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ABSTRACT

The Glorieta Sandétone outcrops along Glorieta Mesa
in southeastern San Miguel County. The type section was
chosen along the mesa one mile west of Rowe, New Mexico
by Needham and Bates in 1943. A petrographic study of
the Glorieta at the type section reveals that it is a
quartz arenite cemented variously by clay, calcite, silica,
and hematite., The formation was deposited in the near-
shore zone as a beach and bar complex in & semi-arid
climate. Source areas included highiénds on the Uncompahgre,
Sierra Grande, and Pedernal uplifts.

The Glorieta was deposited in saline waters with a
high alkalinity. The diagenesis of the Glorietz was
controlled by changes in pH of interstitial waters and
by compaction. Silica was dissolved from detrital quartz
and possibly from diatom shells while calcite precipitated.
A lowering of the vH by microbiological activity, chemical
reactions, or adsorption by clays caused the precipitation
of silica as doubly or singly terminated crystals.
Compaction caused fracturing of some guartz grains and
pressure solution of silica. Calcife recrystallized into
rhombs. Later percolation of ground waters fhrough the
formation dissolved the calcite. Locally calcite re-
precipitated wedging apart the fractured quartz grains and
between the quartz overgrowths, |

The uppef Glorieta at the type section could be

guarried for use as dimension stone. If near-by markets



should evolve, clay~bearing horizons might be used as
foundry sand, and other beds could be used'as_fracturing

or abrasive sand.
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PURPOSE AND SCOPE

The Glorieta Séndstone of New Mexico poses important
stratigraphic and economic probleﬁs to the petroleun
explorationists and developers of dimension stone.

Because of its wide distribution throughout vart of

New Mexico, its persistent lithology, its bold tobographic
expression, and its stratigraphic position between the
underlying Yeso Formation and the o0il-producing San Andres
Limestone, the Glorieta has been recognizéd as a formation
since 1943 when Heedham and Bates designated the type
section, However, with the exception of theses done by
Huntington in 1949 and by Huber in 1961, there has been

no detailed petrographic and paléoenvironmental work.

It is the purpose of this thesis to present detailed
descriptive work on thg type section of the Glorieta
Sandstone near Rowe, New Mexico, and to present an
interpretation of the depositional environment and
diagenesis of the formation.

AREA OF STUDY _

The type section of the Glorieta Sandstone is located
on the escarvment of Glorieta Mesa one mile west of the
town of Rowe in San Miguel County, New Mexico. The exact
location of the section studied is shown in Figures 1
and 2. The access and eXposure are very good. Field
work was done mainly in the last weeks of August.

METHOD OF STUDY

Samples were collected beginning in the Yeso Formation



as it began to change from the characteristic pale reddish
brown massive rounded slopes to the thin bedded grayish
red aﬁd light gray slope-forming sands interbedded with
thin limestones. Every change in mode of weathering,
color, and bedding was documented and samples were taken.
This procedure continued up through the entire Glorieta
and to the top of the San Andres Limestone in order that
both contacts might be étudied. Color designation was
taken from the 1963 "Rock Color Chart" distributed by

the Geoldgical Society of America, New York, N. Y.

Thinsections were made from each horizon in the
section (Plate 1) repreéented by a rock number and/or
by alphabetical division. Whenevef possible sections
were taken oriented with a north arro# s0 that easti-west
and north~south thinsections coculd be made. A total of
240 thinsections were made, 64 from the Yeso Formation,
159 from the Glorieta Sandstone, and 17 from the San Andres
Limestone. The cement was so weék that most of the
samples were impregnated using a vacumn pump and a
plastic cement.

The thinsections were examined for grain size,
sorting, grain shape, grain contacts, mineral components,
porositly, grain deformation, cement, and indications of
geochemicai conditions during and after the time of
deposition. Much of this data is in the rock descriptions

in the Appendix,
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1: Photograph of the type section
Sandstone at Glorieta Mesa.
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REGIONAL STRATIGRAPHY

Permian stratigraphy in the south central United
States is intricately linked to tectonic features. The
Pennsylvanian and early Permian Periods were times of
numerocus pulsations. Block nountains were raised
intermittently and cyclic sedimentation was common.

In such a setting the thin continuous beds of the Glorieta
Sandstone were deposited.

The Glorieta extends over northeastern New Mexico
into Oklanomz and Texas. An equivalent sandstone sheet,
the Cedar Hills Sandstone, is recognized in Kansas
(Dixon, 1967; Irwin and Morton, 1969). In the northwestern
part'of Wew Mexico, the Glorieta Sandstone outcrops in
Rio Arribpa County (Anderson, 1970), in the Zuni Mountains
(Smith, 1954 énd 1959), in the Navajo Indian Reservation
(Cooley and others, 1969), and around ihe Sén Juan basin
(Read, 1951). The formation is present in central Hew
Mexico (Wilpolt and ¥anek, 1951), The Glorieta thins to
a feather edge in the direction of the Delaware basin in
southeastern New Mexico (King, 1942).

Major structural elements of the late Pennsylvanian
and early Permian are shown in Figuref@. According to
Dixon (1967), the most active tectonic element from middie
Pennsylvanian through early Permian was the Pedernal
uplift. The Glorieta Sandstone, the San Andres Limestone,
and the Bernal Formation thin over the northern portion of

this uplift. The high percentage of sand in the San
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Andreé“close to the edge of the uplift conpared to the
percentage of sand in the San Andres farther away suggesis
that local highlands Still’existed in Leonardian time.
The Triassic Santa Rosa Sandstone contalns fragnents of
Precambrian rocks in its conglomerates, but it does not
thin over the Pedernal axis. It is concluded that the
Precambrian was exposed on the Pedernal uplift through
Permian time, but by late Triassic, only a few snall
positive areas remained uncovered by sediments (Bock, 1970).
The Sierra Grande arch and the Bravo dome are other
possible sources for Permian detritals. From stratigraphic
relations inlthe southern Sangre de Cristo Mountains,

Miller, et al., (1963) determined that this area was

tinme. They conclude that the Sierra Grande arch probably
did not develop until late Pennsylvaniah or Permian tine.
However, in the Oklanona vanhandle and adjoining areas
of Texas and Hew Mexico the Glorieta is deposited on the
Precambrian of the southern Sierra Grande uplift (Irwin
and Morton, 1969). In Colfax and Union Counties, New
Mexico, isopach studies suggest that a central portion
of the Sierra Grande upliit was positive during deposition
of the Yeso, Glorieta, and San Andres (Dixon, 19€7). From
"these studies it is concluded that the Sierra Grande
uplift was a source of clastics for the Sangre de Cristo

- Formation, the Yeso Formation, and the Glorieta Sandstone.

A third vpositive area is the Uncompahgre-San Luis



uplift. In the Glorieta quadrangle, the Sangre de Cristo
Formation thins significantly to the west toward this
uplifte. Permian formations also exhibit this thinning,
put to a lesser degree than the Pennsylvanian formations
(Budding, in Press) . This southermost extension of the
Uncompahgré’uplift was probably not an important source
area for the clastics of the Glorieta, but the northern
part of the Uncoﬁpahgre must ha&e been significani. The
Yeso, Glorieta, and San Andres thin in this direction
(Tanner, 1963; Dixomn, 1967). The Yeso and Glorieta
probably intertongue with the Sangre de Cristo Formation
and the San Andres passes laterally northward into an
evaporite fagies. These relationships are obscured

by pre-upper Leonardian erosion (Rascoe and Baars, 1972).



1LOCAL STRATIGRAPHY AND GEOLOGICAL HISTORY OF THE UPPER
PRCOS VALLEY AND SOUTHERN SANGRE DE CRISTO MOUNTATINS

Miller, Montgomery, and Sutherland (1963) have
determined the major seguence of evenis from the Precambrian
through the Cenozoic in the area of the southern Sangre
de Cristd Mountains and Upper Pecos Valley. Basenent
rock in this area consists of Precambrian schists,
phyllites, quartzites, gneisses, hornfels, felsites,
granites, and pegmatites. Prior to the Mississippian
Period, orthoquartzites of the Del Pedre Sandstone and
limestones of the Devonian Espiritu Santo Formation
were deposited on this basement. Fron textures and
1ithologies it is concluded that the area was a shallow
sed., The rociks of highlands were metaigneous. The
Embudo granite was apparently not exposed at this time.

The major structure in the Precanmbrian was the
north-south trending Picuris-Pecos fault (Figure 3).
Movement on this fault prior o the Mississippianrarched
and recrystallized the Del Padre Sandstone and the
Espiritu Sahto Formation. During the Mississippian,
the area remained a shallow sea, and the Terrero Formation
was deposited as a sparsely fossiliferous limestone.

In early Pennsylvanian time (Morrowan), further
activity on the Picuris-Pecos fault resulted in uplift
of the Precambrian metasedimentary area extending fron

the northern edge of the present day Santa Fe County

northward into present day Colorado. This structural
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feature is called the Uncompahgre-San Luis uplift. To
the east of the Uncompahgre uplift, alluvial deposits
formed in what is known as the Taos trough. To the
south of the uplift, marine shelf deposits were formed.
In early Desmoinesian a secondary source supplied.feldspars
from the south to these shelf deposits. This source was
probahbly the Pedernal uplift.

In late Desmoinesian time, renewed uplift along the
Picuris-Pecos fault exposed granite as far south as the
city of Santa Fe. Feldspar lncreases abruptly from
1 to 15 per cent to greater than 30 per cent in the
Alamitos Formation and its equivalent, the uppervarkosic
member of the Madera Formation. The units consist of
intercalated limestones, shales, siltstones, and arkoses.
These are the deposits of the last major marine invasion
of the shelf and trough areas during the Pennsylvanian.
Rapid lateral and vertical changes in lithology are common
during this time span (Miller, et al., 1963).

In northeastern New Mexico the Sierra Grande uplift
was positive and the Sangre de Cristo Formation was
deposited during the Missourian and Virgilian Epochs
and perhaps into the Permian Violfcamp. The Sangre de
Cristo Formation is the first appearance of a red bed
sequence. The formation consists of dark maroon silts
and mudstones interbedded with brown and tan cross bedded
sandstones, arkoses and thin limestone beds containing

nmarine or fresh water fossils (Johnson, 1969)., Miller,



it

et al., (1963), Tanner (1963%), Johnson (1969), and Budding
(in press) agree that this is a continental deposit of
coalescing alluvial fans, flood plains, deltas, and
channel fills. Lakes and ponds as well as marine bodies
of water probably covered this area from time to time.

In late Wolfcampian there was reneved activity on the
Apishapa~Sierra Grande uplift. The sangre de Cristo
Formation continued to be dépogited in a narrow strip
petween the Sierrs Grande and the Uncompahgre uplifts.

In the arvea around PECOS, llew Mexico, the Sangre de Cristo
is overlain by the reddish brown sandstones and siltstones
of the Yeso Formation. Conformable over this is the
Glorieta Sandstone. The relict ancestral Rocky Mountain

4

heastern New Mexico and central

ot

uplift hecane active in noOr
Colorado sometime in Leonardian. The Yeso and Glorieta
were removed from this uplift in the southern Sangre
de Cristos by erosion (Rascoe and Baars, 1972) .
Huntington (1949) pelieved that the Yeso deposition
was continental. Tanner (1963) interpreted the deposit
as that of a tidal flat with possible peach deposits in
the upper part. dJohnson (1959) suggested that the Yeso
was deposited in shallow marine waters On & proad flat
coastal plain., Huber (1961), working in the Joyita Hills
of Socorro County, interpreted the environment to be that
of a delta facies grading upward to that of a beach.
Hock (1970) argues that ihe lower portion of the Yeso

was deposited in a saline epicontinental sea and the



uppeprortion in a normal shallow agitated sea. The major
point of agreement in these interpretations 1s that the
upper portion of the Yeso is significantly different

from the lower portion.

The environment of deposition of the Glorieta
sandstone has also been variously interpretved. Buntington
(1949) suggests that the deposit was formed on & stable
marine shelf, Huber (1661), Tanner (19563), and Johnson
(196%) interpret,the Glorieta asra nearshore deposit of
beach, bar, and channel. Hock (1970) believes that the
lower portion of the Glorieta is eolian with a sand source
from the west. The deposition'oﬁ the upper portilon he
believes was controlled mainly by marine processes. e
assuned that the climate was arid to seni-arid. On the
pasis of the weathering of feldspars, Huber (1961) suggests
that the climate was humid temperate TO semi=arid.

Tanner (1963) fron paleonagnetic data finds that the
state of New Mexico wias positioned at 20 degrees souih
of the Permian equator. He émphasizes the presence of
Pennsylvanian coal beds in the Pecos River Valley as
evidence that the climate was Warlls |

The San Andfes Limestone in northern New Mexico was
deposited as the Ancestral ROCKY Mountain uplift was
being eroded. 1In the southeastern Pecos Valley the San
Andres attains a thickness of 30 feet. The formation
passes laterally to an evaporite facles in the north-

western Pecos Valley (Rascoe and Baars, 1972).



Hock (1970) and Tanner (1963) believe that the
San Andres Limestone is an open marine formation.

Huber (1961) interprets it as a lagoonal facies in

_the Joyita Hills area. In Socorro County, in the
Joyita Hills, and north of the Pedernal uplift there
are two to three sandstone beds in the basal portion
df the San Andres Limestone. These are interpreted by
Huber and Hock to be regressions of the sea. |

After the deposition of the San Andres Limestone,
the Bernal Formation was deposited as reddish brown
sandstones and siltstones in conformable seqguence.

Near Bernal in San Miguel County the formation contains
beds of gypsum. dJohnson (1969) interprets the Bernal

as a shallow water marine deposit on a broad flat coastal
shelf.

The Santa Rosa Sandstone in the Pecos area is a
pale red to light brownish gray sandstone cemented by
reddish brown clay. Layers of red shale are common.
Johnson (1969) sugsgests thaf the formation was the beach
deposit of a transgressing sea. He notes the presence of
an unconformity between the Santa Rosa and the. Bernal.
Tanner (1963) interprets the Santa Rosa Sandstone as
a continental deposit, and the sequence from Sangre de
Cristo through Santa Rosa Sandstone as a single

transgressive-regressive sequence.




PREVIOUS SEDIMENTATION STUDIES OW THE GLORIETA SANDSTCNE
Hock (1970) studied the Pernian and Triassic section
of the Pedernal wuplift in the area of Clines Corners,
Torrance Coun ty, New Mexico. He described the upper
Yeso unit as pale red to reddish brown Siltstones and
sandstones interbedded with gypsum and limestene. The
units are thick bedded.. Quartz grains in the sandstones
are very fine and angular. Limestone beds are lizht
gray, porous, crystalline, and generally muddy.
The Glorieta described by ﬁock is a clean white
cliff-forming sandstone with an abundance of iron-oxide
coating on the grains. In the lower thirty feet 1t is
thin bedded with large scale Cross beds. Quartz grains are
fine, well rounded, frosted, and pitted. The upper portion
of the Glorieta contains fewer cross beds and becomes
thick to very thick bedded. Size and angularity orf
quartz grains increases. Some iron concretidns are found.
Cementation in general is described as loose, and the
rock is friable.
The San Andres Limestone along the northern Pedernal up-
1ift is a gray, finely crystalline, non~-porous limestone.
It is thick bedded and sparingly fossiliferous. Gypsum
is found in the formation in this area. A relatively high
per cent of sand in the limestone is found close to the axis
of the uplift compared to the per cent of sand to the east and

the west. All of the Permian formations thin over the

Pedernal axis.




Huber (1961) studied petrographically the Yeso=-
Glorieta-San Andres se@uence in the Joyita Hills of
socorro County, New Mexico. The only feature apparently
séparating the upper Yeso Formation and the Glorieta
Sandstone in this area 1s the change in color from maroon
to white. Fine to mediuﬁ well rounded quartz grains are
characteristic of this entire sequence. |

The San Andres Limestone of the Joyita Hills contains
several sandstone beds 1n the carbonate sequence. The
limestone section conkains abundant broken fossil fragments.
Huber interprets the upper Yeso—Gldrieta as a beach
deposit and the San Andres Limestone as lagoonal carbonate
deposition. |

Huntington (1949) did heavy mineral analyses of three
sections of the Glorieta Sandstone: in the northern part
of Chupadera }Mesa, S0COrro County; in southwesternﬁéan
Miguel County;‘and the type section near Rowe. 1In this
latter area, Huntington found that tﬁe pasal layers of
the sandstone could be distinguished by the concentratidn
of silts and clays and iron oxide cement. Most of the
guartz grains, L6 per cent, fall in the size range of
fine sand. Quartz grains constitute approximately 90
per cent of the total fock in this lower section.

In the upper beds of the type section, Huntington
found that 70 per cent of the quartz grains fall in the

medium sand size range, and the dominant cement 1is




carbonate. The percentage of heavy minerals in the
upper Glorieta is lower than the percentage in the
lower portion, and quartz consists of 97 per cent of
the total rock.

According to Huntington, the most abundant heavy
minerals are zircon and tourmaline, which conpose
respectively 27 and 25 per cent of the heavy mineéeral
suite. Three colors of tourmaline are present in the
rock samples. These aré light yellow, dark brown, and
indigo blue. Grains of this mineral and of quartz are
provortionally more angular in the lower portion‘of the
Glorieta than in the upper portion.

Iron oxides constitute 17 per cent of the heavy

mineral suite. Other heavy minerals found were: nagnetite,

15 per cent; leucoxene, 7 per cent; ilmenite, 5 per cen
and traces of rutile, garnet, epidote, hornblende, and
muscovite (Huntington, 1949).

| In general the present petrographic study of the
Glorieta agrees with the work of Huntington. Grain size

does increase up section. The heavy minerals found in

ct

Huntington's analysis are present in thinsection. However,

dominant cements are seen to fluctuate more than Huntington

suggests, and the presence of an additional cement, chert,

is discerned from thinsection. Microcline, orthoclase,
perthite, and plagioclase fragments are also found, as

well as igneous and metamorphic rock fragments.



