitization can oﬁly proceed at or near the earth's
surface (Evamy, 1967). The dedolomite unit is in an intertidal
depositional facies, which is stratigraphically equivalent to

a well developed supratidal facies at Hondo. This stratigraphic
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selectivity suggests a Permian origin for the dedolomitization.
However, a Recent origin cannot be discounted on the availéble |
evidence. ‘

Silicification

Silicification in the lower San Andres Formation in the
study area is relatively uncommon. It oceurs as chert nodules,
fosgil replacing silica, and pore-filling chalecedony, Chert
nodules zre most common in the lower, but ave also wery common
in parts of the upper and ﬁiddle carbonate tongues. Chert‘
nodules usually constitute no more than about 5 to 10% of the

"rock units in which they appesr. They range from coarse sand

to large cobble size in dizmeter. Biota, especially brachiopods,
are commonly selectively partially silicified in well-develOped-
normal marine facies. Chalecedony is only common locally in
éanning Ranech, unit 10. All chalcedony found {present in six
out of ane hundred thin sections examined) was optically length
slow,

Fossils are preserved in chert nodules in dolomite rock
units where the bioctics have been leached from the carbonafea
This proves that silicification preceded dolomiﬁization. Hence,
silicification must have been an early diagenetic process,
because of the evidence already cited (see Dolomitization) that
dolomitization in the lower San Andres was an early diagenetic
process.,

Stylelitization
Stylolites are abundantly present in the study area.. Many,

if not most, bedding planes in the carbonate member are along
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sﬁyloiitized contacts. The gstylolites vary in relief from
about 4 inches to microgcopic dimensicns, with most amplitudes
less than about % ineh. '

Very thin red clay seams are almost universally present
along styolites., However, much thicker red seams about % inch
thick were Tound in thé upper carbonate tongue at Bogle Dome.,
Charles Vialker, formerly of the New Mexico Bureau of Mines and
Mineral Rescurces, suggested that these thick red seams might
be insoluble residues left behind by the solution of evaporites
(pers. comm., 1973). However, no independent evidence of
“evaporites was observed in the upper ¢arbonate tongue at Bogle

Dome,
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EVIDENCE OF EVAPORITES

Intreoduetion’

Stratified evaporites are often associated with shelf
carbonates (Imciz, 1972), but none are recognized in the lower
San Andres Formation in the study area, There is alsc but
little evidence in the study area of the former presence of
evaporites prior to their removal by sclution. Metecric water
commonly leazches out any evaporites that may be present in
rock units, thereby Ifrequently resulting in ocutcrops with col-
lapse brecclation of a typically dolomitic host, if stratified
evaporites had been present, and molds of evaporitic crystals
or nodules {Imecia, 1972). Breccigtion in the study area isl
local,; small scale, and not demonstrably due to the leaching
of evaporites. However, there is local evidence of salinities
high enough to form evaporite minerals. Evidence of the former
presence of evaporites in the study area consists oft 1) com-
mon to abundant occurrences of melds, which are the solution
products of former nodules and which shall henceforth he termed
anhydrite nodule molds (figures 13B, 14), 2} rare occurrences of
evaporite crystal molds, and 3) rare ocourrences of optically
length~slow chalcedony. The very limited evidence of evaporites
in the lower San Andres in the study area coupled with the arigd
climate inferred for Permian time suggests sufficient water cir-
culation to prevent the vrecipitation of stratified evaporites.

Anhvdrite Nodule Molds

Major occurrences of anhydrite nodule molds are practically

always confined to dolomitic hosts which are almost %o completely
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barren of biota, but lack 211 indicaltion of subaerial exposure,
such as Fenestral fabric, mad cracks, algal méts, and abundant
intraclasts. The exceptions to this are as follows, There
are a few occurrences of anhydrite nodule molds in subtidal
facles overlain by supratidal facies, but in almost each case
the supratidal faciesg itself is free of evidence of evaporites.
This suggests the possibility that evaporite nodules may have
formed subaqueously prior to the advent of supratidal condit-
loms,. Only one occurrence oflanhydrite nodule molds intimately
asgociated with emergent desiccation features was found (Canning
Ranch, unit 10), Anhydrite nodule mo;ds in a laninated, unfos~
giliferous limestone hogt were found in Fox Cave, units 10
(figure 144A) and 24, Some were noted in a few rock units with
a normal marine biota. ere the anhydrite nodule molds increased
in relative abundance upward in the units, suggesting formation
from hypersaline brines, which were concentrated during later,
more restricted environments of deposition.

No gypsum or anhydrite crystals or nddules are preserved
in the study area. MNost cavities or former cavities of evapore
ite nodule origin are now partially or completely filled with
caleite (silica in one rock unit) and few are completely empty.
Anhydrite nodules in the San Andres Formation in the subsur-
face (Murray, 1960, p. 517, figure &) appear at least super=
ficially similar to most of the anhydrite nodule molds noted
in the study area. Anhydrite nodule melds in the lower San
Andres Formation range from about 1/16 to 2 inches in diameter.
Rarely, a few nodules appear to have coalesced to form vertical

features about 6 to 8 inches long (figure 1hR)., Evidence of




the caleitized replacement of anhydrite nodules was sought

in eight thin sections and about twenty polishéd slabs con-
taining snhydrite nodule molds, but the characteristic calcite
crystal morphology and inclusions of small delomite crystals
were not recognized.

Most anhydrite nodule molds in the study area are char-
acterized by lobate outlines (figures 13E, 1kA), internal septa,
and red; hematite rims (figure 14A) forming the outside of the
molds. Iweia (1972) reports that rarely, evaporite nodules have
a rectangular outline with straight sides. Such anhydrite nod~
ule molds were noted in a sample from Fort Stanton, unit 22,
Anhydrite nodules in a core slab from the San Andres Formation
of west Texas were obsérved by %hé author to contain pyrite
rims (pyrite is used in a generic sense in this study e include
marcasite). The hematite rims forming the outside of most
anhydrite nodule molds in the study area most likely represent
similar pyrite precursors, which were later oxidized. Hematite
rims are almost azlways very thin with respect to the nodules
in which they appear, except in Sunset, unit 15, where anhydrite
nodule moids are completely to almost completely filled with
hematite.

A relatively few rock units have calecite-filled pores or
former pores, which have the general aspect of anhydrite nodule
molds, but lack red rims. These pores have lobate outlines,
internal septa, are assoclated witﬁ the same types of sediment
hosts ag red rimmed nodule molds, and hence probably are anhyd-

rite nodule molds. Red rimmed and unrimmed anhydrite nodule
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molds were never observed togethér in the same rock unit in the
study area, Geochemical considerations of'pyrite formation |
(Berner, 1971) suggest,by the process of elimination,that iron
concentration or reactivity was probably the limiting factor
in pyrite formation in the anhydrite nodule molds lacking hem-~
atite rims., However, no convincing explanation has emerged from
this study to explain the absence of hematite rims in these
probable anhydrite nodule molds,

Evaporite Crvastal bolds

Evaporite crystal molds in the lower San Andres Formation
appear scarce and most appear To originally have been gypsum
crystals. Evaporite crystal molds are recognized by straight
sides and rectangular ve-entrants (lucia, 1972). Calcite-filled
molds are present in a calcite host in Fort Stanton, unit 11,
Ewpty molds are present in a calelite host at Hendo,
unit 8. These empty molds are confined to layers sbout 1 ineh
thick, which are interstratified with layers about 1% inches
thick consisting of possible cryptalgal laminates (figure 134).
A few molds are confined to a burrow in a dolomitic normal mar-
ine rock unit (Fort Sténton, unit 13). No lath-shaped molds
typical of anhydrite crystals were found in the three aforesaid
ococurrences, Théfevaporite crystal molds most likely represent
original gypsum crystals. Calcite-filled molds suggestive of
the -fabric formed by the displacive growth of anhydrite crystals
(Shearman and Fuller, 1969) were only noted in a Productid

brachiopod from Fort Stanton, unit 23.
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Length-Slow Chalcedony

The presence of optically lengtheslow chalcedony is sug-
gestive of precipitation from hypersaline brines (Folk and
Pittman, 197L)., All chalcedony noted in the study area ( found
in six out of one hundred thin sectiomnsexamined) is optically
length~slow, suggesting formation from hypersaline brines. Most

non-evaporitie former
of ‘the chalcedony fills,pores, but one occurrence was noted
coating evaporite crysital moldg in 2 burrow in Fert Stanton,
unit 13,

The presence of length-slow chalcedeny in a rock unit is
an ambiguous criterion to Infer an evaporitic deposgitional
higtory if used alone., Opitically length~slow chalcedony may
form in semi-arid soils such as those in cenitral New Mexico
today. And The hypersaline brines recorded by ﬁhe'presence of
length-slow chalcedony may not have originated neur the rock
units where it is noted. This |dlter explanation for tﬁe
length~slow chalcedony in the study area camnnot be discounted
because stratified evaporites are present in the overlying upper
San Andres in the study area and in the stratigraphically equiv-

alent loweﬂkan Andreg west of the study area,



CARBONATE DEPOSITIONAL FACIES

Introduction

Wilson (1970) outlined an idealized scheme of carbonate
environments following a pattern widely @eveloped in the geclogic
record ranging from open deep marine to evaporitic shoreface
environments. The carbonate environments inferred to have been
responsible for deposition of the carbonate member of this
study are approximately equivalent to the following five of
Wilson®s genersal shelf depecsitional environments: 1) tidal
shelf faclies, 2) winnowed platform edge sands, 3) open marine
platform facles, 4) facles of restricted circulation on marine
platform, and 3} platform evaporite facies (figure 25).

Figure 6 illustrates the estimate of relstive frequency
of occurrence of carbonate parameters within the carbonate
depositional facies discussed in this section. Plstes IX and
X and figure 8 illustrate the lateral and veritical distribution

of carbonate depositional facies in the study sres..

Tidal Flat and Lagoonal Environments

The tidal flat eﬁvironment is the most common shoreline
environment in modern carbonate settings {Lucia, 1972). About
55% of the carbonate member of this study is interpreted to have
been deposited in a tidal flat aﬁﬁfﬁgégonal setting. The tidal
flat environment may correspond to either Wilson's (1970)
restricted eiréulation on a marine platform (non-evaporitic)
environment or platform evaporite envirormment. Non-evaporitic
tidal flat and lagoonal rock units constitute about 35% and

evaporitic tidal flat and lagoonal rock units about 20% of the
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Supratidal Depositional Facies

Figured A. Sunset, unit 47: brecciation probably due to sclution of evapor-
ites or intense desiccation. ;
B, Bogle Dome, unit 263 dark masses are digitate stromatolites (D),

v
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of the carbonate member of the lower San Andres in the siudy
ares.,

Cilimate and phyéiéal setting deﬁermine which of the two
tidal flat end-members will ddminate in a glven area (Kinsman,
1969), The presence of bedded evaporites in the upper Yeso
Formation in the study area, in the lower San Andres Formation
west of the study area, and in the upper San Andres in the study
ares suggesfs a uniformly arid c¢limate during Late Yeso and
Throughout San Andreé time. Therefore, physical setting
appears to have largdy controlled evaporite formation in San
Andres seas, -

Both non=evaporitic and evagoritic tidal
flats share certain dasic features in modern carbonate settings.
Tidal flats sre commonly separsted into three major sub-
environments on the basis of dajly $idal fluctuvations: the
supratidal, intertidal, and subtidal sub-environments. The
marine environﬁent is the main source of sediment deposited on
the tidal flat. Sediment is carried cnto the tidal flat by
tidal and storm currents, If the rate of sediment accumulation
is greater than relative sea~level rise, then the tidal flat
will prograde ocut. Conseguently, subfidal deposits would be
overlain by intertidal deposits, which would in furn be over=- -
Jain by supratidal deposits. Two types of flow often result
in a topography of flats and charmels: regular on- and offlap
of tides and fummeling of tides into chamnels, Charmels may
be found in all three sub-environments of tidai flats in non-

arid settings, but are rare in arid settings (Roehl, 1967).
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Non-Bvaporitic Tidsl Flzt and Lagoonal Facies

The non-evaporitic Tidal flat and lagoonai facies of this
study consists mostly of shallow subtidal deposits with only
small amounts of supratidal of inteftidal deposits.