CLASSIFICATION SCHEMES

Five classification schemes are used in the naming of
rock samples taken at the Glorieta type section. Folk's
1968 sandstone classification scheme, shown diagramatically
below, is used for all sandstones. His method of naming

sandstones is also employed.

Q
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Albite Anorthite
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Figure 4: Folk's 1968 sandstone classification scheme.

The advantages of this scheme are clarity, gsimplicity,
and attention to all major detrital components. The major
disadvantage is that Folk's triangle ignores the cement or
mnatrix. Because clay pléys an important part in determining
depositional environment and diagenesis, a modification of
Folk's triangle which combines the ideas of Dott (1964) and

Picard (1971) is used. Figure 5 is a schematic diagram of



" this. The boundary between arenites and wackes is placed
at an arbitrary 25 per cent clay based on the work of
Picard (1971) and Dapples (1972). Picard's classification
scheme is used for rocks which either fall out of the size
range of sand or contain greater than 50 per cent clay.

This is presented in Figure 6.

Clay

Mudstone

Figure B: Schematic diagram linking Folk!s and Picard's
classification schemes.
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Clay

Claystone

Sandy |Silty

Clayftone

Clayey Mud~

Quartz ' | S5ilt

Figure 6: Picard's 1971 c¢lassification of fine-
grained sedimentary rocks,

' _ With regard to carbonate as a rock type and as a
cement, two other classification systems are used.
Folk's classification of limestones is used for the
carbonate rocks. This classification is presented in.

"Petrology of Sedimentary Rocks,".1968. Dapples 1971

classification of carbonate cements is used in order to

facilitate interpretation of the diagenesis of the carbonate
cemented rocks. It is presented in outline form in

Figure 7.
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Figure 7: Dapples 1971 classification of carbonate
cement 1n quartzose sandstones.

1. Cementation without destruction of the grain-
supported framework
‘A. Crystallization in a single event f£illing
interstitial space as a simple adhesive
1. VWithout mineralogic reaction
2. Incorporating clay minerals already
present 1n intergranular space
B, Crystallization as part of dual events
1. Filling pore space following partial
welding of quartz grains
2., Recrystallization into single or compound
crystals in a mixture of guartz and
carbonate grains after partial welding
has taken place ‘

II. Cementation with destruction of the grain-supported
framework
A. By crystallization and volume expansion
1. In interstitial pores to produce local
expansion
2. In porous grains, causing rupture and
rotation of gralns
%z, Around sand nucleii to form small concretions
in situ
L. As large poikilitic crystals
B. By replacement of silicate mineral grains
1. Without destruction of bedding
2. By development of large concretions which
destroy bedding :
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FIELD DESCRIPTION OF THE TYPE SECTION

Strata ranging in age Ironm Permian to Triassic
are exposed on the Glorieta Mesa escarpment near Rowe.
The beds dip into the mesa three degrees southwest and
can be traced along the mesa escarpuent in both directions
for at least ten miles.

Permian rocks exposed on the mesa escarpment include
the Sangre de Cristo Formation, the Yeso Formation, the
Glorieta Sandstone, the San Andres Limestone, and the |

Bernal Formation. fThe uppér_Sangré de Cristo Formation
consists of medium to coarse light gray arkosic sandstone.
Tt is underlain by interbedded brown and red sandstones.
It is massive bedded and contains many intraformational

conglomerat and cross beds. Grains are sub-angular and

0
4l

cemented with sparry calcite.(Budding, personal communication).
The Yeso Formation consists of a pale reddish brown:
pimodal sandstone or siltstone, poorly cemented and
generally poorly sorted. It is massive bedded and forns
steep rounded slopes. White spots from two to ten mm and
lensés ranging from a few centimeters o several meters
are abundant. One persistent white sandstone unit is
prominent on the slope of the lower 251 feet of the Yeso.*
The upper 50 feet changes to thin bedded units which are
more dominantly gray than the lower Yeso. There are two
five foot limestone units in the upper Yeso. The lower
% The total thickness of 301.0 feet measured by

Needham and Bates is used for this calculation.



limestone is wpinkish gray with dark specks of detrital
hematite and laninations of clayey micrite, Fine quartz
and silt are persistent in layers of the limestone. An
abundance of vugs and a dismicrite texture is notable in
the lower limestone unit. Bedding is very thin to thin.
The basal portion of the upper limestone unit.of the
Yeso is a one~foot vale red cross-bedded silty dismicrite
which consists of approximately 30 ver cent vugs in tThe
upper vortion. Cross bedding is visible in hand specinen
because hematite delineates the layers of limestone.

Small "faults" are visible in thinsection. Quartaz,

hematite, hornblende, muscovite,

and zircon occur in this basal layer.

A two and one half foot light gray arenaceous dismicrite
tops the pale red limestone. Silt sized cuartz and iron
oxide are the only inclusions. Vugs constitute approximately
20 per cent of the total rock.

The Glorieta Sandstone consists of medium, fiﬁe,
and very fine sandstones with thin clay iayers interspersed.
Color ranges from graylsh orange to very pale orange. The
major cements are clay, calcite, and silica. The formation
is poorly indurated in general, but forms a steep cliff,
Bedding ranges Ifrom platey to very thick bedded. Cross
bedding is frequent and indicates a source from the
north or northeast as the work of Tanner (1963) also

shows, The lower contact was picked in the field on the

basis of the abruvt color change from pale reddish brown
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and light gray to grayish orange. Petrographic evidence
supports this position of the lower contact.

At the top of the cliff-forming portion of tﬁe
Glorieta Sandstone there is a 20 foot slope covered by
angular chips of light gray iimestone. There are three
one—fooi peds of sandstone outcropping in this covered
area: one at four feet above the ¢cliff; one at 21X feet
above the cliff; and one at eightAfeet above the cliff.
Needhan and Bétes 9L43) apparently placed the contact

(1
at the top of the hi nest exposed sandsione bed. TFrom

a3

+his horizon they measured 20 feet of San Andres Limestone,
12 feet of covered slope and 8 feet of cliff~-fornming
limestone beds. At The base of the ¢liff the 5eds consist
of a calcafeous sandstone interbedded with five mm lenses
of limestone (Figure 8). This is the first appearance of
limestone noted in this section. For this reason I

placed the Glorieta-San Andres contact at the base of the
cliff-forming limestone beds.

In a roadcut some 12 miles northwest of the type
section along Interstate 25 the Clorieta=-San Andres contact
is exposed. The area is faulted, and the San Andres is
recrystallized and probably thinned. The top bed of the
Glorieta in this outcrop is & bimodal coarse and very
fine, poorly sorted, calcareous sandstone. Under it is
a very fine sandstone with clay and calcite cement in
excess of 15 per cent of the total rock, The lowest

bed of the Glorieta sampled here was & siltstone cemented
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calcite lined
vugs

medium light

ray limestone ' .
gray calcareous fine

sandstone
hematiﬁe stained

cracks

Flgure 8: Slabbed section of RSA 2 showing the relationship
of limestone lenses to the calcareous sandstone.



with calcite and clay.

The three sandstone units exposed on the slope above
the cliff-forming Glorieta ére calcitic bimodal gquartz
arenites. RG 1004 1s a calcltic bimodal subarkose. The
similarity to the uppermost Glorieta at the roadcgt is
striking. The slope-forming area between énd above the
three exposed beds presumably consists of poorly cemented
sandstones and silistones characteristic of the upper
Glorieta at the type locality.

Platey to laminated bedding and grayish to very
pale orange color characterize the San Andres Limestone
at the tyve section. The formation becomes thin bedded
at the top and very porous. Vugs and a hydrogen sulphide
odor are conmmon ﬁhroughout. No evidence of fossils was
found.

Above the San Andres is the pale reddish brown
Bernal Formation“#hich consists of interbedded silistone
and sandstone. Bedding 1s thip and slabby. This unit
weathers to a splintery gravel on slopes. The upper
Bernal consists of a very light gray siltstone or very
fine sandstone.

Capping the mesa is the Triassic Santa Rosa Sandstone.
The lower portion of this formation is a pale red to
light brownish gray basal conglomerate consisting of
pebbles approximately 2% mm in size in a matrix of
granules slightly larger than two mm. The first 40

feet, according to Needhaum and Bates, consists of these
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conglbmerates'and cross bedded sandstones. The bedding
is massive and weathers rounded; This part of the
formation is cliff-forming. Sixty-four feet of pale
red shaley sandstone overlié the lowest division of the
Santa Rosa. The middle section is very thin bedded.
The top fourteen feet of the Santa Rosa is a coarse,

light colored, massive bedded sandstone (Needham and

Bates, 1G43).



TERRIGENOUS ROCKS=-UPPER YESO FORMATION
The upper Yeso Formation is dominated by wackes.

and

o

It is characﬁerized by angular silt and very fine
in a red clay matrix. Several samples aré bimodal,
displaying a second set of medium to coarse well rounded
sand grains (Plate 2). Sorting in the first samples

(RY 10 to RY 13 and RY 19 to RY 24) is poor. As the
Yeso-Glorieta contact is neared, well sorted material
becomes more common. bafbonate in the clay cement bécomes
more abundant, and white laminations are seen in hand
specimen. In beds close to the contact, most of the red
color comes from hematite coating quartz grains rather
than red clay. Quartz grains are better rounded. These
relationships are shown diagrahaticaliﬂ in Plate 1.

Detrital minerals in the Yeso include quartsz,
microcline, andesine, hornblende, muscovite, magnetite,
ilmenite, hematite, and zircon. Rock fragments include
at least two types of igneous rock and a claystone,

Quartz is distributed between two sizes, an angular
fine fraction and a rounded coarse fraction. Extinction
is straight to slightly undulose in both single and composite
grains. Composite grains are few andvequigranular.

Sone unidentified inclusions are present in single
grains.

ficrocline grains exhibiting characteristic grid
twinning are'present as angular to rounded grains in the

Yeso. Plagioclase grains also occur. By use of the
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PLATE 2:

Fig. 1

.
-

RY 13 Characteristic red and white layers
of the Yesc Formation. x8. Plane polarized
light. Coarse silt to very fine sandstone:
clayey immature guartz wacke with red
claystone lenses. Angular quartz grains.
Rounded orthoclase. Hematitic clay with
calcite stringers. Floating and tangential
contacts. Coastal plain deposit.

RY 21 Characteristic red wacke of t©
Formation. x8. Crossed nicols. Very fine
sandstone and coarse sandsione: clayey
bimodal quartz wacke. Sub-angular quariz
grains in red clay matrix. Layer of calcite
cerient., Iloating contacts. Coastal nlain
deposit.
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Michel~Levy method, the plagioclase grains are determined
as approximately An-42 in conmposition.

The orthoclase grains appear brownish under reflected
light because of incipient altefation. Some orthoclase
grains in the uppermost Yeso display overgrowth (Eigure
1, Plate 3). | |

Hornblende occurs in the highest beds of the Yeso as
elongate laths. Pleochroism is marked. Birefrihgence is
in the upper second order. No interference ifigures
were obtained due to the small size of the fragments.

Zircon occurs in the Yeso Formatlon as terminated
crystals and as sub-rounded grains. Fragments‘are 00
small to get an interference figﬁre.

Rutile occurs as esicongated irregular grains in
the Yeso., The color is reddish brown in reflected light.

Three opagque mineral types are present in the Yeso.
The magnetite is small black angular grains and crystalline
aggregates. Ilmenite occurs in the characteristic skeleton
structure and hematite as small irregular opague grains
with blood red rims under crossed nicols. Occasionally
hematite also occurs as a dark spot in the red clay.

Musdovite appears as small flakes associated with
clay. The shave 1s rarely distorted.

- There is no evidence that the red clay which acts
as a cenment in the Yeso Formation'was precipitated. The
flakes of clay do not arrange themselves at right angles

to the detrital grains. The possibility existis that the
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Fig, 2

RY 33 Uppermost Yeso Formation.. x80.

Crossed nicols. Medium sandstone: clayey
immature guartz arenite. Sub-rounded quartz
single and composite grains. Orthoclase

show1ng overgrowth after calcite deposition

in pores. Mainly clay cement. Calcite

spotty. Tangential, straight, and concavo/convex
contacts. Coastal plaln deDOSlt.

RG 17 Lowernmost Glorieta Sandstone. %8.
Plane polarized light. Medium to fine
sandstone: hizhly calcitic supermature
guartz arenite. Rounded quartz grains.
Sub-rounded orthoclace with hematiitic clay
rim forming solution armoring. Calcite
cement “eC“thulllved during diagenesis

and after silica cvergrowth. Large grains

of calcite shown by the dark tones of the
cement on the right and the llgﬂb tones of
the cement on the left. Hematite rims around
grains and hematite ’“lTvﬁg the vores.
Contacts tangential, straig ght, and concavo/convex.
Beach and bar deposit
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composition of‘the clay may have been altered by post-
depositional chemical reactions or that the lattice
fpamework of the clays may have been altered during
diagenesis. It is assumed in this paper that the clays
of the Yeso are detrital and probably not significantly
metamorphosed since the time of deposition. |
Samples of the Yeso Formation were stained with
benzidene dinydrochloride. Most stained bright tlue,
implying the presence of montmorillonite. As the Yeso-
Glorieta contact was neared, the samples showed either no
reaction or a blue-green color. Blue-green color suggests
that the clay in that sample may be mixed-layer illite~
montmorillonite. The sample shoﬁing no reaction may

contain kaolinite or a non-reactive montmorillonite.

by

The only method of positive identification is through
x-ray analysis, and this method was not employed in the
present study.

Ofthochemical constituents of sedimentary rocks are
defined as those substances which are Y“produced chenmically
within the basin of deposition and show litﬁle or no
evidence of significant transportation or aggregation
into more complex entities" (Folk, 1963). The calcite
cement and probably some of the henatite in the Yeso
Formation are the only orthochemical constituents of the
sandstones. Crystallization of the calcite was apparently

penecontemporaneous with deposition of the formation and

took place in a single event £illing interstitial pores
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or being deposited as thin calcite layers. There is no
destruction of the grain fabric. This form of precipitation
produced the white spots and layers commonly found in

hand specimen throughout the Yeso Formation.

TERRIGENOUS ROCKS~~GLORIETA SANDSTONE

The designated contact between the Yeso Formation
and the Glorieta Sandstone at the type section is marked
by a distinct change in physical properties. The uppermost
Yeso is a white sandstone bed. The lowermost Glorieta
is a yellow sandstone bed. Sdrting chanzes from moderate
to poor in the uppermost Yeso to very well fto well sorted
in the lowermost Glorieta. Grain size changes from the
very fine sand of the uppermost Yeso to fine to medium
sand of the lowermost Glorieta. Cement changes from
dominant clay with calcite filling some pores to a dominant
calcite cement. The uppermost Yeso and lowermost Glorieta
are shown in photomicrographs RY 38 and RG 17 (Plate 3).

The‘Glbrieta Sandstone.in this paper will be divided
into three units for the purpose of discussion. The three
units are separated by two thin silty claystone layers
(RG 33 and RG 65b). The basis for this division is the
presence of the claystones and the change in thickness
of bedding among the three units shown in Figure 9.

Folk (1968) recognizes four stages in the textural
maturity of clastic sediments on the basis of physical
properties: immature, submature, mature and supermature.

The immature stage is characterized by over five per cent
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terrigenous c¢lay metrix; the submature by poor sorting

and under five per cent clay matrix; the mature by little

or no clay with well sorted sand grains; and the supermature
by little or no clay with Wéll sorted and well rounded

sahd grains. Plotting maturity of the Glorieta sediments
shows several cycles of immature to supermature sediments

(Plate 1). The relationship of textural maturity to

L)

of the

@]
ck

grain size is shown in Figure 10. 51.6 per cen

rains;

{f

thinsections studied contained largely fine sand

0

35 per cent contained nedium sand grains; 11.9 per cent
contained very fine sand sgrains; less than 2 per cent of
the thinsections contained coarse silt grains or coarse
sand grainsQ The one coarse silt in the Glorieta is
immature, and nedium sands are concentrated in the mature
and supermature stages of textural maturity.

The basal Glorieta (unit 1) consists of grayish
orange to very pale orange quartz arenites. 75 per cent
of the beds sanmpled are mature or supermature. Thin bedding
dominates the sequence. Grains range from fine to medium
in size. Three of the bedding units are bimodal in size
distribution. The sediments are very well to well sorted.
Grain shepes are based only on 0.1 mm grains as these are
found in almost every unit of the Glorieta. In the basal
Glorieta most of the graiﬁs are sub-angular to sub-rounded.
The relation of maturity to time is almost linear as one
goes up section in the lower Glorieta. Supermature

sediments give way to immature sediments with no major
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fluctuations. ,
.In the middle Glorietsa (unit 2), color and sandstone
classification varies. Mature and supermature quartsz
arenites constitute 65 per cent of the rocks in this
section; submature quartz arenites are 13.5 ver cent;
immature quartz arenites are 16 per cent. One quértz
wacke and one claystone are vresent. A 10 cm bed of
dismicrite occurs midway in this unit, Clay, quartsz,
and hematite form layers which are visible in hand specimen
in this limesione bed. Grayish orange, pale orange, white,
yellowish brown, and grayish purpie beds are dominant in
this part of the formation. Stylolites are common.
Bedding is relatively thicker with *hin layers in befween.
Cross beds are present in both the lower and middle Glorieta.
Current groove casts are also found. Weathering of round
knobs on sone bf the flatter surfaces suggests the presence-
of some intraformational conglomerates,
The grain size of the middle portion of the Glorieta

fluctuates from very fine to medium., The majority of

]

ange,

the thinsections show lithology in the fine size

OP

A series of eight hard-to-define c¢ycles golng from mature
to immature is evident from close analysis. These are
defined graphically in Plate 1. Softing in each cycle
generally goes from high to moderste Or poor. Rounding
varies from angular to well rounded and doces noti seen
to show relationship to the cycles.