Supratidal Facies
The supratidal facies of this study (figures 9 and 104)

consists of tidasl flat carbonates deposited above mean high-

- tide and consequently subaerially exposed for long periods of

time between spring and/or storm tides, which occasionally
irundated them. This facieg makes up only about 2% of the
carbonate member, The supratidal facles has been recognized
in the study area by the presence of wvarious combinations of
the following emergent desicecation features: 1) fenestral
fabrie, 2) mud cracks, 3) abundant intraclasts, and 4) brec-
" eiation. The following rock types, in order of deereasing
relative abundance, are characteristic of the supratidal facies:
1) intraclastic, slightly Fossiliferous to unfossiliferous
mudstones ‘and mud-rich wackestones, 2) unfoasiliferous mudstones,
and 3) intraclastic grainstones,
Intertidal Facies

The intertidal facies of this study (figures 10B and 21C)
consigts of carbonates that were deposited between daily mean
high~ and low-tide, and hence, were daily subjected to inundat~
ion and emergence, This facies makes up about 2% of the car~
bonate member,

The supratidal facies is environmentally much more dis-

tinctive than the intertidal facies and normally directly overs
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Supratidal and Intertidsl Depositional Facies

Supratidal facies (Honde, unit 6): muderack polygons (MP) with
intraclasts between polygons (B), layer with fenestral fabric in
packstone (F)}, layers of abundant rounded intraclasts {packstone

and grainstone) (I). :

Intertidal facies (Sunset, unit 10):

lower 3: faintly rippled mudstone

upper #: fenestral fabric in mudstone (F), scour (S), leached
: oncolite (0), fossil hash in laminze (mud-lean wacke-

stone to packstone) (H).
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liea it, Hence, the best way to recognize intertidal deposits
is often to First find the supratidal facies., However, it is
posaible to have neo intertidal deposits below z supratidal
facies, and no supratidai facies over an in%ertidal deposit,
The tidal range might have been very smail snd the tidal effect
esgentially absent or an "abrupi” rvelative fall in sea level
might have resulted in supratidal deposits being underlain by
subtidal depcéits* And supratidal deposits need not always
prograde over intertidal deposits. Hence, care must be exerw
ciged in identifying intertidzl deposits solely by the use of
supratidal rock units.

It is frequently difficult ?o-differentiate low intertidal
from restricted marine deposits., Shallow subtidal sediments
are transported to the intertidal environment by storms and
tides resulting in similar sedimentary fabrics in sach environ-
ment (Roehl, 1967). Laporte (1967) handled this difficulty
by using intertidal to "denote a sedimentary regimen that is
regularly and periodically flocded by merine water for an
unspecified duration." Hence, his intertidal facies appears
to inelude at least some of the subtidal facles of this study.

The intertidal facies was recognized in the study area by
the presence of slightly desiccated to undesiccated cryptalgal
laminates and algal sitromatolites or by position underneath
supratidal desposits if shrinkagfe cracks or many gastropods were
present, The following rock types are characteristic of the
intertidal Ffacies ix the gtudy area: 1) coryptalgal laminate

or algal stromatolite boundstone, 2} gastropod mud-rich wacke-
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stone, and 3) alternating laminze of peloidal mudstone and
peloidal, fosailiferous mud-lean wackesltone to packstone.
Regtricted Subtidal (Lagoonal) Facies

The subtidal facies (the infratidal of Roehl, 1967) con-
gists of tidal flat and lagoonal carbonates that were deposited
below daily méan 1§w~%ide level, but might have been subaerlally
exposad during extreme spring and storm tides. Two sub-facies
are recognized in this study. The restricted marine facies,
which was probably deposited in tidal flat and lagoonal envirori-
maents and is discussed in this section and the normal marine
facies, which is discussed in this report as a separate major
envwiromment,

The restricted marine facies of this study (figures 11 and
124) includes the "open marine platform facies” and part of
the "restrieted circulation on a marine platform facies® of
Wilson (1970). 1% consists of carbonates deposited in 2 sub-
tidal enviromment, which was not conducive to the development
or survivald of biota inferred to require normal marine condit-
ions, The resitricted marine facies makes up about 35% of the
carbonate member.

Two sub=~facles of the restricted mafine facies are recog-
nized, namely unfossiliferous and fossiliferous sub~facies.
The unfossiliferous sub~facies is essentially barren of all
biota and may represent physical-chemical precipitation of
carbonate minerals in a penesaline environment, Unfossilifer-
ous mudstone and gquartz sand mudstone to mud~lean wackestone

are the characteristic rock types. The fossiliferous sub-facies
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Burrows in the Restricted Marine Depositional Facies

Figure I|

Bluewater, unit 32: mud-lean wackestone bur-
rows (C), mudstone host

A. "Cruziana" type burrows
B, "Cruziana" type burrows which, at least

superflclally, appear to be part of a
"Callianassa"-"Alpheus" type burrow net-
work mechanical pencil, MP, is % inch
in diameter) %
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Restricted and Normal Marine Depositional Facies

Figure 12 A. Restricted marine facies (Sunset, unit 43):
abundant fossil debris (wackestone)
B. DNormal marine facies (Canning Ranch, unit
9)t abundant Productids (PD) and intra-
particle porosity (P)
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contains only biotic types which are inferred to be tolerant
of such adverse enviromental eonditions as abnormal salinlity,
great turbidity, extreme temperature variations, or stagnation,
Hence, restricted marine does not imply that abnormal salin-
ities were alon Tresponsible, although they commonly play a
dominant role in ‘the Recent {e.g. Persisn CGulf, Clarke and
Keij, 1973). The arid climate inferred for lower San Andres time
suggests that abnormally low salinities were uniikely, Toler-
ant fauna generally represent a lowered species diversity than
normal marine assemblagss, but the number of individuals can
very greatly (Laporte, 1967},

ALL of the feollowing criteria were reguired for inclusion
of rock units within the resiricted marine facies of this sﬁudya
1) unfossiliferous or if fossiliferous, then only ostracods,
Poraminifera, gastropods, and/or pelecypods are present, 2)
absence of biota inferred to require normal marine conditions
for life, 3) absence of intertidal or supratidal character=
istics, and 4) evidence of evaporites is absent (or rare, if
common to abundant in the overlying unit). Geograpnically,
the restricted marine environment in modern carbonate.settings
corresponds to open and cut-off lagoons, straits, bays, and
cut~off ponds (Wilson, 1970)}.

Evaporitic Tidal Flat and Lagoonal Facies

Introduction
The absence of stratified evaporites or convincing evid-
ence of their former presence in the study area precludes a

physical setting during Early San Andres +time éonducive to the
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sedimentation of bedded evaporites out of a standing body of
water, The limited evaporitic features found in the rocks of
thig study are of the type produced by precipitation from
interstitial water within sediment and hence represent a dia~
genetic, not a sedimentary environment. These features sug-
gest the presence of hypersaline water “within" the sediment,
Hypersaline water “within" sediment occurs associated with
hypersaline bodies of water or is found under supratidal
flats (Lumcia, 1972).

Modern Sabkha Environments

The best studied environment in which evaporites are
precipitated within carbonate sediments 1is the cﬁastal sabtkha
oy salt flat of the southern FPersian Gulf, especiszlly the
Trucizl Coast (Kinsman, 1969)., Sabkhas are exposed, level,
salt-encrusted surfaces that are only occasionally inundated.
Sedimentary evidences of emergence and desiccation are abundant
(Kinsman, 1969; Illing et al, 1965: Curtis et 2l, 19633 Shinn,
1968b), The two components of sabkha dizgenesic arer 1) inter-
stitial precipitation of evaporitic minerals within the host
sediment, 2) changes in the host sediment such as dolomitization.,
Evaporites are restricted to the upper levels of {the sabkha
because the major recognized mechanism of dbrine concentration
is evaporitive pumping of interstitial fluids upward to the
sab%? surface, Dclomitizaﬁion may extend in depth as dense
brines move downward and seaward through the sediment. Sabkha
anhydrite 1is typically nodular. Gypsum crystals in the upper
L %o Sem of the sabkha are replaced in situ by anhydrite result-

ing in pseudomorphs. The pseudomorphs lose their shape in time
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ending up as variaﬁsly shaped anhydrite nodules. A fossile
ized sab%% will not necegsarily contain all minerals or even
traces that developed during early diagenesis. Precipitation
of diagenetic aragonite, gypsum, and anhydrite increases the
Mg/Ca ratio resuliting in the penecontemporaneoﬁs, pre-
lithifieation dolomitization of fine grained sediments (King-
man, 1969).

There is a spectacular development of intertidal algal
mats along many inner lagoon shores in the southern Persian
Gulf. They are absent on more exposed parts of the coast,
Small lenticular gypsum crystals scattered within the algal
mats and underlying sediments are apparently characteristic
af intertidal zone diasgenesis. The gypsum crystals are flat-
tened in the plane approximately normal to the ¢-crystal axis.
Consequently, these erystals typically have lozenge shapes . in
sross~-section (Shearman, 1966).

Origin of Evaporites in Lower San Andres Formation

A gabkha-like origin for the evaporite molds in the lower
San Andres Formation in the study area can only be invoked for
some of the evaporitic rock units present. Supratidal shrinkage
cracks are intimately associated with anhydrite nodule molds
only in the upper part of Canﬁing Ranbh, unit 10, And three
supratidal rock units at Sunset are underlain by anhydrite
nodule mold-bearing units, but no evidence of evaporites is
present within the supratidal rock units themselves, Some

apparent gypsum crystal molds are scattered within possible
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cryptalgal laminates suggesting intertidal zone diagenesis
(Shearmen, 19663 Tigure 134 of this study).

Many evaporitic rock units in the study area are incon-~
sigtent with a sabkha~like origin. They most commonly show
1ittle to no evidence of subaerial exposure either: 1) within
the rock units, 2) above The rock units prior to the deposite
jon of non-evaporitic marine rock units, or 3) adjacent to the
rock unites at eguivalent or stratigraphically slightly higher
levels in nearby measured sections, The only two cccurrences
of anhydiite nodule molds in calcite showing no evidence of
dolomitization or of dedolomitization fall to suggest a sabkhge
like origin because dolomitization of limy sediment Typiecally
takes place concurrantly with the precipitation of evaporites
in modern sabkhas {(Bebout and Maiklem, 1973),

The lack of emergent desicecation features in most evapor-
itic rock units in the study area may be explained in several
ways: 1) subagueous origin of diagenetic evaporites, 2) removsl
of emergent features by erosion, and 3) source of brines outside
of the lower San Andres Formation in the study ares.

A strong bias exisgts in modern carbonate sedimentology in
favor of a sabkha origin for evaporites, especially nodular
anhydrites (e.g. Kendall, 1969; Shearman and Fuller, 1969).
This bias is the result of there being no recognized modern
analogue of completely subagueous diagenetic anhydrite nodule
formation. However, recent work on the Middle Devonian Winni-
pegosis and Prairie Formations of south~central Saskatchewan

pregents considerable evidence of submarine bedded and nodular
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anhydrite formation in a basinal setting (Davies and Ludlan,
1973 Wardlaw and Reinson, 1971),' In the recent literature,
dolomite hosts are more commonly associated with supratidal
evaporites, while caleite hosts, such as the aforementioned
two occurrences of anhydrite nodule molds in calecite in the
study ares, are more commonly associated with evaporites of
inferred subaqueous origin (Kendall, 19691 Bebout and Maiklen,
1973} .

Erosion of subaerially desiccated supratidal and high inter-~
tidal portions of an evaporitic tidal flat, and preservation
of the underlying evaporite~besring low intertidal and subtidal
facles is a possgible way to explain the dissociation of evid-
ence of subaerial exposure and evidence of. diagenetic evaporites
in the same rock units. Evidence of such erosion might be less
conspicuous if it took place underwater. TFor example, there
wonld be no bullding of a soll profile, and the erosional sur-
face might be less pronounced, Relative rises in sea level and
the accompanying shelfward migration of a high~energy zone (Shaw,
19643 Irwin, 1965) might result in submarine erosion., Such a
possibility is suggested in the study area by: 1) evaporitic
rock units are not uncommonly directly overlain by normal
marine rock units, 2)'at Canmning Ranch and Bluewater, evapor-
itic rock units are directly overlain by colitic rock units,
which indicate high-energy conditions at deposition, and 3)
some evaporitic rock units are overlain by sandstone and silt-

stone rock units with undulatory contacts. Hence, there is a
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distinet possivility that at least some of the evaporitic
rook units in the gtudy area may have been formed by brines
concentrated on a sabkha-like surface, the evidence of which
was subsequently removed by submarine erosion.