Grayish orange and very pale orange quartz arenites
éharacterize the upper portion of the Glorieta (unit 3),

Supermature and mature beds constitute 56 per cent of this
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unit; submature and immature quaftz arenites are each 18
per cent; quartz wackes are 8 per cent. Most of the
supermature and mature beds are concentrated toward the
top. Relatively more thin and laminated beds are
characteristic of the upper unit than elsewhere.

Median grain size in the upper Glorieta falls in the
medium size range. Ill=defined cycles from mature to im-~
nature sedire nts are present in this unit. Sorting varies
from very good to moderate in moét cycles. Grains are
mainly well rounded in this unit of the Glorieta.

DETRITAL COMPONENTS OF THE GLORIET

When plotted on Folk's 1968 sandstane classification
triangle, almost all of the beds in the Glorieta fall into
the area reserved for quartz arenites. The per:cent
specific guartz generally falls between 98 and 100. There
are two exceptions. One is the silty claystone, RG €50,
which contained 9L per cent gquartz and egual amounts of
feldspar and rock fragments. The other exception is the
top exposed bed of the Glorieta. This unit falls into the
subarkose field of Folk's classification system.

Quartz grains in the Glorileta are both single and
composite. Single grains show straight to undulose
extinction. 4 few contain vacuoles, and in a few
tourmaline and rutile needles are present as inclusions.,

A brown or red clay stain is common. Fractured grains
with calcite in the fractures are present in some beds as

shown in Figure.11. Composite grains show both straight



and undulose extinction. Some composite grains are
equigranular; others are elongated and bimodal.
Overgrowth is common in most bedsy both as secondary

enlargement or

Figure 11. RG 31b. Quartz grain with fractures
filled with calcite.

Some of the quartz in the Glorieta is definitely
sedimentary. Reworked overgrowths are frequently found
( Figure 12).- Occasionally a grain will be stained
with a brown or red clay which contrasts sharply with

the cementing clay.

atz
overgrowth
Reworked |\
overgrowth

Figure 12a. Evidence for reworked overgrowth
overgrown a second time during
' diagenesis of the Glorieta. DNote
euhedral quartz overgrowth. RG 51,
12b, RG 78f. Evidence for reworked
overgrowth,
There is some controversy between Blatt (1967) and
Folk (1969) as to what characteristics, if arny, dis=-

tinguish metamorphic and igneous quartz, Blatt'!s
study suggests that quarﬁz released from schists

~apparently weathers 1o grains of the fine sand size




range; Quartz released from plutonic and gneissic rocks
falls into the range of coarse sand., Blatt suggests

that quartz grains which are composite, bimodal, elbngated,-
and with a preferred crystallographic orientation are
derived from a metamorphic source. He feels that quartz
grains showing strongly.undulose extinction ffom both
igneous and metamorphic rocks are selectively destroyed

by abrasion. His study shows no difference in‘degree of
undulatory extinction existing between plutonic and
gneissic rock types.

Folk, on the other hand, feels that strongly undulatory
quartz is an index of stretched metamorphic rocks and that
quartz grains with straight extinction have a plutonic
source. He is willing to accept as metamorphic quarti
those composite quartz grains of fine sand size which
have straight extinction and those sheared composite
quartz grains which contain elongated undulose members with
¢crenulate boundaries.

Most of the quartz in the Glorieta is of the single
Vgrain, straight to slightly undulose type. Folk would
say that the source was plutonic; Blatt would say that
the first-cycle fine quartz must be from a schistose
source. The question must be left open.

Composite grains of quartz in the Glorieta Sandstone
exhibit mainly straight extinction and straight boundaries.
This may be because of the small grain size. The grains

divide themselves into those which areequigranular and
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those which are elongated and bimodal. I will assume

that moét of the elongated and bimodal comvposite guartz grainé

are metamorphic. The source of the equigranular conposite

grains may be either plutonic or metamorphice. |
Feldspar fragments in the Glorieta Sandstone are

dominantly microcline and orthoclase. The grains of

microcline vary from angular to rounded, from altered

to overgrown, from fractured to whole.. Thekmajority

of the microcline fragments are fresh, unaltered, and

unweathered; Examples of these characteristics are

in Figure 1, Plate 11, and Figures 2, Plates 5 and 5, In

several cases quartz overgrowths have engulfed both

angular and embayed microcline, as shown in the sketches

of Figure 13,

Clay

Figure 13 a., RG 21. Angular microcline enclosed by
guartz overgrowth. :
13 b, RG 25b, Embayed microcline enclosed
by quartz overgrowth.
In general the grains of orthoclase are unaltered
and unweathered, However, most are clouded with bubbles
and some clouding is due to incipient alteration products.

A few grains clearly show cleavage (Plate 3, Figure 2;

Plate 5, Figure 1; Plate 6, Figures 1 and 2; Plate 7,
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PLATE L4:

Fig. 1: RG 92 Typical upper Glorieta, =x8. Crossed
nicols. Medium sandstone: siliceous super-
mature quartz arenite., Overgrown guartz.
Straight to undulose extinction. Well
compacted. Straight and concavo/convex
contacts. Beach deposit.

Fig. 2: RG 2% Evidence of pressure solution. x80.
Crossed nicols. Fine sandstone: highly
giliceous calcitic mature guartz arenite
showing pressure solution. Overgrown guartiz.
Clay and chert matrix. Sutured and mosailc
contacts. DBeach deposit. -Glorieta Sandstone.
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PLATE 5:

Fig. 1: RG 45 Stylolitic seaums of the Glorieta
Sandstone. x8. Plane polarized light.
Fine sandstone: siliceous clayey immature
gquartz arenite. Overgrown gquartiz. Orthoclase.
‘Angular microcline. Muscovite in clay cement.
Concavo/convex and sutured contacts.

Fig. 2: RG 71 HMicrocline encompassed by quartz
' overgrowth. x80. Crossed nicols. Very fine

sandstone: clayey immature guartz wacke.
Sub-rounded, sub-angular, and chemically
altered guartz. Rounded microcline grain
apparently overgrown by quartsz when the
grain was angular. Clay cement. Glorieta
Sandstone.
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PLATE 6:

Fig. 1:

Fig. 2:

RG 61 Muscovite in clay, Glorieta

Sandstone. %30, Plane DOlaTl”Gd light.
Medium sandstone: clayey immature quartz
arenite bordering on wacke. Chemically
attacked quartz. Orthoclase. Red clay.
Muscovite. Floating, tangential, and straight
contacts.

RG 65b Authigenic hematite octahedra and
aggregates in red and white clays. x8.
Plane polarized light. Silty claystone:
layers ofi hematitic and non-hematitic clay.
Angular guartz. Rounded orthocla se.
Hematite in octahedra and ag@weg tes.
Glorieta Sandstone.
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PLATE 7:

Fige 1

Fig. 2

RG 38 Primary clay matrix of the Glorieta
condstone. x80. Crossed nicols. Very

fine sandstone: clayey immature auartz wacke,
Sub-angular and chemically altered quartz.
Chemically altered orthoclase. Clay cement.

RG 7% Primary aquartz silt matrix of the
Glorieta Sandstone. %8, Crossed nicols.
Fine to very fine laminated sandstone:
immature quartz arenite. Sub-angular quartz.
Matrix of quartz silt. Evidence of pressure
solution in parts of the rock where this
matrix is not present.
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PLATE 8:

Fig. 1

Fig. 2

.
-

RG 3% Primary clay matrix in claystone of

the Glorieta Sandstone. x80. Plane polarized

light. Silty claystone. Angular silt.
Microcline.  Hematitic and white clay.

RG 55 Clay rims under quariz overgrowth.

x%x80. Crossed nicols. Hedium sandstone:

siliceous mature quartz arenite. Original
quartz grains outlined by clay rim. Beach
deposit of the Glorieta Sandstone.
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Figure 2: RG 55






deal rieta Sandstone containing
lica overgrowths. x8. Plane
rized 1light. Fine zandstone: clayey
ﬂﬁu\‘ quarts arenite. Overgrown gquartz
with straight to undulose extinction.

Microeline grains. Clay cement. Straight,
concave/convex centacts., Beach deD081t.

ki 780 Lecrystallized calcite rhomb. %80.
Piane polarized light, Fine sandstone:
calcitic bimodal nature quartz arenite.
Hematite outlines rhoumb. Chemically altered
quartz. Floating grains. Glorieta Sandstone.
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PLATE 9:

Figure 2: RC 768b
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PLATE 10:

Fig, 1: RG 50b Hematite in pore spaces and in calcite
cement. =x8. Plane polarized light. TFine
sandstone: calcitic mature guartz arenite,
Sub-rounded guartz. Hematite in rores,
detrital, and as soots in calcite. Orthoclase
altered oy calcite. Unidentified fra gment in
-center, birefringence masked by bhown color.
Ca101te DOlkllob'a«vlc wedges quartz.
Glorieta Sandstone.

Fige 2: RG 94 Hematite concretion in th
Sandstone. %8, Plane polarize l
Fine sandstone: =i ilicecus superna
quartz arenite. Hematite COuC”mtl
by calcite cerent, Quartz grains

ghp

surrounded

e G
i
t
on
floating to
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L
tangential in area of concrebvop. Beach
deposit,
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PLATE 11:

Fig. 1

Fig. 2

-
-

RG 1004 Uppermost bed of the Glorieta Sandsione,
%8 rossed nicols. Fine to very fine sandstone:

Ccalcitic vimodel mature subarkose. Sub=rounded

to sub-ancular auartz. Weathered orthoclase,.
2 - ; )
Rounded microcline. Calcite cement.

RSA 1 Lower San Andres Limestone. x8.

Plane polarized lignht. Dismicrite showing
silt-sized quartz and hematite-stained cracks.
Grains and aggregates of hematite.
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Figure 1; and Plate 11, Figure 1). The upper beds of the

Glorieta contaln noticeably altered and ewbayed orthoclase

in contrast to the lower beds (Figure 14). Overgrowths of

feldspar are abundant throughout.
Perthite also occurs in the Gloriet ta, but it is

not as abundant as microcline and orthoclase.

Plagioclase of approximately the sane corposition

as that in the upper Yeso Formation, An-lz, dis found in
the middle Giorieta. In addition, plagioclase fragments
in the range An-60 to An-70 are present.

Among accessory detrital minerals of the Glorieta

are hornblende grains. The mineral is vpleochroic from

iy

clear to brown, from brown to gold, or from pale green

to 30 degrees.

p
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to olive brown. Extinction va

Birefringence is masked by the brown color or around
O

e
0

d
upper second order, a bright blue. Relief high.

Grains of hornblende are elongated and rounded.

Pleochroic grains of green epidote occur throughout
the middle and upper Glorieta. Extinction is parallel to
the direction of cleavage. Birefringence is middle to
lower second order. Relief is high. Grains are prismatic
and angular. - |

~Zircon fragments in the Gldrieta Sandstone vary in
shape from elliptical grains to grains which retain the
prismatic terminations. The former are more common. In

reflected light the mineral is colorless or light yellow

with high relief. Zircon appears to be more common in



Orthoclase-

Hematitic Clay_

Figure 14, RG 100a, Calcite etching of orthoclase.
Note authigenic overgrowth of orthoclase
containing spots of calcite.

the lower Glorieta.

Three types of tourmaline occur in the Glorieta.
Alkalil tourmaline occurs as rounded to sub-rounded grains
which are colorless under reflected light. Birefringence
is lower first order. Tuere are two types of iron tour-
maline. The first is prleochroic from yellow to olive
and occurs as prismatic sub-rounded crystals. Birefringence
is second order yellow. The Second tourmaline is pleochroic
from pale green to olive brown. Grains range from very
well rounded to sub-angular. Birefringence is upper
second order blues and greens, All the tourmalines
exhibit extinction parallel to the long axis. Irregular
fractures are present in sone,

Garnet occurs in the Glorieta as irregularly shaped
grains exhibiting very high relief and irregular fractures.,
The grains are clear under reflected light and isotropic
under crossed nicols. Only a few grains were found in the
present study,

Leucoxene was not found in thinsection as often as
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Huntington found it in his study. Only one clesrly
identified isotropic grain was noted in a thinsection
from the middle Glorieta.

Opague detritals of the Glorieta include ilmenite,

nagnetite, hematite, and possibly limonite. Ilmenite

Magnetite is steel black cubes or agéregates concentrated
‘mainly in the middle Gloriesta. Hematite and unidentified
iron oxides appear to be mainly authigenic and pefsistent
throughout the formation. A few individual grains or
aggregates may be detrital,

Muscovite occurs in the Glorieta as flakes less than
one mm in lengfh. In every case, the muscovite 1s associated

eports that

3

with or engulfed by clay. Krauskepf (1967)
very tiny flakes of nmuscovite may be formed from kaolinite

in soils or shales even at ordinary temperatures. These

ct

flakes may also be the weathering products of schistes or
igneous rocks.
DETRITAL RCCK FRAGMENTS OF THE GLORIETA
The major rock types found in the Glorieté at the
type sectlon are igneous rock, chert, and schist fragments,
Sparse fragments of slate or shale and phyllite also
occur in the mi@dle and upper portion of the Glorieta.
In three thinsections pieces of chalcedony are preseat.
; Fragments of brown claystone occur throughout the entire
“ formation. Red claystone occurs sparinglj in the

middle and upper Glorieta. Limestone rock fragnments




are assumed to have been present at the tiﬁe of deposition.
Igneous rock fragments of various kinds are the most

common of rock detritals. Dark brown, light brown,

reddish brown, brown, gray, and green fragments with

ioclase laths occur in the Glorieta. In addition

he}
}_l
)
(51
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there are micaceous rock fragments which may be either
lgneous or netamorphic.
Fragments of schists and phyllites apoear consistently

throughout the Glorieta Sandstone. Most are angul

)
&

grains with -small golden flecks under crossed nicols.,
Some contain quartz. The flecks contain only a hint

of orientation usually, and are too small to be identified

petrographically. Schistose fragmnents are tentatively
distinguished from igneous by the lack of plagioclase
laths.

PRIMARY MATRIX OF THE GLORIETA SANDSTONE
0

Lo

the thinsections studied, 38.8 per cent are
cemented dominantly by silica; 35 per cent are cemented
by carbonate; and 26.2 per cent are cemented by clay

and hematite. Volumetrically, carbonate is probably

more abundant than silica because it cements some of the
thicker sedimentary units and also because the per cent
total rock is higher than the per cent total rock of
silica cement. Volumetrically clay is probably the least
dominant cement because clayey units are generally

thin, but it also is the most persistent cement. Clay



rinms uﬁéer silica overgrowths or clay in carbonate is
found in almost every thinséction where clay is not the
dominant cement.
The three types of cements in the Glorieta may'
be divided into primary matrix and authigenic cenments.
Primary matrix is defined as the clay or the smallest
of bimodal detrital components which are produced during
sedimentation. An example of the small granular detrital
element of nrlwavj matrix is shown in Plate 7, Figure
2o These coarse silt- sized particles apparenuly flllﬂd
cracks and pores of the Glorieta as it was bpeing deposited.
None of the clays in the Glorieta are observed to form
at risght angles to detrital grains. It is therefore
assumed that the clays are primarcy {(detrital) rather
than authigenic. Rarely clay is found etching quartz.
The content of clay in the formation ranges from |
82 per cent total rock in a claystone to negligible in
gquartz arenites. Clay rins are common in quartz arenites
(Plate L, Figure 1; Plate 8, Figure 2). When stained with
benzedine dihydrochloride, the najority of clayey beds
showed the brilliant blue color of montmorillonite. A
few beds turned a light blue-green with the staln, these
beds probably contain mixed layer i11lite-montmorillonite
clays or a potassium rich montmorillonite. Thé clays
of RG 38 and RG 71 showed no reaction_with the stain,
In thinsection, these clays consist of bright whitish

yellowish flakes. This fits Folk's description of illite
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or sericite, but the presence of kaolinite or a non-
reactive montmorillonite must not be ruled out.
AUTHIGENIC CEMEﬁTS

Authigenié cements of the.Glorieta may be divided
into those that formed penecontemporaneously or soon
after deposition and those that formed somewhat later
during diagenesis. The ones which I ﬁelieve precipitated
soon after deposition.are chert, chalceﬁony, and sone
calcite. Cements which formed during diagenesis include
calcite, silica, feldspar, and hematite.

Chert and chalcedony are‘found in pore spaces and
intricately associated with clays of the Glorieta.
Chalcedony is relatively rare; chert is more common
bﬁt never as abundant as the cement of silica ovefgrowth.
A sketch of grain, clay, and chert relationships is

shown below.

Figure 15. RG 61. Chert cementing clay rimmed
quartz.

Microcrystalline calcite which was apparently formed
penecontemporaneously with deposition of the Glorieta
Occurs at the base of the middle Glorieta and in the

top beds of the Glorieta. There is no recrystallization.
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Eisewhere célcite has been recrystallized during
diagenesis, both with and without wedging. 1In places
the calcite is recrystallized into large poikiloblastic
grains enclosing severai quartz fragments (Plate 3,
Figure 2). 1In the middle and upper Glorieta the calcite
reorystallized into rhombs outlined by hematitic clay
and still containing enclosegd quartz fragments (Plate
9, Figure 2),

Another occurrence of orthochemical calcite is in
vore spaces of the Gloriesta, Thisvcalcite may have
formed relatively recently in the diagenetic history due
to infiltration from the overlying San Andres Limestone;
It is found as a spotty cement ﬁhroughout the Glorieta.

hroughout the Glorieta

o

Silica overgrowths are profuse
in beds not dominated by clay matrix. Obvious reworked:

overgrowths are present and overgrown in their turn.

19}

(Figure 12). At another extreme are quartz grain
overgrown with single or double terminations (Figure 15).
In the upper Glorieta guartz overgrowths apparently formed
after calecite precipitated (Figure 17); in other parts of
the formation the relationship is not 50 clear, There
are tﬁo Possible sources of silica Cement in the Glorieta.
One is pressure solution. There is evidence for this in

th

®

stylolites, sutured grains, and quartz overgrowths

present in many beds (Plate L, Figures 1 and 2; Plate 5,

Figure 1), The other is sllica from an exterior source
= .

trapred interstitially in bores oI the formation.
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Guartz
overgrowth

Figure 16a. RG 43, FEuhedral quartiz overgrowth.