Abundant bedded evaporites in the lower San Andres Form-
ation west of the study azrea and in the upper San Andres in the
study arved indicate hypersaline environments, which might have
heen the source for at least some of the concentrated brines
responsible for the formation of diagenetic evaporites in the
study area, However, no evidence was found to support this
hypothesis. Occurvences of abundant evaporite molds are strati-
graphieally controlled and do not'inérease in thickness wesi~
waird or upwsrd in the gitudy area.é?gbundanﬁ evaporite molds afe
found in hogts thatl are consistent with a penesaline local
environment of deposzsiticn. They are almost always dolomitic
and essentially unfossiliferous,

Bvaporitic Pacies in Lower San Andres Formation

The evaporitic facies of this study is essentially a
restricted marine, intertidal, or supratidal facies character-
ized by the presence of evaporite molds. Two sub-faclies are
recognized. - An evaporitic emergent tidal flat facles (figures
134 and 14B) composed of evaporitic rock units, which show
evidence of subaerial exposure or which are overlain by supra-
tidal rock units. 4And a subagueous? evaporitic faciles (figures
13B and 14A) consisting of evaporitic rock units with no evid-

ence of associated subaerial exposure within or above the units,
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Evaporitic Depositional Facies

Figurel3 A, Evaporitic emergent tidal flat facies (inter-
tidal?s; Hondo, unit 8): layers of evaporite
crystal molds (E) alternate with possible
cryptalgal laminates (L) in a calcite host

B. Subaqueous? evaporitic facies (Fox Cave, unit
6): calecite-~filled anhydrite nodule molds
(A) in a dolomite host
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Evaporitic Depositional Facies

Subaqueous? evaporitic facies (Fox Cave, unit 10): abundant
anhydrite nodule molds {A) with distinct hematitic rims (R) in
a calcite host K ‘

Evaporitic emergent tidal flat facies (overlain by supratidal
facies; Hondo, unit 24): coalesced anhydrite nodule molds (A)
(white circle is 2 cm in diameter)
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The evaporitic emergent tidsl flat facies makes up about 5%
and the subagueous? evaporitic facies about lﬁﬁ'of ‘the carbon-
ate member,. Rela?ively minor amounts'of evaporite molds are
present in some normal marine'fcck units (figure 16A). These
appzar to be related to the concentration of brines during'

later periods of hypersalinity.

Normal Harine Subiidal Facies

The normal marine facies of this study (figures 12B, 15,
164, and 21A) corresponds 4o the tidal shelf facies of Wilson
{1970). 1t consists of carbonates deposited in a subtidal
environment which closely approximates normal open marine cone
ditions. The facies is recognized by the presence of biota
inferred to require an open, normal marine environment for
development and survival, mainly articulate orachiopods and
echinoderms, The rock types nolted in this facies range from
fogsiliferous mudstone to mud-rich packstone. The-normal
marine facies makes up about 40% of the carbonate member.

Skeletzal carbonate build-ups, that ils skeletal boundstones,
are apparently almest completely absent in the lower San Andres
Pormation in the study area. They were recognized only in
Canning Ranch, unit 9, which coﬁsists largely of bryozoan=
ostracod bioherms (figure 15), These bioherms are aboul 5 feet
thick, but only about 1 to 2 feet of depozitional relief is
apparent. The bioherms are expesed for about 200 feet along
the outcrop and are laterally equivalent to a rock unit contain-

ing abundant Productid brachiopods (figure 12B). Subtidal
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Normal Marine Facies

Figure !5 Rocks of bryozoan-ostracod bioherms in normal
marine facies (Canning Ranch, unit 9):
A, Sharp contact between bryozoan (B) bioherm
(BM) and £ill material (F) covering bioherm
B. Bryozoans (B) and interparticle porosity
(P) in biohermal rock
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Normal Marine and Undaform-Edge Depositional Facies

Figure 16

A,

B.

Normal marine facies (Fort Stanton, unit 13):
abundant non-Productid brachiopods (B) and a
burrow (BW) with probable gypsum crystal
molds (G) filled with length-slow chalcedony
and calcite cement

Undaform-edge facies (Canning Ranch, unit 16):
oolitic grainstone (0) with lighter colored,
muddier stringers of oolites (M) (packstone

to mud-lean wackestone) :

bl
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skeletal banks may be present at Fort Stanton about 10 feet
laterally from where unit 13 was meagured; However, the poor
geceseibility of these guesticnable banks precluded further
examination of a posgible bank origin.

Undaforn-odze Fagles

The undaform~edge facies of this study (figure 16B) corw
responds to Wilson's (1970 platform-edge sand facies., It
consisté of winnowed oolitic znd intraclastic sands inferved
to have been deposited along an undéfofm margin, In the study
areas, it consiste mainly of oolitic and some intraclastic sands,
There are relatively few abraded bioclasts, and intraclasis and
quartz grains are ocolitically costed in places. Obscure, smali.
gcale planar cross-giratifiecation is locally present, but the
facies ig generally massive, Mud-rich tongues of oolites ranging
in thickness from about & to % inches are present in places
(figure 16B). The facies is recognized by the presence of
colitic, and less commonly, initraclastic packstone and grain-
gtone rocks.‘ The undaforme-edge sands may have been deposited
ae shoals, besches, offshore or tidal bars in fans or belts,
or eclianite dune islands (Wilson, 1970}, The depths of such
marginal sands toda& may range from sea level to 20 to 30 feet,
Salinity is commonly normal marine and the enviromment is well
oxygenated, but it iz not hospitable to bentlhonic marine 1life
because of the shifting substrate (Wilson, 1970)., The undaform-
edge facles of the lower San Andres makes up about 5% of the
carbonate member in the stuwdy area as a whole. However, it

comprises 20% of the carbonate member at the Camning Ranch and



| 75
Bluewater sections in the northeastern portion of the study

areg.

Correlation by Carbonate Depousitional Facles

Detailed carbonate sedimentology, as reflected in the
carbonate depositional facies of this stﬁdy, provides a valuable
method of cérrelaﬁing perts of the lower San Andres Formation
across the study aves {about 250 sguare miles) and probably in
adjacen% areas, Correlation of the lower San Andres in Lincoln
County prior 4o this report depended wupon the use of sandstone
tongues within the San Andres. This stud& not only confirms
the continuity of sandstone tongueg within the study area, and
hence tﬁeir validity for correla@ion, but also provides a
supplement to the use of sandstones for correlation purposes.
The applicability of using the carbonate depositional facies
of thig study for correlation of the lowsr San Andres outside
of the study area is unknown. However, the persistence of soms
of the carbonate depositional facleg, especially the normal
marine and restricted marine facies, across the study area suge-
gests that thése facies continue into areas adjacent to tThe
study area. See the "TRANSGRESSIVE-REGRESSIVE" CYCLE section
of this report for more information on the possibilities of

detailed correlation within the lower San Andres Formation,
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GLORIETA SANDSTONE MEMBER OF THE LOWER SAN ANDRES FORMATION
FIELD DESCRIPTION '

The Glorieta Sandstone Member of the lower San Andres
Formation ig generally a fine~grained, very well To mgderately
sorted, caleite cemented gusriz arvenite. It is generally less
well expesed than the carbonate member. Gress lithology is
slmost always apparent, but Sedimenﬁafy structures are hot

uncommonly indeterminable The Glorieta Sandstone 18 genere
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ally very thickly (»5 feet) to medium bedded {5 to 1
and commordy contains internal cross-stratification, wavy
bedéin", oy even, planar stratification.

Tha Gloriets Sandstone is wellow and light grey coloered
on fragh suxfaces. It westharsg to shades of yellow, gray,
brovn, and orange in decreasing order of relative abundance.
The Jower port of the vnper Gleorieta ftongue at Pogle Doms is
0311 stained dark gray to blzek.

(ERNERAL FETROLOGY
Texture

BEleven reprecentative samples from wavy vedded, crossge-
atratified, and comperatively wzll soried masssive units were
disageresgated usging a rubber pestle, sosked in dilute hydro-
chloric acid, and sieved using 3 sieve intervals down to and
including ¢, Sitaztistical parvameters were calculated (Folk
and Ward, 1957} snd are tabulated in Table 1. There is no &p-
parent systemstic variation in grain size in the study area,

The small number of samples studied precludes meaningful

atatistical trezitment to test the significance of differences
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between calculated statistical moments. However, on an inspect=
ion basis, the statistical moments generafed suggegt the fol-
lowing conclusionst 1) there is no significant difference
between average mean and median size diameters of crosse
stratified and comparatively well sorted'massive units, 2)
average mean and median diameters of wavy bedded units are
probably significantly smaller than these values for crogs-
stratified and compavabively well sorted massive units, 3) the
average percentage of grains finer than #ﬁ in wavy bvedded units
is probably significantly larger than this percentage in cross-
gstratified and comparatively well sorted massive units, 4)
there seems 1o be no significant.difference in average coarse
est one percentile in cross-sitratified and comparatively well
gerted massive units, and 5) the average sorting (i.e. standard
deviation) of wavy tedded units is probably significantly
larger than that of cross-gtratified and comparstively well
gsorted massive unite., These conclusions suggest that there
is a definite sorting differsnce between wavy bedded units,
and cross-~gtratified and comparatively well sorted units. This
sorting difference is used in this repert to help interpret
depositional flow reginmes,

Grain roundness is generally a function of grain size.
The smaller grains are uniformly sub-zngular to sub-rounded
(Powers, 1953). Most larger grains are very well rounded to
rounded, indicating a texturally very mature source. However,
%ﬁgﬁéins are sub-rounded suggesting a second,

less mature source.

8 relatively fe
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Composition

Light HMinerals

Sixteen thin sections from the three types of units (wavy
bedded, crosg-stratified,; and comparativgly well sorted massive)
were point counted (table 2) and another eleven were examined
qualitatively. All sandstone thin sections were stained for
orthoclase and plagioclase after the method of Bailey and
Stevens (1960), Orthoelase should have been stained yellow
and plagioclase red. However, both feldspars wers stained
pink. As a result, plagioclase was identified by its charact-
erigtic twirming and orthoclase by its feldspar characteristics
and lack of twinning. The numberlsf points counted generally
varied between 300 and 450, depending on the apparent variabil-
ity in each sample,' Point intervals exceedsd the diameters of
the largest grains present. A 95% confidence interval for
gach constituent was determined graphically as an indication
of variability (Van der Plas and Tobi, 1965}, -

The Glorieta Sandstone is almost entirely a gquartz arenite,
but a few units at Walker Ranch are feldspathic arenites (i.e.
710% feldspar). The feldspars (orithoclase, microcline, and
sodic plagioclase) are restricted to the finer grain sigzes,
Compositional maturity generally increases upward in the
measured sections and southward along the inferred paleoéurrent
direction. The former incresse in maturity may be explained
by increased maturity of the sediment source and/or greater
abrasion of terrigenous grains during transport and deposition,

The lativer inerease in maturity may be due to the additionzl
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sediment transport distance along the inferred paleovcurrent .
direction.
Heavy Minerals

Samples for heavy mineral separation were taken from the
lower and upper Glorieta tongues at Sunset and units 3 and 20
at Walker Ranch, These four gamples were concentrated using
acetylene Tetrabromide (S.G. 2.90), Table 3 lists the heavy
minerals identified. The sawe heavy mineral types are appar-
ently present in about the same relative amounts in all four
samples. Non~opague heavy minerals never appesr in more than
trace amounts in unconcentrated samples. Some units appear
to have slightly more heavy minerals than others, however
there appear o be no cencentrations of heavy minerals into

stringers or lenses in the study area.

TABLE 9 HEAYY MINERALS IN THE GLORIETA SANDSTONE

HEAVY MingraL]  NEHTIVE | Reycsews '

ABUKDANCE
ToURMALINE ABUNDANT BLUE,GREEM,YELLow,ﬁuK,BRnwu, SLATE Buue
ZIRCon CommoN  [LOW AND HicH BIREFRINGENT VARIETIES
RUTILE RARE

HEMATITE ABUNDANT |PSEUDOMORPHS ARTER  PyRiTE"

{_EUCOXENE Common ILMEMITE ALTERATION - PRODYCT

OFASLEDS| MoN-OPAGUED
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Cemerits

Caleite cement is abundant and the most common cement
type in the Glorieta Séndstone. Dolomite cement is locally
very important (e.g. Sunset, ﬁnit 17). Only one sample (Bogle
Dome, unit 31) cut of thirty-seven sandstone thin sections
examined had chalcedony cement. It showed optiéally.length
_slow, Clay frequently coats quartz grains in many units and
may act as a cement.
Disgensetic Features

Guartz overgrowths are common, especially in the better
sorted units,  Orthoclase overgrowths and terrigenous grains
with sutured pressure solution contacts are very rare, Calcite~
cemented spherules or_concretions ranging from about 1/16 to
2 inches in diameter =zre abundant in many units. The spherules
are more resistant than the host rock and weather out in relief
to produce a distinctive knobby appearance on the outcrdp SUL -
face.
SEDIMENTARY STRUCTURES

Vavy Bedding

The terﬁ wavy bedding (figure 17A) is used in this study
to describe rock units consisting of irregular sandstone lenses
of varying length, which are separated by undulatory, distinet
to indistinct bedding planes % to 2 inches aspart (very thin bed-
ding of this study). These units are comparatively the most
poorly sorted in the Glorieta Sandstone, having the largest
percentage of grains finer than P (tadble 1),

Wavy bedding is interpreted as a weathering phenomenon



Figure 17 4. Wavy bedding in thick Glorieta tongue below
iower Clorieta tongue (Bogle Dome, unit 14
backpack in lewer right hand corner of
photograph is about 3 feet high)

B. Bimodally cross-laminated (non-trough)
channel sandstone in middle Glorieta tongue
(Sunset, unit 17)
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resulting from the presence of ripple marks, which ars invisible
in outerop or hand specimen. Hamblin (1962) illustrates several
apparently homogeneous sandstones in outerop and hand specinen,
whose radiographs show well-defined lamination and crosse-
lamination. Consequently, the lack of visible sedimentary
structures in a sandstone does not precludée their presence.

The general lack of mottling and the presence of very thin
bedding suggests no disturbance by burrowing organisms,

Several independent lines of evidénée suggest that wavy
bedding has & ripple mark origin, A& polished slab from the
lower Gloriets Sandstone at Walker Ranch has questionable
ripple marks with ampli%udes of abowt lmm and wave lengths of
zbout 7mm. Wavy bedding, very similar to nuch ol the wavy
bedding in the Glorieta Sandstone, is present in an vuterop of
the Jordan Sandstone in Madison, Wisconsin., %There an overlying
dolomite bed permits discernment ¢f the original rippled upper
surface of the sandstone. The comperatively poorer soriing
in wavy bedded units (%table 1) is more suggestive of lower
flow regime conditions than the relatively better sorted
crogs-gtratified units. Such very low flow conditions result
in the formation of ripple marks, where sand grains are less
than 0.6mm in diameter, The thickness of beds in wavy-bedded
unitsg in the study area includes the amplitudes of most ripple
marks described in the geologic literature.

Crosg-Siratification

Different types of cross-gtratification (figures 17B and

18) are present in the study area, but no wedge-shaped sets
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Figure 18

Crogs=Stratification

Low=angle cross-lamination truncating low angle
cross-lamination suggests possible beach fore-

shore deposition (note hammer in center of each
photograph for scale)

A. Walker Ranch, unit 3
B. Bluewater, unit 16

ar
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(lcKes and Weir, 1953) were noted. Tabular cross-sets are
most abundant. Most cross-sets are 1 to 2 feet thick (ranging
from 6 inches 1o & feet), about 3 feet long (ranging from about
2 feet %o about 15 feet), and medium angle (10 to 25 degrees).
However, many cross-sets sre low sngle {<10 degrees) or high
angle (>25 degrees), Most cross-sess arve planaf {or angular).
but many are curved and tangential at the bottom. These two
types were not observed tegether in the same rock units in the
study area. Planar cross-sets form in environmenis where
thére ig little suspended load oY where the height of the lee
face is large compared with totzl flow depth. Curved cross-
sets form where There is a large amount of sediment in suspens-
ion or if the height of the lee slope is small compared with
the ftotal flow depth (Blatt et al, 1972). The absence of ap~
preciable silt and clay size terrigenous material in crozs-
gstratified sandstones in the study srea suggesis that the
height of the lee slope relative fo the totzal flow depth was
responsible for curved cross-sets,.

Trough crogs~sets were only found in Bogle Dome, unit 32.
These sets are apparently 1 o 2 feet thick and about 2 feet
by # feet in plan view. Cross-stratification iz apparently
gomewhat symmetrical, but it is difficult to be ceritazin. The
crogs-gets consist entirely of doubly~rlunging troughs, which
probably represent the fillings of canoe-shaped depressions
(Dott, 1973). The long axes of these troughs are oriented
essentially east-west, However, the underlying planar crosge

sets dip toward the southesouthwest, as do the planar
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crogs-sets in the vpper Glorieta tongue at Walker Ranch
(unit 20), Canning Ranch, Fort Stanton, and Sunset (figure
19). Conseguently, the short axes of these troughs appear to
be in the paleoccurrent direction unlike most trough axes
studied heretofore. ‘

Even.Planar Stratification

Bven, planar stratification is comparatively rare in the
study arvea, except for its cccurrence in the lower part of
the Bogle Dome section, suggesting the absence of upper flow
regime conditions during the deposition of most of the Glor-
ieta Sandstone, Strata rangs in thickness from lamination
(¢% inch} %o thick bedding (1% to 5 feet).

Massive

Mzssive unite are characterized by the apparent lack of
sedimentary siruciures. Hamblints (1962) work suggests that
sedimentary structures probably are present, although invis-
ible. Two types of massive units are recognized: 1) silty

vnits with the comparatively poorer sorting associated with

wavy bedded units, and 2) clean sandstones with the better
sorting associated with cross-stratified and even, planar
gstratified units, The better sorted units lack any evidence
of burrowing, whereas the comparastively poorer sorted units are
locally motitled, although no distinet burrows were found.

Soft Sediment Deformation

Evidence of soft sediment deformation (Potter and

Pettijohn, 1963) is very unusual in the Glorieta Sandstone
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and only has been noted in the lower Glorieta tongue at Sun-
set. Soft sediment deformaﬁion is suggested Dy the confine-
ment of deformation to a single bed between undeformed beds,
Locally, unit 6 is twice as thick as usual (about & inches)
along the outerop, whereas unit 7 (about 2 feet thick) is tilted
at about 35 degrees., Units 5 and & (1 and 3 feet thick res-
pectively) are apparently unaffected by this deformation. The
instantaneous compaction of ioosely packed sand or flowage of
sand while liguefied (“quick") are the most probable mechan-
ieme of deformation. The "ghock" that initiated deformation
was apparently of a very local character and may possibly have
bezen related to rapid sediment influx increasigg overburden
pressure past a thr%%cld value reguired for deformation,
PALEOCURRENT ANALYSIS

Crosg-giratification orientations were measured in all
sections except Fox Cave and Hondo (figure 1¢9). No cther sedi-
mentary structures revealing paleccurrent information were
noted in the study arez, However, the general increase in
compositional maturity southward in the study area is compate
ible with the paleocurrent directions inferred from cross-=bed
orientations.

A general southward transport direction is recorded for
the currents that deposited the upper Glorieta tongue (figure
19 and 23), The five cross-gtratified units at Walker Ranch
all indicate a general wesi-southwest transport direction
(figure 19). Paleocurrent directions, statistics, and correct-

ions for structural tilt were calculated by computer using a
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program developed by Doe (1973). The statistics were deter-
mined by the vector summation technigue (Curray, 1956),
PROVIENANCE AND DISPERSAL OF THE SAND

Inferred Glorieta paleocurrent directions clearly suggest
that the terrigenous sand was supplied from the north-northeast.
Both the Ancestral Rockies of Colorado (figure 2} and cratonic
areas farther to the north and northeast are possible sources.
The cxtreme texturzl and compositional maturity of the Glorieta
suggests a pre-existing sandstone source (Pettijohn gt al, 1972).
The Ancestral Rockies were stripped 1o crystalline Precambrian
bagement long before Glorieta time (McKee et 2l, 1967) and
Todd (1964%) has calculated that the Ancestral Rockies were noi
extensive enough ‘to have supplied all +the sand present in the
TLate Paleozoic blanket sandstoneé of which the Glerieta forms
a southern feather~edge., These considerations sitrongly suggest
that the Ancestral Rockies probably did not supply any more
than a tiny fraction of the Glorieta sands., However, the larger
sub=rounded quartz grains present in most Glorieta Sandstone
sanples may have come from this gource. The primary sources
of terrigenous sand were probably(Lﬁﬁer Paleozolc sandstones
in oratonic areas to The north of the gtudy area. The lack of
Permian terrigenous clay deposits in the southwest of the United
States suggests a source area poor in clays, such as the Lower
Paleogoic of the central craton (Doe, 1973).

Angular fragments of quaritzite and gheiss from the higher
parts of the ancestral Pedernal Mountains, which were probably

above sea level, ocour locally in the Glorieta Sandstone north
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of the study area (Kelley, 1972). However, none were found in.
the vicinity of the Precambrian knob about 5 miles north of
Corona (figure 1), The knob is a granitic gneiss with abund-
ant microciine and some orthoclase and scdic feldspar. Such
emergent knobs prObdoUr contributed feldspars to the Glorieta,
but it is remarkable how little detritus seems H¢ have been
supplied by the Corona knob,

DEPCSITIONAL PROCEESS FACIES

The use of bed forms and bed-form internal structures
(figure 20) to interpret flow regimes is based on recent work
with flumes and streams (Simons et sl, 1965; Harms and Fahnestock,
1965), The flow regime concept is a valuable way to define
rrocess facies because it empha?izeg the fact that assemblages
of bed forms are controlled not by a single hydraulic variable;
such 28 depth or slope, but by a complex of variables (Blatt
et al, 1972). This study uses the flow regime concept with
the recognition that at least two distinct environments may have
been respoensible for deposition, namely the offshore marine
and *shoreline" envivonments.

Plates IX and X illusirate the vertical and lateral dis-
tribution of depositional process facies on the basis of flow
regime as recognized bys 1) bed-forms and bed-form internal
structures present or inferred present, and 2) comparative
sorting in apparently massive units (figure 20). There is a
good correlation between the degree of comparative sorting and
the associated sedimentary structures, where the latler are

visible. Comparatively poorer sorting is associated with wavy
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bedding, whecreas better sorting ié aasociated with eross-
stratification and even, planar stratification,
ENVIRONMENTAIL INTERPRETATION

Interpretation of the environments of deposition of +the
Glorietz Sandstone using sedimentary structures, grain sige
distrivution, and surface textures of individual sand grains
has yielded mixed results,

The following aspects of internal cross-stratification
in the Glorieta Sandstone are similar to those reported from
both modern subaerial dunes (VMcKee, 1967; McBride and Hayes,
1962} and the non=barred high energy nearshore subagneous
envirorment (Clifton et al, 1971). Higher-angle cross-sets
are not infrequently truncated by low-angle cross-stratification
or even, planar stratification in the study erea, In unit 3
at Walker Ranch., high-angle, large scale sets pass laterally
into very low-~angle eross—lamination and even, piarar lamin-
ation. Some Glorieta rock units are dominated by high-angle
cross-gstratification, which is characteristic of at least some
coastal dunes (MeBride and Hayes, 1962), However, the almost
completellack of information on the internal struciures of
offshore subagueous dunes precludes choosing beitween nearshore
orgsolian environments of deposition without other evidence.
Howevey, the long, low angle cross~stratification in Walker
Ranch, units 3 (figure 18A) and 20, and in Bluewater, unit
16 (figure 18) suggests possible beach foreshore deposition

(Clifton, 1969).
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Inferred ripple marked units, that is wavy bedded units,
do not apparently represent tidally-influenced sand deposits
because fine material is not segregated into recognizable
flaser bedding patierns (Reineck and Wunderlich, 1968},

Various methods have been proposed to infer physical
processes or enviromments of deposition from parameters based
on grain size distribution: 1) Passega (1957) plotted median
agalinst coarsest one percentile values of a number of samples,
2) Visher (1969) recognized sub-populations within individual
log-normal grain size distributions; and 3) Friedman (1961,
1962, 1967) plotted various combinations of statistical parw
ameters against each other. Tab;e L lists the environmental
inferences made for the eleven samples of table 1 using thege
methods. The results of the grain size analyses are conflict-
ing and ambiguous. There is very little i{ any correlation
between different types of sedimentary structures and the
processes or enviromments inferred by the above methods. Grain
size analysis appears to héve. at best, only a very limited
utility in the environmental interpretation of such pure
quartz sandstones as the Glorieta Sandstone.

Various combinations of detailed surface textures, as
revealed by scanning electron microscope (SEM), are believed
characteristic of sand grains deposited in different Holocene
environments (Krinsley and Doornkamp. 1973). Grain mounts
from four samples representing three cross-stratified and one
wavy bedded unit were examined on the SEM. Ten to fifteen

graing per grain mount were ‘closely examined., All original
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grain surfaces were covered with thick diagenetic quartz over-
growths, The common occurrence of such overgrowths and other
diagenetic effects in ancient sandstones suggests that this
method has at best only a very limited utility in the environ~
mental interpretation of ancisnt sandstones iike the Glorieta.