16b, 8G 72c. Doubly terminated quartz
overgrowth,

Ouartz overgrowth
Calcite

Figure 17. RG 100b. Straight sided quartz
' overgrowth implying that the calcite
was present when the overgrowth
occurred. '
Feldspar overgrowths are found filling pore space
next to feldspar Figure 18) or as overgrowths over a

clay rim (Figure 14).

Microcline =

Figure 18, RG 4lc. Authigenic microcline.

Hematite is present in the Glorieta in many forms.

It acts as a cement filling pore spaces or forming
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concretions which cement a group of quartz grains

Plate 10, Figures 1 and 2). In addition, hematite
is present in disseminated form in some clays and most
calcite and as irregular aggregates in these cements.
(Plate 6, Figﬁres 1 and 2; Plate 9, Figure 9). Hematite
replaces magnetite, forming cubes which are bleod red
under crossed nicols, It is very difficult in most
cases to ascertain the exact place of hematite in the
sequence of diagenetic events. There is evidence that
the hematite etches quartz (Figure 19 ). There is
also evidence that it precipitates after calcite

(Figure 20).

Figure 19. RG 25a. Hematite etching quartz.

Hematite

. Figure 20. RG 39a. Straight boundary between
‘ hematite and calcite infers that
calcite precipitated first.
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ORTHOCHEMICAL ROCKS

Orthochemical rocks at the type section of the

Glorieta include two dismicrite units in the upper Yeso

Formation, a thin (1 cm) micrite in the middle Glorieta,
and the San Andres Limestone. These units and some of

% the calcitic quartz arenites in the Glorieta were stainéﬁ

; with alizarin red and a mixture of alizarin red/potassium
ferricyanide. All of the rocks stained as ferrous calcite.
; : Yéso limestones are characterized by light gray

color and thin to very thin bedding. Quartz silt

and disseﬁinated'iron oxide are present in both units.

The lower unit contains pseudd-ocolites and an abundance

s b AR R et B 2

of eye-shaped vugs. In the lower part of the unit, the
vugs are rfilled by calcite spar. In the upper portion of the
unit, the vugs‘are open or only lined with calcite. The
top of the unit consists of approximately L0 per cent
calcite—~lined vugs.

The base of the upper Yeso limestone unit b@rdérs on
a calcitic siltstone. This basal portion is distinctive for
its pale red color and small scale cross bedding. A
micro-fault is seen on the slabbed surface of the hand
specimen. Fragments of quartz, microcline, An-Le, magnetite,
nematite, hornmblende, muscovite, and zircon are present.
An upper layer of this red portion consists of approximately
30 per cent unfilled vugs.

Above the vuggy layer is a light gray siliy dismicrite.

This unit contains the eye-shaped vugs typical oi the
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Yeso linmestones.

The limestone unit of the middle Glorieta, RG 53,

is a pale yellowish orange clayey dismicrite. Quartz

and iron oxide are present. in the clayey layers, giving
the rock a laminated appearance. The sandstone unit
beiow this limestone consists of a fine sand cemented
by silica and showing evidence of pressure solution.

a calcitic

[

The sandstone unit above RG 53 consists o

maccur

©

bi:odal Tine to very fine sandstone. Rounded
detrital carboﬁate grains in this unit are outlined by
hematitic clay.

The basal beds of the San fAndres Limestone consist

of thin lenses of silty dismicrites and calcitic guart

3

ray in hand speciren.
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Calcitic guartz arenites are pinkish gray. Silt=sized
quartz is angular; fine sand sized guartz is ofteﬁ
rounded. Iron oxides occur as fuzzy aggregates. Hematite
stains cracks which appear in the pure micrite and silty
nicrite lenses (Figure 8 and Plate 11, Figure 2). Microcline
and orthociase‘fragments are present. Pseudo-ocolites cccur
in ‘sandy layers of the limestone (Plate 12, Figure 1). Veins
and eye=-shaped ?ugs are commonly filled with sparry calcite.
The upper portion of the Saﬁ Andres Limésuone consists
of.clayey dismicrites displaying bedding froﬁ platey to
Very thin. Color raznges from light brownish gray to
grayish orange. Hagnetite, hematite, and clay are

vresent throughout. Dissolution by acetic and dilute
I 5 y
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PLATE 12:

Fig., 2:

RSA 2a Pseudo-oclites of the San Andres
Limestone. x8. Plane polarized light.
Possible fossil fragment. Centers of pseudo-
oolites recrystallized to spar in some cases,

RSA 4i Dismicritic texture of the upper

" San Andres Limestone. x8. Plane polarize

light. Clayey dismicrite. Calcite . layer and
recrystallized eyes characteristic of the
upper San Andres. <Color is extremely dark.
orange in reflected light; clay is present

in disseminated forn.
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hydrocﬁloric acids revealed that hydrocarbohs are present
in some bveds of this upper portion. Sparry calcite

also appears im  round or eye-shaped Vugs'and in thin
horizontal laminations (Plate 12, Figure 2). In

the upper layers most of the vugs are unfilled.

DIAGENESIS

The diagenetic history of the Glorieta Sandstone
extends through several geologic periods and at least
one major orogeny, the Laramide. The diagenesis is
therefore complex and thoroughly enmeshea in time.
Nevertheless, some conclu81ons may be reached about the
diagenesis from petrographic evidence.

Evidence of packing and compaction nay be seen in
the crowding of grains in all samplés except those which
contain abundant carbonate cement or clay matrix.
Floating and tangential contacts are found in the latter
sandstone units, perhaps because a primary matrix or
fluid acted as a cushion during compaction. As shown
in Figure 21, the dominant grain contact in the Glorieta
is straight sided. These contacts occur with fluid
expulsion and better packing due to compaction. Further
packing results in pressure solution at grain contacts
and the formation of concavo/convex, sutured, and finally
mosaic contacts. Concavo/convex and sutured contacts
are found in subordinate amounts in fine and medium sand
size ranges in the Glorieta. The presence of various

typns of contacts points out the basic inhomogeneity of



72

hydrocﬁloric acids revealed that hydrccarbons are present
in some beds of this upper portion. Svarry calcite

also appears in  round or eye-shaped vugs and in thin

. In

horizontal laminations (Plate 12, Figure 2

~

the upver layers most of the vugs are unfilled.
DIAGENESIS

The diagenetic history of the Glorieta Sandstone
extends through several geologic periods and at least
one major orosgeny, the Laramide. The diagenesis is
therefore complex and thoroughly enmeshed in time.
Nevertheless, sonme conclusions may be reached about the
diagenesis from petrographic evidence.

Evidence of packing and compaction may be seen in
the crowding of grains in all samples excgpt those which
contain abundant carbonate cement or clay matrix.
Floating and tangential contacts are found in the latter
sandstone units, perhaps because a primary matrix or
fluid acted as a cushion during compaction. As shown
in Figure 21, the dominant grain contact in the Glorieta
is straight sided. These contacts occuf with fluid
expulsion and better packing due to compaction. rurther
packing results in pressure solution at grain contacts
and the formation of concavo/convex, sutured, and finally
mosaic contacts. Concavo/convex and sutured contacts
are found in subordinate amounts in fine and medium sand
size ranges in the Glorieta. The presence of various

types of contacts points out the basic inhomogeneity of
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Medium sands

507 50
F T § ¢/ Su M F T S ¢/ Su M
Grain contacts ' Grain contacts
Fine sands
50-
F T S C/C Su M
Grain contacts
- Very fine sands . Coarse silt
507 507
— S—

¥ T S C/C Su
Grain contacts

M

F T S8 ¢/ Su M
Grain contacts

Figure 21: Relationship of zrain size to grain contacts.
Abbreviations are given in Appendix, Histogran
scale 1s 1:1 with measured intervals.




the rock. The effects of packing and compaction seem

“totally random in any given sandsime unit.

CEMENTATION
Clay and iron oxide films are common on guartz,
orthoclase, and limestone fragments in the Glorieta.

ilms were evidently formed before other diagenetic

=y

These
processes. The rims on recrystzllized calcite rhombs,
however, must have occurred sometime after or during
compaction. HMuch of the hematite in the Glorleta appears
to be authigenic.

Silica overgrowths in the Glorieta are profuse.

‘ The overgrowth occurred mainly during compaction of the
& - &) i -

(oh]

formation, filling pore space and blocking porosity.

In many beds the cementing by silica is spotty, leaving
some pores unblocked or f£illed with calcite or clay.

In a few beds overgrowth is Viftually nonexistent.

These are the siltstones and sandstones dominated by

clay or carbonate cement.
There appear to be two sources of the secondary

silica in the Glorieta. One was the pressure solution

D

which occurred during compaction of the Glorieta.

A second was silica trapped in the interstitial pore
waters at the time of or shortly after deposition.
The presence of overgrowtihs forming crystal faces on

the quartz suggests this source. Such overgrowths are

formed before much compaction takes place (Rapson,

1964). Recent geochemical studies shed sone
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" light dnlthis problem.

f Wollast and De Broeu (1970) have studied the change
in dissolved silica content of the Scheldt estuary. They
wanted to prbvide some insight as to why oceans have
such a low silica content (ave. 5 ppr) compared to the
rivers that feed them (13 ppn). Their study strongly
suggests that when dissolved silica reaches saline waters
where diatoms.normally live, the diatoms consuue the

~silica, Upon the death of the diatoms, the shells are
deposited with sediment and later redissolved in the
iﬁterstitial nores. The‘chemical requirenents for this

'situation would be moderate to high salinity and high
alkalinity. The interétitial silica content is evidently

kaolinite

LY

kept to an equilibrium value in the presence o
by the formatibn of a nore siliceoﬁs clay. In the absence
of kaolinite, the silica from diaton shells would accumulate
until pressure would cause evacuation upwvard or chemical
conditions would become such that precipitation could

é occur (Wollast and De Broeu, 1970).

é | The reaction by which kaolinite would contirol the

§ ‘ dissolved silicarcontent of interstitial waters is as

follows:

{ kaolinite + dissolved silica + alkaline or alkeline-—
. . - .. L+
earth ions —>illites, montmorillpnites + xH , O
chlorites (Wollast and De Broeu, 1970).
Previously it was stated that clays which precipitate

in the basin of deposition would form at right angles to
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grain surfaces. Clays in the Glorieta do not exhibit this

characteristic. However, there is no evidence that clays

which form by the equation stated above would align

perpendicular to grain suriaces. Therefore it 1s possible
that the source of the monimorillonites may be either
alteration of kaolinite clays, weathering from previous
sediméntary units, or winnowing by waves from ofishore
marine sediments. For the moment I would like to follow
the conjecture that the montmorillonites were Tormed
mainly by alteration of kaolinite.

First I would like to assume optimum conditions for
the dissolving of diatom shells in interstitial pores.
This would mean moderate to high éalinity and high
alkalinity. Experiments on pressure solultion have revealed
two very relevant facts. One, the more saline the
formational water, the more pressure solution occurs.
Two, simultaneous pressure and quartz overgrowth have
been found experimentally only in alkaline solutions
{0 (Renton, et al., 1969). From this experimental evidence
and the abundance of silica overgrowths in the Glbrieta,
I feel that these first two conditions were met in this
formation.

Next I will assume that the original clay in the
§ Glorieta was kaolinite, and that it altered to montmorillonite.
As can be seen from the equation on page'75, this
reaction would increase the acidity of the intraformational

water. It is generally agreed that at 25°C the solubility

& it NN s S e e
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of silica increases with a PH greater than 9 (Krauskopf,
1967; Stumm and Morgan; 1970). As the pd is lowered,
it is possible for silica to precipitate., This would
account for the guartsz overgrowths which formed crystal
faces in the Glorieta before compaction.,

| Whether or not the kaolinite-to~montmorillonite
reaction is the correct mechanisn for lowering the oH
and causing silica to precipitate must be left open to
question. It is also Possible that the clays reached the
Giorieta as detrital montmorillonite. Micro-organisms
could then have lowered the pH, and the same effect would
be achieved.

The second most important reaction taking place in
the oH range of alkaline to less than § is that which
forms calcite. All of the calcite in the Glorieta
Sandstone approaches ankerite in composition. For a
system at 25°C and total carbonate concentration less than
10_3 M, ferrous calcite is stable below a pH of 10 (Stumnm
and Morgan, 1970). This would.mean that ferrous calcite
could precipitate before quartz as the pH was lowered.
Evidence for this situation is Seen In Figure 17. tched
quartz grains and etched overgrowths provide evidence
that the pH rose again above 9 after silica overgrowths
had precipitated.

Cementation by carbonate may be produced by precipitafion
in the basin of deposition, by solution of fossil fragments

or detrital grains, or by introduction late in diagenesis.
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Calcite in the Glorieta Sandstone was produced by all
three methods at different times in the diagenesis of
this formation.

Calcite which precipitated in the basin of deposition
without apparent wedging of grains is present in the
uppernost beds of the Glorieta (RG 100a~1OQd). Thé

ing detrital clay minerals.

ct

calcite precipitated incorpora

Ca

Calcite which vrecipitated in the basin of depesition
and destroyed the grain-supported framework by crystallization
and volume expansion is found in lower beds of the Giorieﬁa.
Beds RG 30-32 contain calcite which expanded in interstitial
pores and in porous or fractured quartz grains. Beds
RG 82-83 contain calcite which expanded in pores only.

An example of the calcite which rrecipitated as a
part of dual events without grain wedging is the micro-
crystalline calcite found spottled in beds previcusliy
overgrown with silica. This calcite was probably introduced

late in the diagenetic history of the Glorieta. Calcite

of this type is found in beds RG 21-23, 34=35, L8-52,

63~64, and 80.

A second exémple of carbonate cementation as a part
of dual events is found in beds RG 54 and RG GLa.
Allochemical limestone fragments mixed witn detrital quartz
grains are welded togethér by a calcite cement in these
units, one of which overlies the thin micrite layer of
the Glorieta. The source of limesione fragments in RG &4

is unknown. It is probable that solution of limestone
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fragments provided most of the calcite cement in the iower
and middle Glorieta. Large poikiloblastic crystals of
carbonate are probably the result of this solution. Thesg
crystals are found in the lowermost Glorieta (RG 17-20)
and in RG 50-60C. Point counts of thinsections of these
rock units reveal that the carbonate content is between
17 and 21 per cent of the total rock. The cementation
apparently tock place after silica overgrowth,
RECRYSTALLIZATI ¥, ETCHING, AND REPLACEMEN

Recrystallization of carbonate is evidenced by
distinct rhombs outlined by iron oxide. Two major
causes of recrystallization are recognized. OQOne is
chemical stabilization. The second is crystal reorganization
due to increaéed compactive pressure (Rapson, 19464). The
fact that all the carbonates stained‘as calcite suggests

that crystal reorganization is the major reason for

(@]

alcite etching of quartz, orthoclase, and wmicrocline
is rarely found in the Glorieta. It is difficult to place
the etching in the sequence of diasgenetic events. However,
silica and orthbclase overgrowths are occasionally etched,
lmplying that calcite reactions with these grains

tobk place late in the diagenetic history of the Glorieta.
In instances where reworked overgrowths are etched as in
the upper Glorieta there is no indication of when the

reaction occurred.

The replacement of magnetite octahedra by hematite
P jw}




occurs under oxidizing conditions by the followihg reaction:

2 Fez0, + 2 G Fey045 + H,0 + 2 &7

(magnetite) (hematite)

As can be seen from this equation, the pH nust be
alkaline for hematite to'form. Oxidation is ez tvemely
slow below a pH of 6 (Stumm and Morgan, 1970). The
relative time of replacement in the Glorieta Sandstone
is not known.

AUTHIGENIC MIKERALS

Hematite cement occurs as a precipitate in pore
spaces and in hematite-rich clays. Studies bty Van Houten,
(1968) indicate that the latter occurrence is due to the
aging or hydration of amorphous or dehydrated ferric
oxide pigment present in muds at the fime of deposition.
The source of the precipitate may be ig situ alteration
of iron silicates or alteration of magnetite (Van Houten,
1968).

The precipitation of iron_(III) oxide is sﬁrongly
dependeﬁt on the concentration of OH  ions and the
bresence of organic material. ITons of OH™ show strong
affinity for Fe+3. A decrease in CH concentration in
an oxidizing environment leads to precipitation of FGEOB'
At some point in the diagenesis of the Glorieta, the
iron~bearing formation waters must have become acid
enough to precipitate hematite.

Muscov1te also may have been precipitated

authlgenlcaWIy in units deficient in dissolved silica.
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The reaction for this is as fbllows:

3 kaolinite + 2 K c===2 mica + 2 H + 3 H,0

Equilibrium depends on the ratic of potassium ion
to hydrogen ion. Estimated values of K+7 H+'which favor
formation of miéa at ordinary temperatures are in the
general range of ground and surface waters which have
been in contact with feldspar-bearing rocks. The
crystallization of muscovite could have occurred during
compaction of the Gloriets, or it may have been inherited

from the distributive area.

DEDUCTIONS FROM ZVIDENCE OF DIAGENESIS

The diagenesis of sedimentary rocks is the product
of particular physical-chemical conditions existing at
the time of and after deposition. A record of these
conditions is left by grain relationships and by certain
auihigenic index minerals such as silica, iron oxides,
and iron-rich calcite. Table 1 is a summary of the
physical-chemical conditions existing from the time of
deposition of the Glorieta to the present day.