A% least some of the Glorieta Sandstone is probably of
shallow marine origin because of the presence of local shallow
marine type burrows and interbedded shallow marine carbonates,
However, the stﬁdy of modern continental shelves suggests that
nigration of a strand line seems more likely as a mechanism
for spreading an extensive, Tthin marine sand sheet than does
gimultaneous depesition zeroess an entire area, Yet distinct
ancient shoreline sand bodies are seldom recognized {Pettijohn
et al, 1972). The possible foreshore beach deposit at Walker
Ranch, unit 20 iéfﬁbou% the same stratigrapﬁic horizon as
supratidal carbonate depositional facies along depositional
strike at Carnning Ranch, Bluewater, and Sunset, suggesting
that this is a reasonable environmental interpretation. Crcss-
stratified sandstones are also present at about the same
horigzon as supratidal and intertidal facies in the lower
carbonate tongue at Canning Ranch, Fort Stanton, Hondo, Sunset,
and Bluewater, suggesting that at least Walker Ranch units
5, 14, 15, and 16 may also represent shoreline’ deposition.
The “shereline® environment in this report includes the coastal
dune to nearshore environments because, &g already discussed,
criteria for differentiation of these individual envirornments

are most commonly ambiguous and conflicting for clean quartsz
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sandstones. It seems likely that most or all of +the lower
flow regime wavy bedded units were deposited in comparatively
lower energy shallow lagoonal environments, whereas at least
some of the crossestratified and even, planar stratified

rock units were deposited in the shoreline envircrnment.
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PALEOGEQGRAPHIC IMPLICATIONS FOR EARLY SAN ANDRES TIME
IN CENTRAL NEW MEXICO
"TRANSGRESSIVE-REGRESSIVE" CYCLES

Introduction

Shaw (1964) proposed that rock units were fundamentally
diachronous because they were the direct result of the mig-
ration of sedimentary facies in time in response o evstatic
sea level fluctuations., Hence, vertical changes of carbonate
depositional facies in ancient rocks might be the result of
changes in sea level during depositlon. However, many vertical
changes in carbonate facles do not require sea level fluctu-
ations for explanation. Thus, it is frequently difficult,; on
a detailed scale, to determine the cause of vertical sediment-
ary facies changes. Yet the terms used %o describe sequences
of such changes offen have genetic connotations {e.g, trans-
gressive and regressive)., Consequently. the terms used in this
study are defined below to avoid misundersianding.

“Traﬁgggesgizg" or *“deepening upwards" refers to an upward
change in sedimentary faclies that is consistent with, but not
necessarily caused by, a migration of facies in response to a

relative sea level rise. 4 major marine or eustatic trang~

gression refers to an apparent absolute sea level rise that
resulted in normal marine conditions over most or all of the

study area. A minor transgression refers to an apparent

relative sea level rise that resulted in less restrictive
depositional environmentg in the study area, except for normal

marine environments, which were only locally present when not
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absant. “Regressive" or “shesling upwards® refers to an up-

ward change in sedimentary facies that is consistent with, but
not necessarily caused by, a migration of facies in resnonse

to a relative sea level drop. “Marine® or “eugtatic regression"

indicates that an absolute sea level drop was apparently res-
pongible for the deposition of a *shoaling upwards® sequence.

“Sedimentary regression® indicaies that an effectively conw

gtant sea level wag coupled with a rate of carbonate accumulat~
ion that wag faster than the rate of local subsidence.  The
term "sedimentary regression® includes the progradation of
tidal flat environments.

Both “trancgressive" and "regressive" rock sequences may
be explained by other than absslute sea level fluctuations,
A relatively high rate of regional subsidence coupled with a
relatively low rate of carbonate accumulation may explain some
aerially extensive "itransgressive® rock sequences, whereas
storm plercement of an undaform-edge barrier may explain more
local "transé%ssive" changes. “Sedimentary regression" may
explain many “regressive" rock segquences, However, eusitatic
sea level shifts are frequently inveoked to exPlaiﬁ large
scale vertical facies changes in Permian deposits in the
southwestern United States {(e.g. Wanless, 1972; Meissner,
1972). Glaciation, global tectonice and storage of water
in lakes are some of the possible mechanisms. Alternating
glacial and interglacial periods in Gondwanaland are often
suggested as the most likely cause because they can account for

the repeated sea level fluctuations inferred for Early and
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Middle Permian time., However, a change in the size of ocean
basins due to shifting crustal'plates could account for some
shifts. 4 less likely possibility is the temporary storage of
large volumes of water in fresh-water lakes (Wanless, 1972).
Only several of the "transgressive-regressive” cycles discussed
in the next section can be confidently at{ributed 1o absolute
sea level fluctuations,

Cyeles in the Upper Yesgo and Lower San dAndres Formations

The upper Yeso and lower San Andres Formations of this
study appear to have been deposited in seventeen "transgressivg-
regressive® cycles., In geneyal, fhe "regressive” porfions of
these cycles tend to be prolonged, resulting in thick deposits
and indicating a gradual "marine” and/or “sedimentary regrege
sion," whereas the “itransgressive" portions tend to he "rapid,”
pesulting in thin deposits and in an abrupt change from more
galine to less saline~water deposits, similay to those discussed
by Irwin (1965). These abrupt changes or "kicks” have been
used to recognize correlative points to establish approximate
time equivalents on Plateg IX and {. For example, the lower
boundary of "transgression-regressive” cycle 7 was placed at
the bagse of the first normal marine rock unit present in most
of the measured sections on Plates IX and X. A relatively
thick line was used for this boundary to indicate that this
cycle beging with a major marine transgression. The lower
boundary of cycle 8 was positioned on the basis of the three-
measured sections that contain an adbrupt change from relatively

restricted to relatively unrestricted depositional environments.
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The cyecle's lewer boundary is marked by a relatively thin
line, which indicates a minor transgression and which is dashed
where it passes through measured sections with no evidence of
transgressive deposits at the approximate horizon.

Three major transgressive "kicks" (begimning cycles 7, 13,
and 15) in the lower San Andres Formation are traceable over
most or all of the study area, These “kicks" ave attributed
to major marine or eustatic transgressions. Thirteen minor
transgressive "kicks® (begimming cycles 2,3,%4,5,6,8,9,10,11,
12,14,16, and 17) are *traceable over some to all of the siudy
area. No convincing way was found to differentiate between
individual "kicks" pradominataly caused by a rise in absolute
sea level and those predominately caused by a rate of subsid-
ence greater than the rate of sediment accumulat}on, The
influx of Yerrigenous sand to depositional centers is commonly
asgsociated in the geoclogic literature with low sea level stands
resulting from eustatic sea level fluctuatlions, Cycles 5, 9,
and 10, which begin with the influx of terrigenous sand south
of Walker Ranch, thus may reflect abzolute sea level fluctu-
ations, The deposits of cycle 1 were noted only at Walker
Ranch, where the transgressive portion of the cycle was not
exposed. Hence, very little may be inferred about the origin
of cyecle 1.

The Glorieta Sandstone Member at Walker Ranch consists of
five cyclic repetitions of strata, each inveolving lower flow
regime deposits, These consist of upper-lower flow regime

deposits, which are interpreted to represent transgressive
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phases, that cap lowerulowerhreglme deposits, which are inter-

preted to represent regressive phases., These interpretations
permit a good correlation between transgressive "kicks" inferred
in the sandstone at the boundary between -these two different
types of flow regime deposits and those "kicks® noted in the
carbonate member (Plate IX).

No general method was found in this study to distinguish
between regressive rock seguences deposited by marine or
eustatic regression and those deposited by sedimentary regres-
sion, However, the "shoaling upwards” sequence in the middle
carbonate tongue at Canning Ranch is suggestive of narine {or
eustatic}regression. There, normal marine rock units pass up
into intertidal rock units in g vertical distance of about one
foot. Assuming that sedimentary regregsion was responsible
would imply that about a2 foot depﬁﬁ of water at low tide was
sufficlent for well developed normsl marine conditions to
exist. However, it is‘unlikely that the varied and abundant
normal marine bicta present in the normal marine facies (figure
12B) could have survived and prospered in such shallow depths
for the following reasons. A one foot depth suggests that only
minimal cireculation, if any, was possible. And tropical storms,
which would have occurred frequently on a geological time
scale, would most likely have uncovered such shallow sediments
periodically.

Figure 21 illustrates a well-developed "shoaling upwards"

seguence present in the Hondo section,
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Sisnificance of "Transeregaive-Regressive” Cycles

The seventeen “transgressive~regressive™ cycles of this
report, whieh follow naturally from the detailed carbonate
sedimentology of this study, provide a valuable method of
detailed correlation within the lower ZSan Andres Fermation,
The methed is independent of the continuity of individusl
carbonate depositional faclies or the presence of terrigenous
sand. Hence, it has great applicability both in and adjacent
to the study area. These cycles lend themgelves 1o correlation
with similar cycles in the lower San Andres in outcrop and in
the subsurface outside of the study area. Hence, the cycles
permit the vrediction of carbonate depositional facies where
no other information is svailable. These cyclesg also offer a
method of correlating the carbonate member of the San Andres
Formation into the Glorieta Sandstone Wemher, a correlatbtion
which has apparently never Leen succesefully maﬁe in the pube

lished literziture.
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PEDERNAL POSITIVE ELEZMENT

The study area occﬁrs on the Pedernal positive element
(Figure 22), The Pedernal seems t0 have been the most active
teectonic elemen® in central New Mexico at leasst in Middle and
Late Permsylvanian,and Early Permian time (Dixon, 1967). Con-
tiruation of the vise of the Pedernal during Wolfcamplan time
resulted in denudation well into the Precambrian basement
(Kelley, 1971) and deposition of the conglomerates of the
Laboreita and Avo Formations of Otero County (Pray, 196l; Utte,
1959), The regional tendency during the Early Permian,
especially during Wolfcampian time, was o eliminate'much of
the relief of the Late Pennsylvanian/Early Permian basins: the
Orogrande, Delaware, and Midland basing and the Central basin
platform (figure 2).

The structure of the Pedernal positive element is not
well known, but 1t appears to have been a broad upwarp in some
places and fault-bounded blocks in others (Kelley, 1971). The
first-order broad surfsce of the Pedernal was highly irregular
with second order knobs of differing elevations. One such
Precambrian knob is now exposed just north (T.1N., R.13E,) and
another just south (Pajarito Mountain, T7.123.. R.15E. and
R.16E,) of the study area (Kelley, 1971, 1972). The outcrop
of these two knobs is about 1 to 2 miles in diameter, These
knobs appear to have been islands at least several hundred feet
high in Middle Permian seas, which became covered with sedi~
ments as regional subsidence and depogition continued through

Permian time., Regionally (Kelley, 1971, 1972) arkosic sandstone
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and conglomerate are present in the basal parts of the Yeso
Formation and Glorieta Sandstone where these units lap onto
or are in proximity to Precambrian exposures.

Kelley (1971) found evidence in the Capitan—-Ruidoso area
of Lincoln County (figure 1) of repeated activity of the Ped-
ernal positive element from Permian well inte Tertiasry tiwme,.
Even though deposition covered most of the Pedernal positive

element during Glorieta and San Andres time, 1t appears to
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have acted as a buried, yvet relatively positive feature, Hock
{1970) found that the Yeso Formation wedges out, whereas the
San Andres Formation, including the Glorieta Sandstone Member,
thins dragtieally as 143y onlaps the Pedernal in the area
around northeastern Torrance County, north of the study area of
this report. Kotitlowski (1963) invoked a relatively positive
Pedernal element as one possible way o explain the complex
problem of the age of the San Andres. He suggested that the
entire Permian section may chanhge facles going from west To
east across the Pedernal, A buried, yet relatively positive
Pedernal element is also used in this study to explain the dis-
tribution of lower San Andres lithologies in and adjacent to
Tincoln County. Included are bedded evaporites and carbonates
west of the study area, carbonates and sandstones in the study
area, and carbonates east of the study ares (figure 5).
DETATLED PALEOGEOGRAPHY

Introduction

Most of New Mexico dvring Middle Permian time, iﬁcluding
Lincoln County and adjacent areas, is considered to have been
a paleogeographic shelf province (Meissner, 1972). 4nalysis
of the carbonates and sandstones in the gtudy area on the basis
of recent depositional models, and +the principles of carbonate
gedimentology and physical sedimentétion suggest that the
Permian shelf in central New Mexico may be subdivided into
"deeper” and "shallower" parts, that is below and above wave
base.,

Rich (195%1) coined the terms undaform, clinoform, and
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fondoform, which are analogous to the general terms of shelf,
slope, and basin, except that they are independent of scale.
The root unda refers to the relatively horizontal part of the
sea floor within the depth of effective wave action, and glino
te the more steeply sloping part of the sea floor that extends
down to the more level deeper part below wave base, the fondo.
These terms are very useful for subdividing a recognized shelf
province free of any basinal character.