High to nmoderate salinity and a high alkalinity
are assumed in the Glorieta at the time of deposition.
These conditions resulted in the solution of silica
and pessibly the precipitation of calcite. Some of
the etching of quartz grainé may have occurred

at this time. Clay and iron oxide particles

began adhering to detrital grain surfaces in this very




*saxod TeT2TAS
*oTATSs0d  ~g9qUT UT UOTINTOS

*JI99BM . ‘ Jutyoye zaaend UT ®»oTTTS and
MOTTEYS POIOTJILSSI *6 < jpd ‘Lyturtes *93TOTED SNOJIJST 07 STTOUS WOLTTD
3 ATAUITTIS *ouU0Zz aJouy UYSTY 03 @3veIapo) JO u0oT3e}TAdTo8dd pwop 10 JUTATOSSTI °S

*uoTivyTdroead-0o pue
sfe1o uo uoTadIospe
£q osTv fswmojetp 10
£9TATIO0® TROTZOTOTq
01 enp ATurz=u
*Jo1em Usaal *RqTUTTRS . ‘ UOTANTOS WOIT
U3 T XTUW sJojem sUTTRS U3TY 01 928I9p0) BOTTTS JO TRAOWDY °*2

SJI010vI TeoTweyn *g

*uoTInTog aanggsad
WOJJ BITTTIS

*UOTABITITUATT pTde *XTJIrew zaxenb puw Jo uoTqeatdrosad
*UOTABTNUNDOR QUSWTPas *FutpeoT pTdey sSAeTo Aq pPeqTqIYUT YATH QAUSIINOUOD
KROT 03 938d9poj] *sanssoaad ©3vIOPOJ h uoT1oedwo)y UOT10edwod ©1vJI9POK *9
*g1pTnUMooR
§90aN0S TETI1SoIJI7
puB 8JI0USIIO . *LeTd o3
WoJII sLeTd TraTJILOp SoJoUpe 9PTXO UOJIT
UOTYM UT BU0Z 8J0Yg pue L£e[2 O0TQSeTD *{
(sexod : SJ032eI TedTsAug *v
TeTITEISIS4UT UT) ,
DMNEIWNNOE TANT JHTWNOUTANT CNERHOI T ANTOUDTIH ENHHNOHEIANEOHD VI
AEVILNIRIQIS TVOIHITHDOOISAId NI SISHNIDVICQ NI STISHUNEDVIC

-qoded sTUL pue ‘(0461
uedI0N pue wmnig ‘(1261) neoag og pUE 3SvTTOH JO I0M £g POTITPOW “(7961) uosdey
mwogy pejdepy *JUOWUOITAUS TeuoT4Tsodsp 03 sossed0ad 9T22UsTRTID JO drtysuctyetey :l 9Tq®I




83

*UOTREWIOT UINOIYY
soqeT0oIed Ja3ep

_ *oangssad
912J8PO] *USPJINGIBAO
gagesJout SutpeoTl pidey

*SI02BM USOJ]
Y3 TM 90USUTIUOD
UT SJI91em auTTey

*3U0Z OJI0YUY

ATV LIENIQES

*ouTTeNTe LATUITH

“OUTTEHTY

*FUTZTPTXO LATJuoIzg
‘6 > nd

*faTUuTTRNIR
Ut 8s¥dJI039(]

TYOTHTHOO0ISAHA

*SUCTANTOS TBUOTA
~2UJI0IRIIUT WOIT
94 TOTEO UOTI-UOJT
- Jo uotaeatdrosad

*9qTqowSY
£g peurTIino
FQUONJ 0QUT

uoT3oedwucd Juranp

SazTTIReIeLI0ed
81RrU0qIr)

*o3TyeHoY
JO uoTaeaTdTosad
TEOTTTS
30 uoTyertdroadyg

*quosaad
S0 THO TTTIOW U
TerTa3eq

*51TOTRD SNOJIIST
Jo uotieztdroaag °gQ

*UOTIRZTTTRITLIDON */

*SUANOIZIBA0

zZaJenb polvuTLIo)

S® BOTTTS owOosS
10 woT1eyTdTo0Id *6

* 92 TUO TTTIOWATIOW

03 91TUTTO®Y

JO UOT}vBI01TR
aTqQTssod *%

*au0o ‘saogowvl TeOTWOUD °g

INFHHOETANIOID TN

INTHEON T ANTOMOVH
quoo ‘| aTqey]




e P Stk et TR R AT 5

R B g i i A2

8L

early slare of diagenesis.

A decrease in alkalinity due either to chemical
reactions, adsorption by clays, or microbiological activity
then caused silica to precipitate as doubly'and singly
terninated quartz overgrowths., This decrease in alkalinity

allovied the continuocus precipitation of Brrous calcite

and possibly the beginning of the precipitation of hematite

4

cement. The pH must have been Wess than 9, and the
conditions oxidizing.

Load pressure aiter this veriod in diagenesis then

aused the pressure solution which yielded quartz overgrowths

throughout the formation. During compaction the carbopate
in units dominantly cemented by célcite recrystallized
into rhombs ouitlined by iron oxide.

The final event in this sequence was the introduction
of calcite late in diagenesis. One source of this latest
cement was probably the overlying San Andres Limestone.

A second souxrce may have been dissolution of detrital’
carbonate grains in the Glorieta. Vhatever the source,
highly alkeline calcite-bearing waters must have percolated
through varts of the Glorieta. Viedging between overgrown
quartz and etching of quartz overgrowths by calcite suggest
that at least locally the pH of formation waters rose

above 9 ariter the nmajor precipitation of silica from
pressure solution.

The preceeding sequence of events is postulated for

almost all of the bedding units in the Glorieta. Units
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nigh in clay matrix would be affected only by factors
1’.4, and 6 on Table 1. Upper carbonate uniis of the
Glorieta Sandstone would be affected only by factors
1 and 3.

ractured quartz grains and straight grain contacts
lead to two further deductions about the diagenesis of
the Glorieta. DExperiments on pressure solution have shown
that with very rapid loading or with a lack of formation
water, fractures form in the quartz (Renton, et al., 1969).
The presencé of fluids in the Glorieta is azsumed due to
abundant overgrowth. Therefore the only plausible
explanation for fractured grains is rapid loading. This
would be expected with deposition of terrestrial beds
such as the conglomerate at the base of the Santa Rosa
Sandstone. The straight grain contacts dominant in the
Glorieta suggest that although loading was raplid, pressure

was only moderate.

DEDUCTICHS ABOUT PROVENANCE FROM DETRITAL COMPONENTS

The stratigraphy of the Glorieta Sandstone in the
area of the type section has been worked out by Johnson
(1969), Budding (in press), and Read, et al. (194L4).
Tanner (1963) has described depositional features. I
would like to stress only two things from these articles.
One, north of the type section in the Glorieta quadrangle,
the Glorieta Sandstone is comparatively coarser than at

+ . o . - . - ] LI
the type section. Pebble beds in the Glorieta of this
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area contain quartz, chert, and rare limestone fragments
(Budding, in press). Two, still farther north in the
Sangre de Cristo Mountains, there is no Glorieta to be
found (Miller, et al., 1963). The Glorieta appears to
have been intertongued with redbeds of the Sangre de
Cristo Formation and later eroded from the area.

Northeast~-southwest current directions taken fron
cross beds and the presence of equivalent red beds to
the north suggest a source area in this direction,
possibly the Ancestral Rocky Mountain uplift. Detrital
fragments support this supposition.

Sedimentary rock fragments include chert, limestone,

chalcedony, red and brown claystone. Limestone and red

ct
0)
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claystone froguents suggest the reworking of parts of
the underlying Yeso Formation. Fine sized quartz grains
may also have been reworked from this formation. Possible
sources_for limestone and chert fragments include the
Terrerc Formation and upper portions of the Pennsylvanian
La Pasada and Alamitos Formations (Miller, et al., 1963).
Brown claystone and sandstones are found in the La‘Pasada
and Alamitos Formations; Quartz overgrowth is found in
both of these formations. It is not known if quartz
from the Sangre de Cristo Formation contains overgrowths,
Acid igneous rock sources are indicated by the
presence of igneous fragments in the Glorieta. Baslc

igneous rock fragments are also found. Metamorphic

sources include schists, slates, and phyllites. Possibly
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some of the elongated composite quartz with several
sizes of crystal units may have come from gneisses as
well as schists. ‘

Possible sources of metamorphic and igneous rock
fragments in north central New Mexico include the
Precambrian Vadito Formation, Precambrian granitesrand
pegmatites, dixes, and amphibolites. Gabbroic dikes
contain plagiloclase of the composition An-30 to An-L5
such as 1s found in the Glorieta. Epidote, bright

blue-green hornblende, and andesine plagioclase are found

“in amphibolites in the Glorileta guadrangle., In this area

is also found an augen amphibolite containing plagloclase
of composition An-60 to An-70 (Budding, in press);

These would sccount for all the plagioclase and igneous
or metamorphic rock fragments found in the Glorieta at
the type section. However, peculiar conditions woulad
have had to exist at the time of deposition for north
central New Mexico to have been the sole source of
detrital fragments in the Glorieta, assuming that
highlands exlisted at this time.

Recent studies of the east coast of the United
States and the west coast of Mexico have shown that almost
one healf of the sediments of the barrier beaches come
from reworking sands of the adjacent continental shelves
(Curray, 1969a). Also, stratigraphic studies have shown
that highlands on the Pedernal and Sierra Grande uplifis
existed at the time of deposition of the Glorieta and

must have contributed some sediment.
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DEDUCTIONS AS TO ENVIROWMEKT OF DEPOSITION FROM DEPOSITIONAL
FEATURES

The Glorieta Sandstone at the type section is overlain
by the San Andres Limestone. 1In the upper 35 feet of the
Yeso Formation there are two five-foot beds of limestone.,
Depositional features which these limestones have in commoh
include eye-shaped vugs and pseudow~tolites. Eye-shaped
vugs nay form either by currents reworking limestone mud,
by soft sediment deformation, or by the action of burrowing
organisms (Folk, 1958). The bresence of cross beds and
micro-faults in RY 35 suggests that the first method of
formation was most important in the two upper limestons
units of the Yeso. Such an environment is found in
protected lagoons or on shallow platforns on the lee
side of barrier beaches.

The origin of the eye-shaped vugs and veins in the
San Andres Limestone is less clear. 1In view of the
hydrocarbons and the large amount of cley present,
winnowing by currents is re jected as the dominant cause
of vugs and veins, Instead, I feel that soft sediment
deformation and/or the burrowing actions of organisms
caused this texture. The environment of deposition was
again that of shallow water, probably a lagoon which
received an abundance of clay. Lack of fossils suggests
that, as in the Glorieta, salinity was high during

deposition of the San Andres Limestone.

The origin of pseudo~ocolites is controversial.




Some geologists feel that the stﬁuctures nay be pellets
produced by marine organisms. Others feel that they are
produced by sub-agueous erosion of previously consolidated
calcilutites. BStill others feel that they are produced
penecontenporaneously in calcitic silts and muds by an
aggregation process controlled by current winnowing.
The presence of detrital quartz grains where these
pseudo-oolites are found suggests that winnowing of
carbonate in the presence of quartz grains ﬁay have
caused the formation of these siructures.

The marine limestones above and below the Glorieta
coupled with the presence of chert and chalcedony cement

in some units is evidence for the marine nature of the

-

Glorieta Sandstone. It is generally agreed that the
shore zone is the area of accumulation of sheet sands
(Curray, 1969b; Swift, 1969; and Selley, 1970). Two
environments of deposition in this zone may give rise

to sheet sands. One is a delta facies which is characterized
by an erosional basal conglomerate, an abundance of cross
beds, and upward fining. None of these features ar
common in the Glorieta. The second environment is

that of barrier beach islands. These sands have
transitional bases, mailnly flat beds, and upwar
coarsening (Selley, 1970). All of these properties are
true of the Glorieta at the type section.

1

A barrier beach is defined as "a sedimentary complex,

.

generally of sand or gravel, separating an open body of

o]
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water such as the sea or ocean‘from an enclosed or partially
enclosed body of water such as a lagoon™ (Curray, 1969a).
Typical modern beach ridges are parallel to the shore

and spaced approximately 50 méters apart in groups of

10 to several hundred, If sedimentation is relatively
greater than subsidence, the area beiween beach ridges

may be filled with sands and/of clays.

The formation of sheet sands during a regression of
the sea is postulated to occur as the accretion of beach
ridges along a shore. Longshore bars, an element of
the near-shore zone which is parallel to the coast but
below most tide levels, are believed to be built above
sea level by wave action of the retreating sea to beconme
beach ridges (Cufray, 196%2),

Sheet sands fornmed during the transgreésion of the
Sea would require formation of beach ridges which would
become longshore bars as the sea level rises. Thecse
Sands would be winnowed by waves in the formation of
beach ridges and later reworked as longshore bars.

The Glorieta contains several maturity cycles in

which the textural maturity goes from supermature or mature

to immature. There_are four possible reasons for these
cycles. One, eustétic changes in sea level may héve
caused micro-regressions in the overall transgression of
the body of water. Vhere a barrier beach had existed

at one moment in geological time, withdrawal of the sea

would have left a clayey lagoonal deposit;" dverlanping

P



of the sea would leave an offshore deposit. Two, minor
tectonic uplift or subsidence may have occurred. Three,
seasonal variatioﬁs may have produced changes in the

type of sediment delivered to the basin. Rapid burial

may then have preserved these changes. Four, the‘variatidns
may have been caused by surf ac¢ion or fresh water confluence

redistributing barriers =znd creating new lagoonal areas,

0]

A change of season could have been an indirect cause in
this case.

Figure 22 is a schenmatic diagram of what I have
postulated as the depositicnal sequence following uplifts
in the late Pennsylvanian to early Permian in northern
New Mexico. Until more detailed field studies are done
on the late Paleczoic, this diagram will remein unsub-
stantiated. It is presented merely:to clarify the
process by which I feel that the Glorieta at the type
section was deposited. The diagram draws heavily on
environments of deposition postulated by other geologists
for the Sangre de Cristo Sandstone and the Bernzl Formation.

Tectonic conditions required for deposition of a
sheet sand require either a constant rate of subsidence
of the basin of deposition or a stillstand. Quiescent
tectonic conditions such as these presume a prolonged
period of weathering from source rocks and lengthy
reworking by surf. According to Folk,only in arid or semi-

arid climate will rounded unweathered feldspar and quartz

of similar grain size be found under these tectonic
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Figure 22: Schematic sequence of events postulated from
study of type section.
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conditions. The Glorieta Sandstone was deposited in
a semi-arid climate. The presence of montmorill onites
probably indicates only a sedimentary clay-rich source

rock.

ECONOMIC USES

The potential economic value of the Glorieta Sandstone

lies in its use as dimension stone, high silica sand,

2

or a reservoir for oil and natural gas. At the type
section the Glorieta is cemented too loosely and contains
too much calcite cement for uséras dimension stone.

E Beds in the upper Glorieta (RG 80 to RG 94) below the top
carbonate sands are cemented dominantly by silica and

% could be quarried.

The Glorieta Sandstone where if‘is cemented by clay
appears to have characteristics suitable for use as a
foundry sand. It has sufficient cohesiverness to hold
together when moist and enough permeability to permit
water vapor and gases to escape. High degree of sorting
and quartz conposition make it ideal. Proverties of
refractoriness and strength would have to be checked in
the laboratory. The Glorieta might also be valuablé
as a fracturing or abrasive sand. These uses would
be dependent mainly on nearhess to market (Bates, 1969).

01l and natural gas are suspect in sheet sands
evolving in the near~shore zone. Both marine and lagoonal

facies which encompass these sands are potential sources




of hydfocarbon. Traces of hydrocarbon were found in the

San Andres Limestone. However, no traces were found in

the Glorieta at the type section. Vhether the Glorieta nay

act as a reservoir for hydrocarbons in another area

must be determined by further stratigraphic and

petrologic studies.
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Appendix: Rock descriptions of samples taken at the
’ type section of the Glorieta Sandstone near
Rowe, New Mexico. Rock numbers shown on
stratigraphic section, Figure 3.

: Bedding thickness:

? Fissile: <1/16"
Laminated: 1/16%=1/40
Platey: 1/4Y=11
Very thin bedded: 1"-g"
Thin tedded: 6"-11
Mediunm bedded: 1'-2?
Thick bedded: 2'-4!
Very thick bedded: 4'=6?
Massive bedded: >6!

Parenthesis following color name contain
numerical color designation of the 1963
Rock Color Chart distributed by the Geoclogical
Society of America, New York, N. Y.

; Abbreviations of grain contacts:
: F Floating C
: T Tangential
S Straight
C/C Concavo/convex
, : Su Sutured
; M Mosaic

Yeso Formation:

i RY 10 Coarse and very fine sandstone: clayey bimodal
; immature guartz arenite. '

i Red (10 R 5/2) with white spots. Thick bedded.
Forms steep rounded sloges. Weathers red (10 R 5/2)
with very light gray (N3) spots.

% Poor sorting, Angular, sub-angular, sub-rounded
i grains.

Qtz, single grain, straight to undulose; composite
grain, elongated bimodal. Microcline, orthoclase.
Spotty calcite cement.

RY 11 Coarse silt: clayey bimodal immature quartz
wacke.

Pale reddish brown (10R 5/4). Massive to platey
bedding. Steep slope former. Weathers pale
reddish brown (10 R 5/4).




RY 12

RY 13

RY 14

RY 15

101

Moderately sorted. Angular grains.
Qtz, single grain, straight extinction. Muscovite,

Fine and very fine sandstone: clayey calcitic
bimodal immature quartz wacke.

Pale reddish brown (10 R 5/L) with white spots
and thin white laminae. Thick bedding. VWeathers
to rounded bumps on smooth surfaces. Weathers
pale red (10 R 6/2).

Moderate sorting. Angular grains.

Qtz, single grain, straight extinction. Muscovite.
Hematite. ?ounded microcline.

Coarse silt to very fine sandstone: clayey immature
quartz wacke with red claystione lenses.

Pale reddish brown (10 R 5/4). Platey bedding.
Cliff former. Contains lenses of light gray and
darker streaks. ieathers pale red (10 R 6/2),
Pborly sorted, Angular grains.

Qtz, single bkaih, straight sxtinction. Microcline.
Houtmor;llonlte clay. Spotly calcite cenment.

Very fine and medium sandstone: clayey calcitic
bimodal quartz wacke. :

Pale reddish brown (10 R 5/4) with color laminations.
Medium bedding. Cliff former. ‘eathers pale
reddish brown (10R 5/h).

Well sorted. Angular grains.

Qtz, single grain, straight and undulose. Microcline.