Several independent lines of evidence lead %o the hypoth=-
esis thaet most of the lower San Andres Formation in the study
area was deposited on an undaform, which was west of an
undaform-edge bharrier environment that trended generally north-
south in eastern Lincoln and western Chaves County {(figure 23).
These include: 1) the nature and distriﬁution of carbonate
rock types angd recognized depositional facies, 2) the trend of
the eastern edge of the Pedernal positive element and thickness
trends in the lower, middle, and upper Glofieta tongues, and
3) paleocurrent anslysis of the upper Glorieta tongue. The
entire study areas was presumably below wave base during high
gea level stands and hence, in the fondo environment., Measured
sectiong in the northern, southern, and western sides of the
study area are not sedimentologically distinctive enough to
permit any but the most general paleogeographic extrapolation
outside the study area, This extrapolation is included in the

later section that proposes models for lower San Andreg depos=-

1tion.
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Nature and Distribution of Carbonate Rocks and Facles

The formation of sphercidsl, well rounded carbonate oolites,
such as are present in the Canning Ranch énd Bluewater sections
of this study, requires water supersaturated with calcium carbon-
ate and an enviromment with strong and consistent agitation.
Modern large~scale colite formation is known only from very

shallow, warm-water environments in which tidal currents keep
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the grains in nearly constant agitation (Heckel, 1972),
Oolitic sediments are found in the more shoreward extent of
the agitated zone in which effective wave base intersects the
bottom surface in the southern Persian Gulf, in the Great
Salt Lake of Utah, and on the margins of the Bahamas Platform.
This locstion is explainable on theoretical grounds (Irwin,
1965), and colitic rock units in most ancient carbonate
sequences should represent deposition in similar gnvironments.
Low-energy carbonate depogition commonly proceeds on both
sides of this agitated oolite-forming zone; on the low (fondo)
side baecause sediments are below wave base and on the high (unda)
side because the kinetie energy of waves and currents are
dampe§%ih the agitated zone (Heckel, 1972). Oolitic sand
bodieg generally form discontinuous to continuous trends
roughly parallel to the high-energy zone, whose position is
determined by the position of the undaform~edge, that is. the
break in slope (Ball, 1967).

Mud~supported carbonate fabrics indicative of lowegnergy
. depogition characterize about 95% of the lower San Andres
Pormation in the study area. OFf the remaining 5%, oolitic,
grain~supported fabrics indicative of high-energy deposition
are only found in the easternmost sections in the study area,
where they form 20% of the Bluewater and Canning Ranch sections,
are common about 5 miles southeast of Bluewater, and are abund-~
ant in tThe upper Yeso Formation at Sunget., They are reported
from the upper carbonate tongue at Sunset by Kelley (1971),

although such were not found by the author. Emergent tidal
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flat carbonate facies present in all sections except Fox Cave
and Walker Ranch suggest that the study afea would have to be
on the high (unda) rather than the low (fondo) side of the
clinoform. The presence of abundant mud~supported rock units
interbedded with the oolitic units and the association‘qf‘
decreased water restriction and more open marine conditions at
most measured sesctions (Plates IX and ¥) with the appearance
of oolitic rock units at Bluewater and Canning Ranch may
reasonably be interpreted as follows: 1) mud-supporied
sediments were deposited at Bluewater and Canning Ranch, while
grain-gupported sediments were deposited along an undaforme-
edge east of the study area during much of lower San Andres
time, and 2) the undaform-edge environment migrated wegtward
to deposit colitic sediments at Bluewater and Cannihg Ranch
during relatively limited periods of lower San Andres time
in response to relative rises in sea level that were not large
enough to place the entire study area below wave basé in the
fondo environment.

Extrapolation northwestward of the linear trend of sections
with oolites (Bluewater and Camning Ranch) would mean that the
Bogle Dome and Walker Ranch sections were deposited on the
low (fondo) side of the undaform-edge. However, the correl-
ation of carbonate depositional facies (Plate IX) suggests that
Bogle Dome and Walker Ranch were depogited on tThe undaform,
Hence, we may deduce that if an undaform-edge trend continues
northward, then it would have o swing to the northeast from

Canning Ranch forming an embayment. Figure 23 illustrates the
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undaform~-edge trend inferred from the distribution of the care
bonate depositional facies of this study.

Bastern Bdge of the Pedernsl FPositive Element

Introduction

The trend of the eastern edge of the Pedernal pogitive
element (figure 22: after Hills, 1967) and the thickness trends
of the lower, middle, and upper Glorieta tongues may be inde~
pendent evidences for the existence of an undaform-edge, How-
ever, they are grouped together in this section because Hills
(1967) does not indicate whether the trend and position of
the eastern edge of the Pedernal is based on isopach data, in
which case these evidences would not be independent.
Trend of the Eastern Edge of the Pedernal Positive Element

Figure 22 illustrates the trend of the eastern side of
the Pedernal positive element during Farly Permian time with
respect to the position of Lincoln County and the measured
sections of this study. This trend is subparallel to the
trend of the undaform edge predicted from the distribution of
carbonate depositional facies (figure 23). The parallelism
of trends may be explained by the Pedernal having acted as a
buried, yet relatively positive feature. Thus, the seas over
the Pedernal high wounld have been shallower than to the east
and west. During lower sea level stands, the sediment-water
interface would likely be above wave base over mosgt of the
Pedernal and below wave base to the east and the west, This
would result in an colitic undaform-edge trend such as the ome

inferred to be present east of the study area.
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Thickness Trends in the Three Gloriéta Tongues

An isopach map (figure 24) illustrates the general thick-
ening of the upper Glorieta Ttongue west toleast across The study
area, The lower and middle Glorieta tongues thicken similarly
across the study area (figure 8)., However, only a relatively
very thin basal sandstone is present in the lower 1,000 feet
of the San Andres Pormation in the subsurface approximately 24
miles due east of Bluewgﬁer (Amerada STL~SR%A": Meissner, 1972).
It is very difficult to devise a model that accounts for the
sendstone thickening and yet is compatible with the other
observations made during this study without invoking an undaform-

edge environment east of the gtudy area.
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Paleccurrent Ansiysiz of ‘the Upper Glorieta Tongue
Anzlysis indicates that the paleocurrent directions infer-
red for the upper Glorieta tongue are 5ub~barallel to the
undaform-edge trend inferred from the study of carbonate depos~
itional facies (Ffigure 23). This suggests that sither the cur-
rents responsible for guartz sand transport and deposition were

controlied by the trend of the undaform-adge or vice versa,
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DEPOSITIONAL MODEL FOR LOWER SAN ANDRES TIME

INTRODUCTION

Major objectives of this study are the examination of the
facies mosalic of the lower San Andres Formation and 1ts environ=
mental interpretation. The depositional models proposed in
this veport ave compatible with the observations made in the
study area and with reasonable inferences based upon these
observations, These models are also compatible with the gross
lithologies of the lower San Andres Formation in western Lincoln
and eastern Socorro Counties (after Harbour, 1970) and in
weatern Chaves County (Meissner, 1972). However, it is recog-
nized that subsequent detalled surface and subsurface situdy
of the lower San Andres may provide prospectives that will
invalidate aspects of these models,
CARBONATE DZPOSTTIONAL MODEL

Introduction

The cross-gection of figure 25 illustrates both the ideal-
ized model of carbomate deposition of Wilscn (1970) and the
interpreted depositional model for lower San Andres Formation
deposition in southern Lincoln County, that is south of Walker
Ranch., Terrigenous sand éeposition was predominant in the
vieinity of Walker Ranch and north of it and is discussed
geparately in the next section. The interpreted carbonate
model applies to erosition in an cecast~west direction through
Lincoln County andiggjacent areas., The applicability of this

model south of the study area is unknown.
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Carbonate sediments and terrigenous sand were apvarently
deposited in response Yo relative sea level fluctuations. Hence,
deposition of the lower San Andres Formation is discussed below
in terms of low, high, and intermediate sea level stands.

Tow Sea Level Stands

Low sea level stands in early San Andres seas occurred as
the result of sea level drops (marine or eustatic regression)
or the accumulation of carbonate sediments towards *fill level"
(sedimentery regression). The undaform~edge barriers inferred
to ba present 1o the east inhibited water circulaticon in the
gtudy area, resuliting in restricted, low-energy environments,
There was sufficlent circulation to prevent the precipitation
of bedded evaporites in the situdy area, suggesting that the
undaform~edge btarriers may have been somewhat discontinuous
and/or that "freshening" waters from the north, west, and/or
south vregularly entered the study area., However, water levels
were temporarily low enough to create sufficlent restriction

emergent, . . .
to form somgAtldal flat and possibly even subagueovs diagenetic
evaporite nodules and crystalg. HMost of the "regressive" port-
iong of +the seventeen “transgressive-regressive® cycles of this
study were deposiited during such low sea level stands,

The influx of terrigenous sand south of Walker Ranch to
form the lower, middle, and upper Glorieta tongues is treated
at length in the next section,; however it appears to be related
to low sea level stands in the study area. This relationship

has also been noted in other Permian formations in the southe

west of the United States (Ball et 2l, 1971s Meissner, 1972).
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Undaform~edge carbonate units tens of feet thick are
postulated to have been deposited in present day eastern
Lincoln and western Chaves County during low sea level stands.
Normal marine conditions are inferred to have been present on
the low (fondo) side of the undaform-edge barriers, where water
eireulation should have been good at least in the vieinity of
the undaform~edge., The “abrupt" appearance of normal merine
fauna in the study ares following major transgression is com-
patible with the inferred presence of normal marine condiftions
in the fondo environment east of the undaform-edge. And the
absence of evaporites in The lower 1,000 feet of the San Andres
Formation in western Chaves County (Amerada ST 1-SR "A“, figure
1) vroves that circulation waz sufficient to prevent the precipit~
ation of stratifisd evaporites in the fondo environment.

The lower San Andres Formatioﬁ in western Lincoln, eastern
Socorro, and northern Otero Counties is characterized by the
presence of stratified evaporites tens of feet thick (e.g.
Rinconada Canyon section of Harbour, 1970; figure 5 of this
report). Such stratified evaporites are believed to form either
by the sedimentation of evaporite minerals in restricted subtidal
environments or diagenetically underneath evaporitic tidal flats
(e.g. coastal sabkhas; Lucia, 1972). These lower San Andres
evaporites occur directly west of the Pedernal positive element
and hence are interpreted to have formed in a fondo environment
there because of the evidence presented earlier that the Pedernal

acted as a buried, yet relatively positive feature. This con-
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¢lusion is consigtent with the interpretation of a fondo environ-
ment east of the Pedernal and with the following observation.
Deposition at Fox Cave, the most westward section in the study
area, appears to have been deeper and lesgs emergent than in
the other sections. because Fox Cave is the only section, except
for Walker Ranch, to lack any evidence of supratidal or inter-
tidal cerbonate deposition. This observation suggests at
least an initial deepening of the lower San Andres seas westward
acrogs Lincoln County. However, a sabkha origin for these evap-
orites can not be completely discounted on the available evid~
ence. Consequently, beth possivle origins are iqdicated in
figure 25hb,

High Ses Level Stands

After major marine transgressions, central Lincoln County
wag covered by encugh water for normal marins conditions to
predominate in The study area. The thin transgressive portions
of "transgressive-regressive" cycles 7, 13, and 15 were deposited
during these high sea level stands. Bathymetrically higher
areas were the first to shoal as the result of subsequent marine
(eugtatic) or sedimentary regression. The undaform-edge barriers
postulated present in eastern Lincoln and western Chaves Count~
ies during low sea level stands may have been drowned by these
major transgressions, resulting in both the former undaform and
Fondoform being below wave base, The carbonates interbedded
with the stratified evaporites in western Lincoln and eastern
Socorro Counties may have been deposited during this time as a

regult of the dilution of hypersaline brines by the itransgression,
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Intermediate Sea Level Stands

In central Lincoln County, following minor fransgresgsions
that lead to intermediate sea level stands, it appears that
water cireulation was sufficient Lo "freshen" resiricted envirs
onments, but not enough for normal marine conditions to be any-
thing but leocal. The transgressive portions oéjhtransgressiVen
regressive” cycles, except L, 7, 13, and 15, were probably
deposited during intermediate sea level stands., The oolitic
rock unite at Bluewater and Canning Ranch may be reasonably
interpreted to have formed by the migration westward of the
undaforn-edge environment, which was present to the aast during
low sez level stands, in response to comparatively mincr rel-
ative rises in sea level, ’

In western Lincoln and eastern Socorro Counties, the hyper-
saline brines Formed during low =sea level stands may have heen
diluted by these comparaiively minor rises in relative sesa
level, resulting in either carbonate or evaporite deposits
depending upon the amount of relative sea level rise and local
conditions. However, no evidence is available to support this
hypothesis or to rule out the possibility that relative sea
level fluctuations in western or southern New Mexico were

responsible for the evaporite and carbonate deposits present

in western Lincoln and eastern Socorro Counties,
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SANDSTONE DEPOSITIONAL MODEL

Regional Adsvects of Glorieta Sandstone Denositien

A depositional model to explain the genesis of the Glorieta
Sandstone in the study area must be compatible with the aerial
distribution, cross-bed orientations, possible chorelines,
paleowind directions, and other avallable data on the Glorieta
sandstone outsidelthe study area. Figure 26 illusirates much
of what is known of the Glorieta Sandstone in New Mexico. The
southern limit of the Glorieta Sandstone in central New Mexico
is placed at the approximate location at which the Glorieta
bezing to tongue southward as the lower San Andres Formation
becomes dominantly carbonate (e,g; between the Walker Ranch and
Bogle Dome sections in the study area). The Glorieta Sandstone;
excluding its tongues, has a major east-west component and a
major northeast-southwest component (Meissner, 1972). The
northeast~southwest component includes the Glorieta Sandstone
in +the northern 1/3 of Lincoln County. This component extended
gouthward Yo form the lower, middle, and upper Glorieta tongues
of this gtudy during periods of increased terrigenous sand
influx,

Tanner (1963) postulated a northeast-zsouthwest~trending
Permian shoreline in northern New lMexico {(figure 26) on the
basis of the many assumed shoreline characteristics present:
ripple marks, cross-bedding, bars and channels, fossils, beach
rock, facies changes, gypsum, supposed halite prints, mud

cracks, trails, pebble sizes, and rock thicknesses, Tanner
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does not consider the possible migration of this shoreline in
time in response to relative sea level Ffluctuations, However,
such nigrations were probably not infrequent on a geological
time scale, He interpreted the Glorieta Sandstons southeast
of this shoreline (but north of the area of this study) to be
an offshore sand. The Glorileta Sandstone studied by Tanner
has many cross-beds, mostraf which are oriented dominantly to
the southwest.