Coarse and very fine sandstone: clayey bimodal
gquartz wacke.

Pale reddish brown (10 R 5/4). Cliff former.
Weathers to angular fragments 30 cm in length.
Weathers pale reddish brown (10 R 5/k).

Poorly sorted, Angular grains.,

Qtz, single grain, straight to undulose. Orthoclase,
microcline. Red clay. Hematite. Patchy calcite.



RY 16 Very fine sandstone to coarse silt: clayey
calcitic immature quartz vacke,

| Palc reddish brown (10 R 5/4). Thick bedded.
! Cliff former. Weathers pale reddish brown (10 R 5/4).

Very well sorted. Angular grains,

Qtz, single grain, straight extinction., Calcite
in pores, ‘ '

RY 17 Very fine sandstone to coarse silt: clayey
immature quartz wacke,

Pale reddish brown (10 ® 5/2) with white lenses.
Platey bedding. Re-entrant. leathers pale
reddish brown (10 R 5/2).

Very well sorted. Angular grains.

Qtz, single grain, straight to undulose, Microcline,
Henatite. Calcite in pores.

% RY 18 Very fine sandstone: clayey immature quartz arenite.,
§ Pale red (10 R 6/2) with white spots. Laminated

to platey bedding. Cliff former. Veathers pale

red (10 R 6/2).

HModerate sorting. Angular grains.

Qtz, single grain, straight to undulose. Rounded
microcline. Calcite in pores and lenses,

RY 19 Very fine sandstone: clayey submature quartz
arenite with hematitic clay lenses,

Pale reddish brown (10 R 5/4) with white lense
on top. Thick bedded. Cliff former., Weathers
pale reddish brown (10 R 5/4).

Poorly sorted, Angular grains.

Qtz, single grain, straight extinction. Orthoclase.
Muscovite., Hematite. Spotty calcite.

RY 20 Fine sandstone: clayey calcitic immature quartz
wacke. ,

Light gray (N 7). Laminated bedding, Re-
entrant.Weathers pale red (10 R 6/2).

Poor sorting. Angular grains.

Qtz, single grain, straight to undulose. Spotty
calcite,




RY 21

RY 22

RY 23

RY 24

RY 25

Very fine and coarse sandstone: clayey bimodal
immature quartz wacke.,

Reddish brown (10 R 4/4). Laminated bedding
and layers of calcite in clay. Re~-entrant.
Weathers reddish brown (10 R L/L) .

Poor sorting, dngular and rounded grains,

Qtz, single grain, straight to undulose. Calcite,
hematite, and montmorill nite clay,

a==Very fine sandstone: clayey hematitic quartz
wacke

b-=Coarse siltstone

Grayish red (10 R 4/2). Mediun bedded, "gn

contains white sandstone lenses 30 % 120 cn.

Cliff former. Weathers graylsh red (10 R 4/2).

Poor sorting. Angular grains.

Qtz, single grain, straight extinction., Rounded
microcline

Very fine sandstone: clayey calcitic immature
quartz wacke,

Pale reddish browvn (10 R 5/1). Very thick bedded
with platey beds at the base. Cliff former,
Weathers grayish red (10 R L/2y,

Poor sorting. Angular or rounded grains.,

Qtz, single grain, straight to undulose. Calcite
and hematite in streaks,

Fine sandstone: calcitic submature quartz arenite.

Pinkish gray (5YR 9/2). Thin bedded. Clif?f
former. \Veathers pinkish gray (5 YR 9/2),

Poorly sorted. Rounded  to angular grains,

Qtz, single grain, straight to undulose. Microcliine,
Calcite in pores, '

Coarse silt and fine sandstone: clayey immature bimodal
quartz wacie.

Well sorted. Angular grains.

Qtz, single grain, straight extinction. Muscovite
and hematite in montnorillonite clay.




RY 26

RY 27

RY 28

RY 29

RY 30

1oy

Very fine sandstone: clayey immature guartz
wacke.

Grayish red (10 R 4/2). Thick bedded. Cliff
former. ileathers grayish red (10 R 4/2). Sone
color lamination.

Poor sorting. Angular to sub-angular grains.

Qtz, single grain, straight extinction. Microcline,
angular. Spotty calcite cement.

Fine sandstone: clayey calcitic immature guartz
wacke.,

Grayish ed (10 R 4/2)., Thin bedded. Re-

entrant, Weathers grayish red (10 R 4/2).,
Poor sorting. Angular and rounded grains.

Wtz, single gzrain, straight extinction. Muscovite.
Hematite streaks. At the base, clay is dominant;
at the top, calcite is dominant and rgcrjota111"ﬂd
into rhombs,., Some calcite-lined VUES.

Dis mlcrlte.
Light gray (¥ 7). Two 12 mm layers of micrite.
Dismicrite.

Pinkish gray (5 RY 8/1) with dark specks. Very
thin to thick bedded. Cliff former at base,

slope former toward top. Weathers pale vello‘loh
brown (10 YR 5/2). Contains detrital quartz silt,
well sorted. Stains as ferrous calcite, Dark
specks are iron oxide. Top layers are 40 to 50
per cent vugs lined with calcite,

Fine sandstone: clayey immature quartz wacke.

Pale reddish brown (10 R 5/L) topved by a white
sandstone lense, Thick bedded. Rounded, re-

entrar, Weathers pale reddish brown (10 2 4/L).

Poor sorting. Sub-rounded grains.

Qtz, single grain, straisht to undulose. Hornblende.

Altered ortboc7ase. Igneous rock raament.
Hematite, Red clay and fine silt matrix.




RY 31

RY 32

RY 33

RY 34
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Fine to very fine sandstone: clayey immature
guartz arenite.

Reddish brown (10 R 4/L) with llunt gray (x 7
streaks. Thin bedded. Re-entrant. Wiecathers
reddish trown (10 R 4/4) with light gray (I 7)

streaks.

Poorly sorted. Rounded and sub=angular grains.

Qtz, single and composite grains, straight to-
nauloue extinction. Altered ortnoclaoe= Hematitic
clay cement.

Silty claystone.

Grayish red (10 R 4/2) with very light
laminations. Laminated bedding., Cliff

Weathers same as fresh.

Poor to moderate sorting. Sub-rounded grains.

Qtz, single grain, OBralb 1t extinction. Rounded
mlcroc11ne. Ib¢boub rock. HMontmorillonite claJ.
Calcite in pores,

Fine =andstone: clayey immature quaritz arenite.

4 (10 ? 8/2). Very thin bedding.

Grayish orange pinl
-entrant Weathers same as fresh.

Lenses. Re

Moderately to well sorted. Rounded t0 sub-angular
grains, -

Quartz, single grain, straight extinctim .
Sub—aﬁquar mvcrocllne. Igneous, netamorphic,

and chert fragrents. ontnorllloalue clay. .
Calcite in pores,

Fine sandstone: clayey calcitic immature quartz
wacke.

Gray1Qh red (10 R 4/2). HMedium bedded. Clifzf
forming, Veathers grayish red (10 R 3/2),.

Poorly sorted. Angular grains.

Qtz, single grain, straight to undulose. Chert
and metamorphlc bralns. Calcite in pores, Vugeye.




RY 35 S8ilty dismicrite with abundant iron oxide.

Pale red (10 R 6/2). ross bedding of 60 mm

length. HMicrofaults, Cliff forming. Weathers
light gray (N 7). Contains very well sorted

angular aquartz silt, straight to undulose extinction.
Microcline. Plagioclase An-42, BRlack opaque,
probably magnetite. Hematite. Hornblende.
Muscovite. Zircon,

RY 36 Silty disnmicrite.

Light gray (¥ 7). Thick bedded. Cliff forming
at base, slope forming farther uv. Weathers
rale yellowish brown (10 YR 6/2). Stains as
ferrous calcite. About 20 per cent vugs.

RY 37 Very fine sandstone: c¢layey hematitic im mature
quartz wacke.

Reddish brown (10 R 4/4) with white spots.,
Platey bedding Poorly ex pos d, slope forming.
Weathers “eddloh brown (10 R 4/4).

Moderately sorted. Angular to sub-rounded grains.,
F to S grain contacts.

Qtz, single grain with straight extinction, some
inclusions. Plagioclase An-L0 to An~20, leenite
skeleton, lecon. Clay rock and igneous rock
fragments. Hematite., Spotty calcite cement.
honumorlllonite test negative,

RY 38 Medium to fine sandstone: clayey immature quartz
arenite,

Pinkish gray (5 YR §/1). Very thick bedded.
Rounded slope former. Weathers pinkish gray

(5 ¥R 9/1).

Poorly sorted. Angular to sub-rounded grains.
F to C/C grain contacts.

Qtz, single grain, straight to slightly undulose;
comn051ue graln, undalose. Microcline., Pla 1oclase°
Tlmenite, Clay rocks and two types of igneous.
Spotty calcite. Some quartz overgrowth, Stains

as K-rich montmorillonite.



1O7

Gloriefé Sandstons

RG 17

RG 18

RG 19

Medium to fine sandstone: Highly calecitic su ernature
- &
quartz arcenite,

Crayish orange (10 ¥R 7/4L). Platey bedding.
Sloﬂb forming., Weathers dark yellowish brown
(10" 7R l/d) Some vugs.

Very well to well sorted. Rounded grains., T to
C/C contacts. -

Gtz, single grain, straight to undulose extinction.
Angular microcline. d::aetlte. Chert and tw

types of igneous rock fragments. Cement mainly

calcite (17 ¢ total rock). Some Quawta overgrovth.
Clay stains as montmorillonite. Calcite recrystallized
into large poikiloblastic grains with no apparent
wedging,

Fine to medium sandstone: calcitic supernature
quartz arenite,

VGI’V palm orange
Cliff forming. e

1ers grayish orange (10 YR 7/4),
1

T

211 ¢
s O,

O

very wel teds. Sub=-rounded grains.
nd C/C grain contacts.

Q C)

Qtz, single and composite, straisht to undulose
extlnctﬂona aAounded RlC“OClWHe. Izneous zra;reqbs.

Mainly calcite with disseminated hematite cenmant
Some quartz overgrowih. Clay stains as monbmo¢1llonite.

Fine to medium sandstone: calcitic submature
quartz arenite.

Pale yellowish orange (10 YR 8/6) with white lenses,
Platey bedding., QlODO forner, aeptnors dark
yellowish orange (10 YR 6/6) with white lenses,

Moderately sorted, Saomangular ©0 sub=-rounded
grains. HMostly T contacts, also S and C/C.

Qtz, ulnble and composite, straight to undulose.
Mlchﬂ ine, Some cnavceaonj cement., Calcite

cement being dissolved out. Qtz overgrowth.
Hematite,




RG 20

RG 2]

RG 22

RG 23

Medium sandstone: calcitic mature quartz arenite,

Grayish orange (10 YR 7/4) with white lenses.,

Thin bedded. Ciifs former., Veathers dark yellowish
range (10 YR 6/6). )

Well to very well sorted. Sub-angular to sub-
rounded. lMostly T, also S and C/C grain contacts.,

Qtz, single and conposite grain, Microcline,
Brown claystone fragments. Calcite cement with
iron oxide.

Fine to mediun sandstone lens: c¢alcitic nmature
quartz arenite.

Grayish orange (10 ¥R 7/4) e At thickest is

30 cmo 12 inches. Cliff forner. Yeathers
moderate yellowish brown (10 ¥» 5/1).

Well sorted., Sub-angular to sub-rounded. T S,
and C/C contacts. : ‘

Qtz, single grain, straight to undulose,

some with
vacuoles; comnosite grain, straight to undulose.
Microcline, altered ang angular, also roundad
? (= 3

o
Tourmaline, Brown claystone, igneous rocly T
Calcite in rhonmb shapes, Qtz overgrowth, =2
iron oxides.

Fine sandstone: calcitic mature quartz arenite.
Very pale orange (10 YR 3/2). Thin bedded.
Lenses., C1ifs former. Weathers graylsh orange

(10 YR 7/1),

Well sorted, Sub-angular to sub-rounded. S,
C/C, and sutured contacts.

Qtz, single grain, straight to undulose, some with

vacuoles; composite, straicht to undulose. Microcline,

rounded. Veathered vlagicclase. tletamorphic
fragments. Quarts overgrovwth,

Fine sandstone: hizghly siliceous calcareous
mature quartz arenite,

Grayish orange (10 ¥R 7/L). Thin bedded. Cliff

former. Weathers pale yellowish brown (10 YR 5/2) e

Well to very well sorted. Sub-angular grains,
S, C/C, mostly Su grain contacts, :




.

RG 24

RG 25

RG 26
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Qt7 single grain with straight extinction.

Rounded microcline. Brown claystone, phyllite,
igneocus rock Iragments Quartz overgrowth with
obvious pressure soluulon. Iron oxide.

Fine sandstone: siliceous mature quariz arenite.

Pale orange (10 ¥R 7/2). Thin bedded., Cliff
former. Teathers pale yellowish brown (10 IR &/2).

Well sorted. Sub-angular to sub-rounded. Mostly
8 contacts, also C/C and Su.

Qtz, single grain, straisht extinction, some with
rutile ﬂeedlc inclusions; compositb :P“JQ tra*gbt
extinction, Microcline, rounded. rown clays wone,
igneous rock Ifragments. Henatite cubvu. Dtz
overgrowth. - Hornblende,

ine sandstone: siliceous supernature

Very pale orange (10 ¥R &/2) to 7
(10 ¥2 2/4). ilediun bedding., Cli
Veathers vale yellowish brown (1

A

Qtz, single and composite, straignht and undulose.
Microcline, rounded, some overgrowth. lHetamorphic,
brovm igneous rocL fragment, Hematite outlines
some grains. @tz overgrowth.

Fine to medium sandstone: mature bimodal guartz
arenite.

Grayish orange (10 YR 8/b) Very thin bedd;ng.
Cliff former. Weathers grayish orange (10 YR 7/4).

Well sorted. Sub-angular to sub-rounded. T, S,
C/C, and Su grain contacts.

Qtz, single grain, straight to undulose; composite
grailn. Rounded and angular microcline, sone

slightly weathered. Plagioclase. Rounded tourmaline.

Metamorphic, brown igneous rock frazments. Iron
oxides. Qta overgrowth, Qtz silt matrix or calcite
cenent.,




RG 27 Fine sandstone: siliceous supermature quartz
arenite.

Very pale orange (10 YR 8/2) with white streaks.
Thin bedded. Cliff former. Weathers pale yellowish
brown (10 YR 6/2).

Vlell to very well sorted. S and C/C contacts.

Qtz, single grain, straight to unduTOﬁm; composite,
stralvht eKbquthq. Few vacuoles or inclusions.

* Orthoclaue. Altered microcline. Plagioclase Ane-43,
Siltstone, igneous rock Tragnents. Hematite.
Chert, clay cement. Qtz overgrowth,

RG 28 Fine sandstone: mature guartz arenite,

Grayish orange (10 YR 7/4). Medium bedding.
Cliff forming. Weathers pinkish gray (5 YR 8/1).

Well to very well sorted. S and C/C contacis

Qtz, single and comvposite grain, straight to
unuulooe. lMicrocline, wetamorphic, igneous rock
fragments. Hematite. Qtz overgrowth. Reworked
overgrowths also.

RG 29 Fine sandstone: supermature quartz arenite.

Grayish orange (10 YR 7/4). Laminated bedding.
Slight re-entrant, Vieathers a pale yellowis
brown (10 iR o/a).

v Well to very well sorted. Sub-rounded grains.
T, S, and C/C grain contacts.,

f Qtz, single and composite, straight to undulose.
f Sub—angul ar mﬂcroclﬁre Sll”hLlj weathered.
Brown claystone, metamornhlc rock, and light
brown igneous “och fragments. Hematite. Qtu

s overgrowth.

RG 30 Fine sandstone: siliceous mature quartz arenite.

Grayish orange (10 YR 8/4). Thick bedded with
¢ross bedding laminse, Cliff former. Weathers
pale yellowish brown (10 YR 6/2). Current grove
casts,.

Well sorted. Sub-angular. S to C/C contacts.

Qtz, single and composite, straight to undulose.
Somé rutile 1ncluolonu. Orthoclaae. Rounded
microcline. Yircon. Brown claystone, netamorphic
‘rock, gray igneous rock fragments. nematite cubes.
Qtz overerch.




RG 31

RG 32

RG 33

RG 34

Fine sandstone: highly calcitic submature bimodal
quartz arenite.

Grayish orange (10 YR 7/4) with white lenses,
Very soft, mostly covercd. Slope former. ileathers
pale yellowish brown (10 YR 6/2).

Moderately sorted. Sub-angular. I, T, 5, and
C/C grain contacts.

Qtz, single grain, straight to undulose, som
rutile inclusions; compesite grains. Rounde
microcline. Henatite rim on some guartz,
Magnesium tourmaline. HMagnetite. Calcite
cement (35 % total rock) wedges some quariz
interstitially. Clay stains as montmorillonite.

oL

Fine sandstone: calcitic clayey bimodal submature
quartz arenite.

Grayish orange (10 YR 8/L). Soft, thin bedded.
Re-entrant. Weathers grayish orange (10 12 7/4).

Moderate to poor sorting. Sub-angular to sub-
rounded. I, T, and S grain contacts.

Qtz, single grain, straight to undulose, some
with rutile inclusicns; composite. Rounded
microcline, possibly overgrowin. Hematite concretions.
Calcite wedges in pores.

Silty claystone.

Pale yellowish orange (10 YR 7/6). Fissile
bedding. Re~entrant. Wleathers dark yellowish
orange (10 ¥R 6/6).

Fair sorting. Sub-rounded grains. F contacts.

Qtz, single grain, straight to undulose; composite,
elongated and bimodal. HMicrocline, sub-rounded.
Brown claystone fragments. Henmatite. Stains as
montmorillcnite clay.

Fine to medium sandstone: siliceous supermature
quartz arenite.

Grayish orange (10 YR 7/4). Medium bedded. CILliff
former, Weathers dark yellowish orange (10 YR 6/6).

Well sorted. Sub-rounded grains. 8, C/C, mostly
Su contacts.




RG 35

RG 37

RG 38

Dark yellowish oranze (10 YR 6/6). Very thin

Qtz, single grain, straight to undulose; couposite

grain. Pouaded w¢croc¢1n s, overgrown. Gray
claystone, igneous rock fragments. Magnetitie or
ilmenite. IHematite. Clay, some calcite cement.
Qtz overgrowth. ‘ ' ‘

Fine sandstone: calcitic supermature auartz
arenite,

Grayish orange (10 ¥R 7/4) with white spots. Very
thin bedded. Veathers moderate yellowish brovm
(10 YR 5/[-}-)0 Porous.

ed. Sub-rounded grains. F or C/C grain

Well so .
ct Some graians frac ured.

ot
contactis,
Qtz, single grain, straisht to St“On”lJ unaulouv,
some vacuoles, Co”pos*te graln also. lHicrocline,
rounded,; overgrown, Homatite. Calcite in pores;
no apparent wedging. Qtz overgrowth.

Hedium sandstone: highly calcitic mature quart
arenite. '

Very pale orange (10 YR 8/2). ediuvm bedded,
Cliff former. Veathers gra yﬂsh orap e (10 YR 7/L),

Vell to mederately sorted. Rounded to well rounded
grains. T and S contacts,

Qtz, single grain, straight to undulose. Microcline,
rounded. Pla”lOCimoe An-70%?., Chert. Magnetite.
Hematite and clay cementis upper 3 m

Fine sandstone: calcitic submature quartz arenite.

o

bedded. Slight re- ~entrant, ieathers dark yellowish
orange (10 IR 6/6).

Noaerataly sorted. Sub-rounded to rounded grains.
T and $ contacts,

Qtz, single grain, utralght to undulose, some
vacuoles; c0ﬂ3051ue grain, Igneous Y'ock Ifragments,
Hematite, ‘

Very fine sandstone: clayey immature quartz wacke.
Grayish purple (5P 4/2) with white lenses. Fissile

bedding. Re-entrant. Wieathers grayish orange

(10 YR 8/4).

Poorly sorted. Rounded grains. [ to 8 contacts.,
Some fractured grains,
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RG 39 a--Fine sandstone: calcitic supermature quartz
_ arenite. '
b--Medium sandstone: siliceous mature quartz
arenite,

‘Grayish orange (10 YR 7/4). HMedium bedded,
Cliff former, Weathers medium grayish yellow

(5 Y 8/5)f

Well to very well sorted. Sub-rounded. T, S,
and C/C contacts,

Qtz, single grain, straight to undulose; composite
grain, equigranular, Sone vacuoles, Hicrocline,
rounded, altered. Brown claystone and igneous
rock fragments, Hematite. viagnetite. Much

qQiz overgrowth.

RG 40 Fine sandstone: mature gquartz arenite,

Grayish orangze (10 YR 7/4) . Medium pedded, Cliff
former. ‘ieathers dark yellowish orange (10 ¥R 6/6).

Well to very well sorted. = Sub-angular. T, s,
- and C/C contacts,

tz, single grain, straight to undulose; composite
? < 2 2 = . ;2 L .
grain, bimodal and elongated. Tourmaline lnclusions,
Microcline, rounded, overgrown, altered. Creen and
brown igneous rock fragments., Iron oxXxides. 0Qtz
= o ] A
overgrowths, :

RG 41 Fine to mediunm sandstone: mature quartz arenite,

Grayish orange (10 YR 7/4). Platey to thin beds,
Sloped cliff, Weathers dark yellowish orange

(10 ¥R 6/6). mam npn  ang "e!" vorous., Vugs

outlined by limonlte.'%ﬂ, "b", and Me" = rock numbers.

{ Well sorted. Angular to roundeq grains. T, S,
f C/C and Su grain contacts, :

Qtz, single grain, straight to undulose, some
vacuoles and rutile inclusions; composite, bimodal,
elongated. some iron stained, Orthoclase.
Perthits, Microcline, weathered, overgrown.
Muscovite. Zircon. ITlmenite, HMetamorvhic,

green, brown, and gray igneous rock {ragments,
Hematite. Magnetite, Brown claystone. . Chert
fragments, @tz overgrowth,




RG 42 TFine to medium sandstone: -mature quartz arenite,

Grayish orange (10 YR 7/4) with white spots.
Very thick bedding with cross beds, Cliff former.
Weathers grayish orange (10 YR 7/4) to olive gray

(5 Y 4/1).

Qtz, single grain, straight to undulose, rutile
inclusions; composite, bimodal ang elongated.
Microcline, rounded, altered, weathered. Hornblende
and tourmaline, rounded., Hematite. HMagnetite.

i Red claystone, metamorphic, brown and gray lgneous

: rock fragments, Qtz overgrowth.

; RG 43 Fine sandstone: siliceous submature guartz arenite,

Grayish orange (10 YR 7/L) with lenses and spots.

* Massive bedding with cross beds. Rounded cliff
former. ‘Jeathers to rounded knobs. Weathers
dark yellowish brown (10 YR L/2).

Moderately sorted. Rounded grains. S and c/C
grain contacts.

Qtz, single grain, straight to undulose, rutile
inclusions; composit , elongated, bimodal. Rounded
microcline, Hornb @e. Chert, some pushed into

e

.

e - - , -
interstices. Hematite., Qtz overgrowth. @tz
matrix.

RG 44 Fine sandstone: immature quartz arenite.

Pale orange (10 YR 7/2). ¥ediunm to platey beds.
Slope former. Veathers pale yellowish brown
(10 ¥R 6/2).

Moderately'to poorly sorted. Rounded srains,
S to C/C grain contacts., Fractured grains,.

Qtz, single grain, straight io undulose, few
vacuoles; conposite grains. Hicrocline, rounded.
Perthite. DPlagioclase An-35, Brown claystone,
igneous rock fragments. Hematite, sone wedging
qtz. Clay cement. Qtz overgrowth., Calcite
spotty, replaces silica overgrowth.

RG 45 Fine sandstone: siliceous clayey immature quartz
: arenite with brown clay stylolites.

Grayish orange (10 YR 7/4). Platey bedding.
Re-entrant. Weathers grayish orange (10 YR 7/4).

Well sorted. S, C/C, and Su grain contacts. Some
fractured grains.




RG 46

RG 47

RG 48

tio .

Qtz, single gra*n straizght to legqtly undulose,

few vacuoles; COMDOolte grains. Microcline,
overgrown, altered, Plagioclase An-39,- Hematite.
Hagnetlce or ilmenite. Garnet. Zircon. DMuscovite.
Brown claystone, light brown izneous rock fragments.
Sone chalcedonj cement. Qtz overgrowth., Some _
calcite., Red clay wedges qtz apart. Montmorillonite.
Medium to fine sandstone: siliceous mature quartz
arenite,

Pale oranze (10 YR 7/2). Medium bedded. CLiff
former. Weathers grayish orange (10 YR 7/4).

Well sor{e&. Sub-angular. S, C/C contacts.

Qtz, single grain, siraight to unduloee rutile
inclusions composite D;alnb. Rounded WlC”OCllﬁe.
Light b”om ilgneous rocik fragm ents. Qtz overgrowth,

Fine to very fine sandstone: submature quartz
arenite.

Grayish orange (10 YR 7/L), PWatey bedding.
Sharply re-entrant, Veathers dark yellowish
orange (10 YR 6/6).

Moderately to poorly sorted. Sub-angular to sub=-
rounded. S to C/C contacts. ‘

Qtz, single 'grain, straight %o undulose; composite,
Rounaed ﬂlC“OCl’no. Hematite. Igneous rock
fragments, Qtz overgrowth.

Medium to fine sandstone: siliceous clayey
immature quartz arenite.

Grayish orange (10 YR 7/4). Thick bedded. Cliff
former. Ton 20 cm has hollowed holes 23 mm in
length in two parullel rows. Weathers moderate
yellomlsn brown (10 YR 5/4).

Moderately sorted. Sub-ansular to sub-rounded.
Mostly 8, also T, C/C grain contacts.

Qtz, single grains, alvht to undulcse extinction,
some vacucles and gﬁCluoqu composite grain,
elongated and bﬂmodal mlC;OCllne rounded.,

Plagioclase. Tourmaline. Chert. Hetamorphic,
igneous rock fragments. Hematite. Marnetlte.
Leucoxene, Qtz overgrowth,




RG 49

RG 50

RG 51
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Fine sandstone: siliceous clayey mature quarts

arenite.

ssile to platey

Grayish orange (10 YR 7/4). Fi
hers dark yellowish

bedding. Re=entrant. Weat
orange (10 YR &/6).

Well sorted. Sub-rounded. Su-grain contacts,
Some fractured grains.,

Qtz, single grains straight to undulose, rutile
inclusions; composite, undulose extinction.
mlcrocTJne rounded. HMetamorphic fragments.

ematite, Qtz overgrowih. Chert cement. Brow:
utylollte. ‘

a=--Fine sandstone: clayey submature guar arenite,

b-~Fine sandstone: calcitic mature quartz arenite,

¢-~Fine sandstone: siliceous supermature quartz
arenite.

Pale yellowish brown (10 VYR §/2). Very thick
bedded. Cliff former. I\eathers noderate yellowish
browvn (10 YR 5/4). '

a~-Moderately sorted. Sub-angular. T, S contacts,

b--Viell sorted. Angular, F, T, 5 contacts.

c~=ilell sorted. Sub-rounded to rounded. T, S,
C/C and Su contacts.

Qtz, single gvaln straizht to undulose, rutile
bl al

ai
1nclub¢0ﬂo few vacuoles; composite, elongated,
bimodal. u:crocTLPe rounded ’albe“oa by calcite,
also angular, tnlt Plamloclase with fuzzy
twinning., uuacoviueo ematvue. Magnetite,

Chert, me etamorphic, igneous rock iragments,
Ca101be 301L1*obla3t1c with cuartz inclusions;
recrystallized, wedging quariz. Qtz overgrowth
present. Scme chalcedony cement.

A I s

Fine to medium sandstone: siliceous supermature
quartz arenite,

Grayish orange (10 YR 7/4). Very thin bedded.
Cliff former. Weathers very pale oranze (10 YR 8/2)
to grayish orange (10 YR 7/L).

Well to moderately sorted. Sub-rounded to rounded.
T, S, C/C contacts.

Qtz, single grain, atralmht to undulose; composite,
elongabed bimodal. Microcline, Sub-“oupqed to
bub~aa”ula*, ovVergrown,. PlaGlOleDe Tuzzy twinning.
Muscovite, Chert, setanmorphic, 1gneous rock
fragments, Hematlue. Qtz overvrowtho




RG 53

RG 55

RG 52 Fine sandstone: siliceous mature gquartz arenite.

Grayish orange (10 YR ?7/4)., Medium to platey
bedding. Cliff former. Weathers grayish orange
(10 YR 7/4) to moderate yellowish brown (10 YR S/4).

Well to moderately sorted. Modified by pressure
solution. T and 5 contacts at the base; C/C, 3u,
and ¥ grain contacts at the top. .

/
Qtz, single grain, straight to undulose; composite
grain, undulose, bimodal, elongated. Microcline,
sub-angular to rounded., Tourmaline, Chert,
slate, and igneous rock fragments. Hematite.
Pressure solution and qtz overgrowth. Some chert
cement,

Hematitic clayey dismicrite with clay, hematite,
and quartz layers. |

Pale yellecwish orange (10 YR 8/6). Very thin bedded.
Re-entrant. ieathers very pale orange (10 YR §/2)
to pale yellowish brown (10 YR 6/2). Stains as
ferrous calcite. Rhombs formed in calcite are
outlined by hematite,

Fine to very fine sandstone: calcitic bimodal
mature quartz arenite. "

Grayish orange (10 YR 7/4). Medium bedded., CLliff
former. Weathers brownish gray (5 YR 4/1).

Well sorted. Sub-rounded to rounded grains.
Mostly T, some F and S contacts.

Qtz, single grain, straight to undulose; composite
grain, straight to undulose. Abundant rutile
inclusions and few vacuoles. Perthite. Hicrocline,
rounded and overgrown or angular, overgrown, and
rounded. Some altered. Hematite around grains,
including carbonate grains. Detrital carbonate
fragments apparently recrystallized to hecone
part of total carbonate cement.

Medium sandstone: siliceous mature quartz arenite.

Grayish orange (10 YR 7/4). Very thin bedded.
Slope former. Weathers brownish gray (5 YR 4/1)
to pale yellowish brown (10 YR 6/2). Huch pore
Space .

Well sorted. Sub-angular to rounded grains.
T, 8, C/C grain contacts,




RG 56

RG 57

RG 58

Qtz, sinole grain, straight to undulose; composite
grain, straight to undu70¢e elongated, bimodal.
chrOCLlne sub-angular, a;tered Ioneouc rock
1ragmepts. Hematite, Magnetlte. Gtz overgrowth,

a~=Fine sandstone: siliceous mature guartz arenite.
b-~-Medium sandstone: calcitic supermature quartz
arenite,

Grayish orange (10 YR /4), Medium bedded. ClLiff
former. Weathers darl 5ello “ish brown (10 YR 4/2)
to dark yellowish orange (10 YR 7/6) .

Very well to well sorted. Sub=angular to rounded.,
T, 5, and C/C contacts.

Qtz, single grain, otralght to undulose, vacuoles
and rutile *ncl1blon composite grain, Sbrai?ht

©0 undulose, elonoaped bimodal. MLC”oclﬂne
rounded alberei AeTatluu. Magnetite, ed chert
chalcedony, and igneocus fr "ments. Qtz overgrowth.
Calc1te from microcrystalline to spar.

Fine sandstone: calcitic subaature quartz arenite.

Pale yellowish orange (10 YR 8/6). Hed

dium bedded,
CLiff former. Weathers grayish ora nge (10

C IR 7/4).

Moderate y sorted. Sub«voundod to rounded. T,
S, C/C grain contacts., Some fractured grains.

Qtz, single grain, straight to undulose; composite
graln, straight to undulose. Microclin , rounded,
altered. Tourmallne. HMetamorphic, igneous rock
fragments. Hematite, Wagnetlue or *lmenlte.

Qtz overgrowth., Calcite 19 per cent total rock.

Fine to medium sandstone: siliceous mature quartz
arenite. :

White (N 9) and pale yellowish orange (10 YR 8/6)
lenses. HMedium bedded Clirff former° Veathers

to small knobs, JaauneAed color is grayish
orange (10 YR 7/4).

Well sorted. Sub~angular to sub~rounded. T, S,
and C/C grain contacts. Some fractured bralns.

Qtz, single grain, straight to undulose, rutile
inclusions comp081te grains, straight to undulose.,
Mlcrocllne sub-rounded Cnert ilgrneous rock
fragments. Hematite, mapnetlte or ilmenite.

Qtz overgrowth,




RG 59

RG 60

RG 61

Fine sandstone grading up to a medium sandstone:
siliceous supermature quartz arenite.

Grayish orange (10 YR 7/4). Laminated to nlatey
bedding, cross bedded. Slope former. Weathers
moderate yellowish brown (10 YR 5/4) to pale
yellowish brown (10 YR 6/2).

Well sorted. Sub-rounded to rounded. Mostly S,
also T, C/C and Su grain contacts. Fractured
grains.

Qtz, single grain, straight to undulose, sone

rutile inclusions, hematite stain; composite

grain, elongated, bimodal. Hicrocline, overgrovn
and rounded, altered. Chert, igneous rock fragments.
Hematite. Pressure solution, gtz overgrowth.

kel
s
-

Fine to medium sandstone: calcitic sunermature
-y
quartz arenite. :

Pale yellowish orange
[a)

(10 YR 8/6). Thin tedded.
Cliff former. Weathers

rs grayish orange (10 YR 7/4).
well sorted. Sub-rounded grains, T and S grain
contacts. Iractured grains.

tz, single grain, straight to undulose; composite
grain, undulose. Orthoclase and microcline, ;oupded.
Hematlue in carbonate. Magnetite cubes, Ilmenite,
Calcite, 17 per cent total rock, recrystallized,
wedges quariz.

Medium: sandstone: clayey immature quartz arenite

Very pale orange (10 YR 8/2). Laminated bedding.
Re-entrant. Weathers grayish orange (10 YR 7/4).

Well sorted in 5 mm layers. Angular through
rounded grains. F, T, 5, C/C contacts. Fractured
grains.

Qtz, single grain, straight to undulose; composite
grain, undulose. Perthite. Microcline, rounded.
Plagloclaob An-50. Muscovite. Chert rock fragments.
Hematite in clay and precivated as cenment.,

Magnetite, Clay 22 per cent total rock, Some

chert cement.,
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RG 62

RG 63

RG 64

Fine sandstone: siliceous calcitic mature gquartz
arenite.

Grayish orange (10 YR 7/4). Thick bedded. CI1iff
former. VWeathers pale yellowish brown (10 YR 6/2).

Well sorted. Rounded, sub-angular and angular

grains. S and C/C contacts. Fractured grains,

Qtz, single grain, straight to undulose, rutile
inclus¢ons; composite grain, undulose, HMicrocline,
rounded. Plagioclase, altered. Iletamorphic and
igneous rock fragments. Iron oxide. Ilmenite.

Qtz overgrowth. Hvidence for two episodes of
calcite invasion,

Fine to very fine sandstone: siliceous calcitic
malture quartz arenite.

Grayish orange (10 YR &/L and 7/4). Thick bedded.
Cliff former. \eathers pale yellowish brown (10 YR&/2).
Approximately 10 per cent pOre sSpace.

Very well to moderately sorted in lenses. ' Sub-
rounded to rounded grains. T, S, C/C contacts.

Qtz, single grein, straight to undulose, rutile
inclusions; composite grain, straight to undulose.
Microcline, rounded, altered. Hornblende. Chert,
chalcedony, pnyliite fragments, Hematite in
calcite and around grains, Calcite fills pores.
Qtz overgrowih.

Fine to mediunm sandstone: siliceous calcitic mature
quarbz arenite.