The paleowind direction during Permisn time was probadbly
from the northeast (figure 26). This direction is inferred on
the basis of the position of the egquator during Permian time
as inferred from paleomagnetic data (after Runcorn and Opdyke,
1960, in Meissner, 1972) and idezlized wind circulation paths
on an earth without major lsnd-masses {Leet and Judson, 1971).
The infervred paleowind direction is subeparazllel To the northeast-
gouthwest component of the Glorieta Sandstone and to the Perme
ian shoreline of Tamner (1963). And it is oriented in the infer-
red mean paleccurrent direction of the Glorieta Sandstone as
determined from cross-bhed orieniations in The area of this
study and north of the study area (figure 24). These velation-
shipg suggest that paleowinds were the dominant means of trans-
porting terrigenous sand into northern and central HNew Mexico,
However, 1little evidence of acolisn deposition was noted in the
Glorieta Sandstone in the study area or has been reporied in
the published literature.

Fewer coriteria are available in the CGlorieta Sandstone than

in the associated carbonate member of the San Androg Formation
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for detailed environmental interpretation, Indeed, the dir-
ectly associated carbonate rocks provide the most powerful
tools for inferring the enviromments of deposition of the
Glorieta terrigenous sands. The following discussion of
Glorieta genesis is, therefore, necessarily hypothetical, It
represents the authorts atitempt To provide the most comprehen-
give explanation of all evidence from carbonate as well as
terrigenoug roeck units,

Marine Origin of the Glorieta Sandsione

Terrigenous sand influx iz popularly related to low sea
level stands (Ball et al, 1971), and Silver and Todd (1969}
have postulated an aeolian dune origin for many of the Permian
sandstones of southeastern New Mexico. Wind-Griven processes,
for the reasons enumersted in the preceeding section, must have
been important in transporbing the terrigenous sand of the
Glorieta Sandstone into northern and central New Mexice., How-
ever, at least much of the Glorieta in the study area appears
to have been deposited and/or reworked by marine processes for
several reasong, These include the presence of: 1) shallow
marine burrows in the upper Glorieta tongue at Bluewater and
in the lower Glorieta tongue at Fort Stanton, 2) interbedded
marine (subtidal) carbonates, 3) cemparatively poorly sorted
wavy bedded and massive rock units, which are imcompatible
with the excellent sorting expected of asolian processes, and
L) interpreted marine channel deposits in the middle Glorieta

tongue at Sunset,
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Carbonate rock units wnderlying the lower, middle, and
upper Glorieta tongues in the study area suggest that at least
mueh of the terrigenous sand in the Glorieta Sandstone was
not originally deposited in =meolian dunes and then later
reworked by marine processes, First, sub%idai carbonate depog-
itional facies underlie the three Glorieta tongues in almost
2ll sections, and no evidence of subaerial sand scour ls
present in these subtidal facies. Secoend, a thin (2 feet), very
silty sandstons at the base of ‘the upper Glorieta tongue at
Canning Ranch directly overlies an evaporitic tidal flat
facies, which shows evidence of subaerial exposure {(shrinkage
cracks and dolomite pore~filling éement), The comparatively
poor sorting of this thin sandswone 1o chompatible‘wifh
aeolian processes, which should have winnowed out the fine
terrigenous grains, Hence, evidence gathered in this study
suggests tha% marine depogition rather than aeolian deposition
Marune.

and/or tthreworking of aeclian dunes was regponsible for the
genesis of at least much of the Glorieta tongues in the study
area. Avidence suggesting the marine origin of the Glorieta
Sandstone at Walker Ranch, where berrigenous sand deposition
was predominant during early San Andres time, is presented in
the following section.

Depositional lodel for the Glorieta Sandstone North of Bogle

s

Doine

A detailed depositional model for the Glorieta Sandstone
north of the Bogle Dome section is not possible because only

one outerop (Walker Ranch) was examined during this study.
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However, & general model is proposed, which is compatible |
with many of the characteristics of the Glorieta Sandstone both
inside and outside of the study area.

Analysis of carbonate depositional facies in the lower
San Andres Formation suggests that about sevenieen relative sea
level fluctuations spparently influenced deposition in late
Yeso and early San Andres seas, ZEvidence from trace fossils
and carbonate depositional facies in the study area suggests
that early San Andres seas were relatively shallow and that
most deposition was subtidal. The combination of inferred
relative ses level fluctuations and ghallow marine depths
dquring early San Andres time suggésts that the cyelic repet-
ition of lower-lower and upper-iower flow regime deposits in
the Glorieta at Walker Ranch are related to repeated sea level
fluctuations, This apparent control of terrigenous sand
deposition by repeated sea level fluctuations suggests that at
least much of the Glorieta at Walker Ranch was not originally
deposited as aeolian dunes. This conclusion is compatible with
the observation that almost half of the wvolume of sandstone at
Walker Ranch consists of comparatively poorly sorited wavy
bedded or massive rock units (Plate 1I). These comparatively
poorly sorted rock units are incompatible with an aeolian
origin for the following reason. The absence of almost all
evidence of burrowing and the presence of abundant sedimentary
structures sugges%iﬁasﬁwdepositional mixing of well sorted

aeolian sands and marine silts or silty sands by burrowing
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organisms could not have been an importanﬁ process in forming
the comparatively poorly sorted sandstones at Walker Ranch.
Pannerts (1963) interpretation of the Glorieta Sandstone
north of the study area as an offshore sandstone is compat-
ible with the interpretation that the Gloriets in the study
arsa ig predominately a marine sandstone which was probably
ocecasionally built up above sea level as beaches and coastal
dunes.

In summary. transporitsztion of terrigenous sand into the
study area was apparently controlled by wind~induced marine
currents and possibly gome aeolian transport of sand grains into
the marine envirorment. Deposition of the Glorieta at Walker
Ranch, except for some possible coastal dunes, appears to

have been entirely sub-littoral to littoral,
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Depositional Model for the Glorieta Sandgstone South_of Walker

Ranch
Introduction

The Glorieta Sandstone south of Walker Ranch consists
chiefly of the lower, middle, and upper Glorieta tongues of
this study. These tongues appear 1o be southern extensions
of the northeast-sowthwest component of the Glorieta Sandstone
in New Mexico (figure 26). The influx of terrigenous sand
south of Walker Ranch is closely associated with low sea level
stands in the study area. A reasonable ezplanation for this
sssociation is that source areas to the north were more expossad
Following eustatic sea level drops, resulting in wmore sand
detritus being svailable for transportation southward into the
study area. It is inferred that dispersal of this sand within
the study area was largely by marine processes, whereas aeollian
- dispersal must have been important to the norih,

The lower, middle, and upper Glorieta tongues are charact-
erized by a significant thickening eastward (figure 8) towards
the inferred undaform-edge. A model termed the "oolite barrier®
model in thig report is compatible with all of the major obserw
vrationsg made during thisz study. In this model, the influx of
terrigenous sand from the north-northeast resulted in transport
southward along the inside of pre-existing oolitic barriers,
The wind-induced current regimes interpreted to be responsible
for sand transport and for sand deposition were strongest near

the oolitic barriers, and hence sandstone thickness decreases
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wegtward. Eastward the sand bhody would be expected Tto event-
vally pinch out against the oolitic barriérs. The congistent
thickening of sandstone tongues eastward in the study area
requires that this pinching out take place east of the study
area where the strata are not exposed, fhe *"oolite barrier"
model is compatible with the building up of terrigenous gand
into topographically higher deposits, probably by wind-induced
wave and current action, The lower and upper Glorieta tongues
at Sunset and Bluewater appear 1o have acted ag topographic
highs following their deposition relative to the sections to
the west, This is suggested by the subsequent carbonate depose
its, which are generally shoaler gt Sunset and Bluewater; and
by the series of approximate time lines based on transgressive
“kicks"™ which suggest This by thelr shapes below and above the
lower and upper Slorieta tongues on Plates IX znd X, The
"oolite bajrier" model is also compatible with the following
observation. Abundant spheroidal, well rounded oolites with
guarty sand nuclei are present in the dolomitic rock unit (2
feet thick) directly above the lower Glorieta tongue at Blue=-
water, This transition from quartz sand to carbonate oolites
wmay be explained by the migration of the oolitic barriers
inferred to be present east of the study area during low sea
level stands westward in response t0 a rige in eustatic sea
level that also resulted in the drowning of terrigenous sand
gource areas., The "ocolite barrier® model is very similar to

the one proposed by Ball et al (1971) for the deposition of the




® ®
130
Shattuck Sandstone Member of the Gueen Formation in the
Guadalupe Mountains.

A model, which may be termed the “guartz sand barrier”
model, was considered as an albernate way to explain the thick-
ening of the lover, middle, and upper Gloriets tongues in the
study ares, In this model, the influx of gquartz sand from the
north~northeast is postulated to have overwhelmed oolite pro-
duction at the undaform-edge so that quartz sand barrisrs would
have replaced the oolitic ones. The model is based on the
obgervation that "moving water reacts in the same fashion to a
given topographic setting, regardless of the nature of the sediw
mentary particles upon which it acts" (Ball, 1967). Hence, once
guarts sand arrived at the undalorme~edge, 1t would be exposed

-

to the same physical processe

T

that produced oolite barriers
prior o saznd influx. The "guartz sand barrisr” model is also
able to explain many of the characteristics of the lower, middle,
and upper Glorieta tongues. However, this model 1s rejected
in this report becsuse it does not take into consideration the
effects of the pre-existing oolitic undaform-edge barriers,
which are inferrad to have controlled both carbonate and bterrigen~
ous sand deposition in early San Andres seas.
Lower Glorieta Tongue

The lower Glorieta tongue is generally characterized by
the presence of silty sandstones, which are structureless
except for local areas of wavy bedding, These features suggest
low-energy lagoonal deposition for most of the lower Glorieta

tongue., The subagueous origin of the lower Glorieta tongue is
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also indicated by the presence of shallow marine burrows atb
Fort Stanton and localized soft sediment deformation at Sunset.

The lower Clorieta tongue at Sunset and Bluewater is more
than twice as thick as to the northwest and west. At Sunset,
the lower part of the lower Glorieta tongue is typically silty
and messive, but the upper part is very well sorted and medium
gcale crosg-stratification is overlain by even, planar stratif-
ication, The zedimentary structures and sorting indicate a
consistent increase in flow regime energy during deposition.
Thig energy variaztion ls compatible with the following inter-
pretation, The lower part of the lower Glorieta tongue repre-
sents low~energy lagoonal deposition behind inherited ocolitic
harriers, whereas the upper pert may be explained as follows.,
Depositional processes characterized by comparatively higher
flow regime energies were probably dominant near the oolitic
barriers inferred te have been present to the east, whereas
conparatively lower flow regime energies were probably dominant
farther away from the barriers. A eustatic sea level fise,
which would have ended terrigenous sand influx intoe Lincoln
County south of Walker Ranch by partially drowning source
areas, might have caused the oolitic barriers of the undaforme-
edge and the asscciated higher flow regime energles near them
to migrate westward. This migration would have resulted in the
deposition of relatively higher flow regime deposits over rel-
atively lower flow regime deposits. Such a migration would
also explazin the *ransition from guartz sand to carbonate ool-

ites at Bluewater, as discussed in the preceeding section.
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The lower Glorieta tongue does not extend westward to Fox
Cave. This suggests a western linit of sand influx beyond
which there were not enough guartz grains arriving to overwheln
carbonate production,
Middle Glorieta Tongue

The middle Glorieta tongue is generally thin {3 to 12 feet)
and poorly exposed. The thicksst, best exposed, and environ-
nentally most diagnostic unit is present at Sunset, In regions
where +idal or wave zction is wvery intense, tidal sand bars cor
flats may be formed, with individual bars separated by a net-
work of large tidal channels (Blatt et al, 1972), The middle
Glorieta tongue at Sunset can besy be'inﬁerpreted as having been
depozited in such a charnnel, rather than as a bar with topo=-
graphic relief because: 1) a scoured lower contact with about
one foot of relief is present. 2) overlying carbonate deposit-
- ional faciez do not suggest deposition on a topographic high,
and 3) the middle Glorieta %tongue rests directly on normal
marine carbonate depesits, whereas at all other sections, 1t
rests on more restricied carbonate facles, suggesiting that the
restricted carbonate facies has been cut out, The sides of the
interpreted channel were not noted in a 250 feet traverse
across the outcrop., Hence, very litile is known aboul the
possible dimensions of thig channel., There is a bipolar
distribution of cross«bed orientations (figure 17B): northwar
is dominant, but a strong southern component is present (figure
19). Bipolar paleocurrent orientations are a common charact-

eristic of channel deposition influenced by tidal currents
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(Blatt et al, 1972). This observation suggests the influence
of %tidal currents during the deposition of the middle Glor-
ieta tongue at Sunset.
Upper Glorieta Tongue

The upper Glorieta tongue is present throughout the
gtudy area as a thin blanket sand., It thickens eastward zcross
the study zrea {(figure 8). The upper Glorista tongue al Sun~
set and Bluewater is about twice as thick (about 50 feetl} as
at Hondo, Fort Stanton, Fox Cave, and Canning Ranch., Subsequ~
ent carbonate deposits tended to be "shoaler' at these two
sections, sugeesting the influence of inherited depositional
relief. This relief is zlso suggésted by the shapes of the
approximate time lines on Platezs IX and X.

The upper Glorieta tongue at Sunset, Hondo, Fort Stanten,
and Bogle Dome reflects a decrease in flow regime upwards in
the units. A%t Bluewater and Canning Ranch, an upward increase
in flow regime is apparent. The lower~lower flow regime depos-
its towards the bottom of the upper Glorieta tongue at Blue-
water and Camming Ranch probably represent lower energy lagoonal
deposition behind pre-existing oolitic barriers. The upper
Glorieta tongue at the other sectionsg and above the lower-lower
flow regime deposits at Bluewater and Canning Ranch congists
entirely of upper-lower and lower-upper flow regime deposits.
Hence, relatively little evidence of lower energy lagdonal
deposition is present in the upper Glorieta tongue. The pos-

“ition of the Bluewater and Canning Ranch sections along the
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northwest-southeast segment of the inferred undaform~edge
trend (figure 23) coupled with a paleowind direction domine
antly towards the southwest suggests the following interpret-
ation, The Bluewater and Canning Ranch sections may have been
vprotected from wind-induced waves and currents by the oolitic
berrierg of the undaformesdge resulbting in lower energy lag-
conal deposition initially, wherezs the other sectipns appear
to have Deen unprotected from the effects of Windnindﬁced waves
and currents., resuliting in comparatively higher ehergy deposits.
The upper parits of the upper Glorieta tongue at Bluewater and
Canning Ranch also consist of comparatively higher energy
deposite suggesting that the pre-existing oolitic barriers no
longer effectively blocked thes formation of wind-induced waves

and currents.
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CONCIUSIONS

The following conclusions are bhased on detalled study of
the lower San Andres Formation of central ﬁew Hexico.
1) Subtidal csrbonate depositional facies make up about 95%
of +the carbonate member, vhereas supratidal and intertidal
fucles only about 5%,
2) Evaporite minerals were not noted in the lower San Andres
Formation in the study area; although they are present in the
upper Yeso Formation. However, evaporite molds in the lower
San Andres Pormation indicate the former presence of diagenetic
evaporites, Little evideance was observed ol an emergent tidal
fla%t or sabkha origin for most of the former evaporives
3} The carbonate depositional facies of this report peowmitd
detailed correlation throughout the study area. The normal
murine faclez iz commonly very persistent and is thus probably
useful for correlation of the lower San Andres Formation ouiside
the study ares,
) Sevenfeen "transgressive~regressive’ cycles were noted in
the lower San Andres Formation. Only three  ecycles are
demonstrably due to absolute sea level fluctuations., The
“regressive' deposites of these cycles are relatively much
thicker than the “%*ansgressive“ deposits. The cycles permit
detziled correliation Tthroughout the study ares independently
of the the contiruity of individual carbonate depositional
facies, Llost of these cycles should be present in the lower

San Andres outside the study area. The Glorieta Sandstone
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at Walker Ranch has been correlated to the carbonate member
by the use of these cycles.
5}  Sedimentation in the lower San Andres Formation in the
study area appears to have been controlled by the Pedernal
positive element, which acted as a buried, yeb positive feature.
6) Most of the lower San Andres in the study area was appal-
ently deposited on an undafoym behind undaform-edge barriers
that were present east of tThe study area in eagtern ILincoln
and western Chaves Counticg during low sea Jevel stands,
7)Y The majority of the lower San Andres carbonate member was
deposited in low energy tidal Flat and shallow lagoonsl environ-
ments behind the oolitic barriers of the undaform-edge.
8} The Glorieta Sandstone does n&t have any convincing aeolisn
or deltale characteristics within the study area. Iis genesgis
must be inferred largely from the assoclated carbonate deposit-
jonal facles. At least mucsh of the Glorieta in the study ares
was probably deposited in relatively shallow marine environments.
9) The terrigenous sands of the lower, middle, and upper Glor-
ieta tongues appear to have been transvoried southward across
the study area along the inside of pre~existing oolitic barriers
of the undaform-adge enviromment during low sea level stands,
The terrigenous sands in northern Lincoln County may also have
been transported along the inside of pre-exigting oolitic bar-
riers., However, no independent evidence is available to support

this hypothesis.




137

APPENDIXE I

LOCATION OF MEASURED SECTIONS
Pigure 27 illustrates the location of the eight sections

measured during this study on portions of the CGeneral Highway
fap of Lincoln County, New Mexico.

Walker Ranch (MB%, section 17, ¥,23.; R,13E.)

The section wags measured about % mile northeast of the
dirt road between Gallinas and Walker Rench headquarters about
3.3 miles eazst of Gallinas.

Bogle Dome (Ovicrop A: E %, section 19, T.48., R.15E. and

outerop B: SW %, section 20, T.hS,, R.135E.)

Three outcrops were initially measured to form a compos-
ise section. The outorops are located aleong a dirt ranch road,
which appesrs as a stresnm bed on area maps. This dird road
intersects & heavy dut& dirt road in section 12. The lower
part of the composite section (outerop 4} vwas measured about
.8 miles frem this intersection, the middle part about .75
miles from the lower, and the uppsr part (outerop B) about .2
miles from the middle. Suvbsequent analysis of carbonats depOg-
itional facies indicated that the cutecrop between ocuterops
A and B {figure 27) was a repeiition of facles already measured
at outerop A and hence, it was not Included in the final graphle
section of this report,

Canning (Block) Ranch (Outerop As  SW, section 6, T.7S., R.16E.

and outerop B: NW:, section 1, T.75., R.1L5E.)
The lower Glorieta tongue and the lower five Tfeel of the

lower carbonate tongue were messgured in outerop A about one
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mile norih of %the Canuning Ranch headguavters {gziied Block Mo,

i

2 on the map in figure 27} near the top of the zast peak of the

b

two prominent pecks in the avea. The ranch headguarters is
located vlong a &irt road zbout twoe miles north of the inter~
this dirt reoasd and New Mezieo Highwsy 48, The dixt
raxd inversects ulghusy b about .1 miles east of 2 cluster

of bulldings called Encinogo on a2ras maps., The lower cavpenate
Pongue Torms & vwell *%m&sad regictent outorep, but the wndes-

lying lower Glovieta tongue 1s very pooriy exposed and only

the 1itholooy ¢sn be detarmined.

{

The remsindey of the gestion was measured in oulowroep B,

-

valch 1s about X.5 miles north of the raneh headgusriers and

3

zast of the dirt road leading northward frow

fo)

about 230 yeids
the ranch headovarters,
Fort Shtanton (MB%, section 15, 7.9%.. R.15E.)

The seeotion was wmeasuved on the north side of ¥.¥. Highe
way 380 about 7.7 miles east of the town of Capitan,
Pox_Oave (Outerop As NWE, sectiom 7, T,128., R.158, and ouleroep

B: NEE, seetion 12, 7.11S., R 4R, )}

Tlie section below the upper Glorlieta tongue was measured
in outorep A on the north side eof U.S. Highway 70 about .25
miles west)of the entrance to Fox Cave. The remainder of the
gection was measured in outerop B, a sully, on the north side
of U.,S, Highway 70 about .7 miles west of the entrance to Fox

o
Cave,
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Hondo (SF%, section 19, T.10S.; R.17E.}

The gection was measured on the northeast side of U.S,
Highway 380 about 3.6 miles northwest of the intersection of
U.5. Highways 380 and 70,

Sunset (NW, szection 29, T.11S., R.19E.)

The section was measured on the north side of U.S. Highe
way 70/380 avout 2.1 miles west of a cluster of buildings
called Riverside on avea maps.

Bluewaster (NEz, section 8, T.95,, R,18E,)
The section was measured on the east side of New Mexico

Highway 368 sbout .15 miles north of the intersection of

Highway 343 with a dirt road that leads westward.
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APPENDIX IX
INTERPRETATION OF PLATES I TO VIIX

INTRODUCTION

Figure 28 illustrates the heading used in Plates I o
VIII., The sedimentary parameters lisved in the heading are
digcuszsed in the text of this repori. Host sedimentary par-
ameters are described graphically in two genersl ways: 1)
presence or absence (b,e, and & of figure 28), and 2) relative
abundance or degree of development (i.e. well-developed versus
obscure; ¢, d, £, and h of figure 28). The indication of
presence or absence is discussed for each parameter in the
next secticn.

Relative abundance is described gualitatively as rare,
rare to common, and common to abundant. Figure 29 illustrates

how these terms are represented on Plates I to VIII Tor fauna,
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Flieure 28 Heaoms Useo m Piates T oY (Levress & THROUGH
Usep i Text wo Rergr To Prrrs orF Heapine)
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for example. Thin, vertical lines separate the Taunal types
into groups of twe, each group consigting of two "columns® {e.g.
group'd in figure 29 consists of a bryozoan "column” and a
crinoid "column®). Rare ocourrences are noted by a thin line
along the center of a coluan and no £illing in of the lefte-
hand half of the dolumn {e.g. gastropods in Tigure 29). Rare

to common occurrences are noted similarly te rare occurrences,
except that the left-hand half of the column is filled in (e.g.

Foraminifera irn figure 29). Common to abundant occurrences are
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noted by completely £illing in an entire column (e.g. unident-

ifiable foscil fragments, ostracodes, ete.). A dobached head-

ing, Plate XI, is included with Plates I té ¥ITI. It may be

moved along each plate o 2id in interpreting relative abund-

ances.,

HEANLHG OF PRLATES L to VIIL

The constitucnt pacts ¢f the heading wvsed in Plates I

4o VIII (figure 28) ave discusged belows

a

£y

The symbols used in the graphic secilions of Pletes X %o

VIII are illustrated in figure 3C.
Rock claszification ig after Dunham, 1962,

"Dominant® grain size refers to the size of grains which
ave ag large as or larger than 90% of the grains presant
in the rock unit. It is desoribed using the Wentwnith
(1922) size scale, The *dominant® grain size is indics

ated by a completely filled colurxn.

Relative abundances nay be determined using the intro-

&

duetory information and figure 29,

Filgure 31 illustirates the interpretation of stratificat~
ion thickness. A4 completely filled column indicates
well=developed to obtscure bedding planes. A filled
left half of a column indicates bedding planes are very
obscure, if only one stratification thickness is present
(e.g, very thin bsdding). However, two stratification

thicknesses in the same rock unit {e.g. very thin
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bedding =nd internsal lamination) are indicated by the left

half of the appropriste solumns being filled.

The term massive refers 10 the ébsence of internsal
Temination. It is indieated by a completely filled
column. The term wavy bedding is only used Hc degscribe
asndetones in this report. 4 completely filled columa
indicatez well-developed wavy bedding, wheveas & Tilled

1eft half of 2 column indicates obsoure wavy bedding.

Crosswstrotification scale (small, medium, and large):
A completely £illed cclumn indicates well-devaloped
orosa~stratification, whereas & filled left half of a
column indicates obscure crosse-stratification.
Goossectratification type (planar and trough)s

4 couwpletely Tilled column indicates the type of cross-

gtratification present,

Relative abwndances may be determined using the intro-

ductery information and figure 29,

‘The percentage of dolomite present lg gelf-explanatory.
The dominant dolomite crystal size is indiczted by a

completely £illed column,

Relative abundances may be determined using the intro-

duetory informstion and figure 29,

The value (l.e. lightness) of the carbonate rock units

has been noted after Goddard et al (1970).
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