Grayish orange (10 YR 7/4) with dark yellowish
brown (10 ¥R A/E) streaks toward the top. Thick
bedded. Weathers grayish orange (10 YR 72/L)
pale yellowish brown (10 YR 6/2).

Moderate sorting D$adln@ up to well sorted. Rounded
to sub-rounded grains. F, T, 5, C/C, and Su contacts.
Qtz, single grain, straight to undulose, rutile
inclusions; composite grain, elongated, bimodal,
undulose. Microcline, sub-rounded to sub-angular.
Muscovite. Chert, metamorphic rock fragments.
Hematite in clay outlines detrital carbonate

grains. HMagnetite, Calcite L2 per cent total

rock. Rare gtz overgrowth; gtz etched., Calcite
stains as ferrous calcite. '
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RG 65 a-~Fine to medium sandstone: clayey immature

RG 66
RG 67

quartz arenite.
b--5ilty claystone: c¢layey immature gquariz
wacke.,

Grayish orange (10 YR 7/4) with white streaks.
Laminated bedding. Slope former. VWeathers
grayish orange (10 YR 7/4).

a-=Well sorted. Sub-rounded to rounded. Mos<v
F, some T grain contacts. Fractured grains.

p==Fair sorting. Sub=-angular and angular grains.
Most F, some T contacts. :

a--Qtz, single grain, straight to undulose; composite
grain, undulose. Iicrocline, angular and oversrovin.

[y

Tourmaline, perfect sphere. Hematite. Magnetite.

Ilmenite. Some chert cenent.

£ , straight to undulose.
Microcline, sub-rounded., Huscovite. Chert
and igneous rock fragments. Hematite, sone
detrital, some authigenic. Clay, 65 per cent
total rock, gray and red. HMontmorilionite.

b=--Qtz, single grain
-

Tine sandstons: clayey immature quartz arenite.

Grayish orange (10 YR 7/4) with black streaks.
Very thin bedded. Cliif former. \eathers
yellowish orange (10 YR 5/6).

Well sorted. Sub-rounded to rounded. ¥, T, S
grain contacts.

Qtz, single grain, straight to undulose; composite
grain, undulose. Microcline, rounded. Chert
fragments. Authigenic hematite. Red and gray
clay 17 per cent total rock.

Fine to mediun sandstone: siliceous mature quartz
arenite. ‘ : ‘

Dark. yellowish orange (10 YR 6/6) with black streaks.
Very thin bedded. C1iff former. ‘leathers moderate
yellowish brown (10 YR 5/L).

Well sorted. Sub-rounded shape modified by
pressure solution. F, 3, C/C contacts.

Qtz, single grain, straight to slightly undulose;
composite grain, straight extinction. Rounded
microcline. Brown clay, phyllite fragments.
Hematite.



RG 68 Medium sandstone: calcitic supermature quartz
arenite. :

Very pale orange (10 ¥R 8/2) with dark yellowish
brown (10 YR 4/2) spots. Medium bedded. Cliff -
former. Veatlhers ﬂrajlsh orange (10 YR 7/4).

Well sorted. Sub~rounded to rounded. Mostly
S5, some T contacts.

tz, single grain, straight to undulose; compesite
grain, undulooe. Hicrocline, angular to sub-
rounded, Orthoclase uuo—aqr‘ular. Hornblende.
Hematite in calcite cement.

RG 69 Fine sandstone: clayey immature quartz wacke.

Very pale orange (10 ¥R &/2). Laminated bedding.
Re~entrant. Heathers vrajlsh o“ange (10 ¥R 7/4).

Moaarately to poorly sorted. Sub-rounded. F,
T, S grain contacts.,

Qtz, single grain, straight extinction; composite
grain, straisht to undulose, elongated, binm w0dal.
Microcline, angular. Zircon, hOﬁnolenge.
Auuhlgcn*c henmatite. Brow: cl ay, 30 per cent

total rock.

g

=

RG 7?0 Fine sandstone grading up to medium sandstone:
siliceous supermature quartz arenite.

Very pale orange (10 YR 8/2) with dark yellowish
orange (10 YR &/6) spots. Thick bedded. C1iff
former. eathers pale yellowish brown (10 YR &/2).

Well éorted. Sub-rounded to rounded. T and S
contacts, more S as go up.

Qtz, single grain, straight to undulose; composite
grain, straignt to undulose, elongated, binmodal.
Microcline, angular Plagioclase, altered. OChert
and igneous roci lragmerts. Iron oxides. IHuch
qtz overgrowth. ‘

RG 71 Very fine sandstone: clayey immature aquartz
wacke.

Pale yellowish brown (10 YR &£/2) with white lenses,
Laminated bedding Re~entrant. Weathers dark
vellowish orange (10 ¥R o/6) with plnhlsh gray

(5 YR 8/2) lenses.
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Sub-rounded grains,

Well to very well sorted,

F, T contacts.

Qtz, single grain, straight to unduWGoe, composite
grain, SULalﬁnu extinction. Hicrocline, sub-
rouhaed slightly zltered, Rounded hornblende.
Euscov1ue. Cnalﬂcdoz>, chert fragments. Igneous
rock fragments. Red and brown clay 27 per cent

tot 1 roc“. Hematite in red clay. HNegative
.

RG 72

‘R 8/2). Thick bedded.
ers light brown (5 YR 6/4).

mell sorted. Sub-angular, sub-rounded grains.
Upper part contains rounded grains., 5, C/C, and
su contacts, no Su in upper portion.
Qtz, single grain, St““lgﬂb to slightly undulose,
rutile inclus 1ons; composite grains,., Orthoclase,
Microcline, “oungea. uﬂldOuO 7qw
rounded., Dark brown clay, chert
igneous rock fragments, ﬂuuﬂ“"h“lc nenatite.
Approximately 14 per cent clay cenent in lower
portion. @tz overgrowih.

bimodal

RG 73 Fine to very fine laminated sandstone:

immature quartz arenite.

nge (10 YR 8/2) with dark
6/6) streaks., Laminated
Yieathers grayish orange

yellowish
bedding
(10 ¥R 7/4) .

to

Very pal
orange

Well to moderately sorted. Sube~an sub-

rounded, F, T, and S contacts,

gular

Qtz, single grain, straight to undulose. Microcline,
sub~rounded. Tour maline, sub-rounded, HMuscovite.
Chert fragments. Claj cement 22 ver cent cotal

- rocik. Hematite, 5 per cent bOual roclk. Matrix

of gtz silt ¢rrerularlj filling pores.

RG 74

Fine sandstone: siliceous mature quartz

Grayish orange (10 YR 7/4) to very pale
(10 YR 8/2). Very thick bedded. Cliff

arenite,

orange
forming.

Weathers moderate yellowish brown (10 YR 5/4).
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RG 75

RG 76

RG 77

Well sorted. Sub-angular going to rounded as
£o up section. Mostly S contacts, also T and C/C.

single grain, straight to undulose; conmposite

rain, unduloze, elongated, bimodal. Orthoclase.

licrocline, angular and sub-angular., Perthite.

ido iron rich tournaline, zircon, and hematite,
t, metamorphic, and two types of igneous rock

nents. iz overgrowth in upper portion.

=6 (@] ..hj .:‘-:Gm) (@

Fine sandstone: calcitic clayey imnature quartz

arenite.

Grayish orange (10 YR 7/L). Re-entrant, forms
soil. Weathers grayish orange (10 YR 7/4L).

Well sorted. Sub-rounded to sub-angular, ¥, T,

rt

and 3 grain contacis.

Qtz, single grain, stiraight to undulose. Microcline,
sub-angular to suo-rounded, MHuscovite. Chert,
metamorphic, and two types igneous rock fragmnents.
Hematite in clay. Clay and calcite 31 per cent

total rock.

Fine sandstone: siliceous mature quartz arenite.

Grayish orange (10 YR 7/4) grades up to very vpale
orange (10 ¥R 8&/1). Medium bedded. Cliff forming.
Weathers grayish orange grading.up to vale yellowish
brown (10 YR 6/2).

Well sorted. Sub-rounded to rounded. T, 5, C/C.
Some Su at the top of the bed,

Qtz, single grain, straight to undulose; composite
gralns, uncdulose. Microcline, sub-rounded. Chert
and igneous rock fragmentis. Authigenic hematite
in clay. Pore space from 5 to 15 per cent. Gtz
overgrowth.

Fine sandstone: clayey immature quartz wacke,

Grayish orange (10 YR 7/4). Fissile to laminated
bedding. Re~entrant. Weathers grayish orange

(10 ¥R 7/4).

Well sorted. Rounded grains. F, T, S contacts.

Qtz, single grain, straight to undulose; composite
grains. Microcline, rounded. Hematite in clay.
Magnetite cubes. Chert cement 7 per cent. Brown
clay 24 per cent total rocxk.
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RG 78 Fine sandstone grading upward to a medium sandstone:

a=-=clayey submature quartz arenite,
be--czlcitic bimodal mature quartz arenite. (also c¢).
d--czlcitic clayey mature quartz arenite.,.  (also e).
f-~s5iliceous mature quartz arenite with much

pore space (10~15 %),
le orange (10 YR 8/2) grading up to grayish
orange (10 YR 7/4). Thin bedded. Cliff former.
Upper weathered surface contains oblong hollows
arrang ﬂd in t‘O parallel rows in the cliff,
Heathors grayi orange (10 YR 7/k) grading up to
pale vellow1on bLOJn (10 YR &/2).

Very pa

Well sorted. Rounded grading up to sub-rounded

grains. Contacts range irom F through C/C; some
Su in lower portion. Fractured grains,

Qtz, single grain, straight to undulose; composite
grain, straight to undulouu, ElOHSQPQQ and bimodal.
uﬂc“0011ne sub-rounded to rounded, some angular,
sone LP”Cuured altered. Orthoclase.. Chert
igneous rock 1r:r“enua. Authigenic hematite in
pore space and in calcite. Magnetite or ilmenite.
Qtz overgrowths at base and top. Stains as ferrous
calcite. :

RG 79 Very fine to fine sandstone: hematitic clayey
bimodal immature quartz arenite with stylolites.

Grayish orange (10 YR 7/4). Platey bedding.
Re-entrant. V/eathers graV1sh orange (10 ¥R /1)
with green stain.

Vell sorted. Sub=-rounded grains, F through
Su contacts

t

ad. to undulose; composite
ted, bimodal. Mlcrocllre,
agments, also cenent.
X

tra
on
£
proxinately 11.%6 per cent
pr
T

Qtz, single grain, s
grain, undulose, elo
sub-rounded., Chert
Hematite in clay, ap
total rock. rlaj ap
rock, Coarse silt g

&
e

(DQJDJ

sa
o
T

jats

oximately 19 per cent total
Zz natrix,

!
RG 80 Fine sandstone grading up to medium sandstone:
grades from clayey to calcureous to siliceous
mature quartz arenite

Very pale orange (10 YR &/2) to graylsn orange .
(10 ¥R 7/4). Very thin bedding gradin g up to
medium bedding. Forms cliff. Weathers dark
vellowish brown (10 YR 4/2),




RG &1

RG 82

RG 83

Well sorted. Rounded grains. T, S, c/c contacts,
also F in the middle of the bed,

Qtz, single gre in, straight to undulose; composite
grain, elongaued bimodal, HMicrocline, rounded.
uuscov1uc. Dhjllﬁbe. Hematite in claj. Magnetite
or ilmenite. Calcite in pores. Qtz overgrowth,

Medium tc fine sandstone: clayey bimodal immature
guartz arenite. ‘

Dark yellowish orange (10 YR 7/6). Laminated
bedding. Re~entrant. Weathers pale yellowish
brown (10 ¥R &6/2).

Hoderately sorted, bub—rourdad to rounded grains.
F, T, 85, C/C grain contacts,

Qtz, single grain, straight to undulose: composite
A ? & o 3 3 g N
grain, unduloseé, Rounded microcline. Brown and
red clay. @tz silt matrix.

oa
\
se

one: calcitic bimodal

sandst
rtz arenite,

Medium © 3
submature ou

Grayish orange (10 YR 7/4) Wi
brown (10 YR 6/2) lenses, Co
bedding throughout., Fliff for
dark y911ovlah orange (10 YR 6/

m

oxww}

Moderately sorted. Sub-rounded to rounded grains.
Most T, also F and S contacts,

.Qt", single grain, straight to undulose, composite

grain, undulose, elonrqted bimodal, WCTOCllﬁe
Qub-roundea. Chert fragmonts. nematl+e in
calcite and also some crystalline. Mas gnetite,
Calcite, abo‘oxlnately 20 per cent tota rock,
is recryutulllvea into rnorbo wedges qtz,. Qtz
overgrowti.

Medium to fine laminated sandstone: siliceous
nmature quartz arenite,

Very p%le orange (10 YR 8/2). Medium bedded.
Cliff former. \Weathers light gray (¥ 7).

Well sorted in layers. Rounded grains. T, 3,
C/C contacts.

Qtz, hematite stained, single grains, straight
extlnctlon. chrocllpe rounded and altered.
Red clay with qtz fra bment sparse hematite,
Qtz overgrowth and clay cement



RG 84

RG 85

RG &6

RG 87

127

Medium' to coarse sandstone: siliceous nature
quartz arenite.

Dark yellowish orange (10 YR 6/6) to grayish
orange (10 YR 7/4). Thick bedded at base grading
vp to mediun bedded. Cliff forming. Weathers

a moderate yellowish brown (10 YR 5/4) to dark
yellowish brown (10 YR 4/2).

¥ell sorted. Rounded grains. T, S, C/C contacts.

Qtz, single grain, straight to undulose; composite
grain, undulose, elongated, bimodal, Orthoclase.
Perthite., HMicrccline, angular to rounded, altered,
fractured. Chert, metamorphic and igneous rock
fragments, Hematite in clay. Spotty calcite.

Medium to fine sandstone: clayey submature quartz
arenite.

Grayish orange (10 YR 7/4). Laminated bedding.

Re~entrant. Weathers pale yellowish brown (10YR6/2) .
well sorted. Rounded grains. T, 5, C/C, Su grain

ght to undulose; composite
grain, undulose, Microc ine, weathered, rounded.
Huscovite, ZXed clay, chert, netamorvhic, and
igneous rock fragments. Hematite in clay and
possibly detrital. Chert and clay cement.

Iine sandstone: siliceous submature binodal
quartz arenite,

Grayish orange (10 YR 8/4). Medium to thick
bedding., Cliff forming. Weathers yellowish
browvn (10 IR 5/2).

Moderately sorted. Rounded. T, S, C/C, S contacts.,

Qtz, single grain, straight to undulose, rutile-
inclusions; composite grain, undulose extinction.
Microcline, rounded. Orthoclase. Tourmaline,
Garnet. Metamorphic, two types igneous rock
fragments., Hematite occurs in clay and as large
blobs. Qtz overgrowth.

Mediun sandstone: siliceous supernature quartz
arenite,

Grayish orange (10 YR 7/L), Medium bedded. Cliff
former. ‘eathers pale yellowish brown (10 Y2 6/2).




At s o s e

RG 83

RG 89

RG 90

‘RG 91

Well sorted. Rounded grains. HMost S, also T

C/C contacts. ’

Qtz, single grain, straight to undulose; composite
grain, straight to undulose, ilcrocline, rounded.
Two types of igneous rock fragments. Hematite

occurs as blobs and outlining grains. Qtz overgrowth.

Medium sandstone: suvernmature cuarts arenite

oy Y

(cement dissolved out).

Grayish orange (10 YR 7/4). Very thin bedding.
Cliff former. Grayish orange wezthered color

(10 YR 7/L). ‘

Wlell sorted. Sub-rounded grains., T, S, C/C, and
Su contacts.

Qtz, single grain, straight to undulese; composite
grain, uadulose, elongated, bimodal, Perthite.
Microcline, rounded to sub-rounded, Hematite
outlines grains.

Medium sandstone: supermature guartz arenite
(cement dissolved out). '

Well sorted. DRounded grains. T, S5, and C/C
grain contacts,.

Qtz, single grain, straight to undulose; conmposite
grain, undulose, elongated, bimodal. Orthoclase,
clear, unaltered. Microcline, altered, rounded,
Hornblende. Metamorphic rock fragments. Hematite
occurs in blobs.

Medium sandstone: siliceous supermature quartz
arenite,

Grayish orange (10 YR 7/L), Laninated bedding.
Re-entrant. Jeathers pale yellowish brown
¢10 YR 6/2). '

Well sorted. Rounded grains., 5, C/C, and Su
grain contacts,®

Qtz, single grain, straight to undulose; composite
grain, undulose, elongated, bimodal. Hicrocline,
rounded. Hematite occurs in clay and outlines
grains. Clay and silica cenment.

Medium sandstone: siliceous supermature quartz
arenite, '



RG 92

RG 94

Ly

Grayish orange (10 YR 7/4). Thin bedded. Cliff
former. ;eathers dark yellowish brown (10 YR L/2) .

Vell sorted. Sub-roupqed to rounded grains.,
5, C/C, and Su grain contacts.

Qtz, single grain, straight to undulose; composite
grain, elongated, diicrocline, rounded. Orthoclase.
Chert, gnelss, and igneous hoc fragnents, Hematite
in clay, also replacing magnetite cubes, Qtz
overgrowth. ‘

lMediun sandstone: siliceous supermature quartz
arenite.

Very pale orange (10 YR 8/2). Medium bedded. CIliff
former, Jeauhe“s moderate yellowish brown (10 ¥2 5/4).

tlell sorted. Rounded grains, 7, S, C/C, Su
grain contacts,

Qb&, single grain, straight to unduloce e2; con
grains, uandulose, Hicrocline, rounded., &i:
Chert, brown ignsous rock iragments,
occurs as blobs and outlines sone gra
silica, and cnhlcedonj cements. 0tz

“) 3
Hy e ot

Medium sandstone: clayey binmodal immature guartz
arenite.

Very pale orange (10 YR 8/2) with grayish orange
spots (10 ¥R 7/1). Laminated beddins. Re-
entrarnt, Vieathers grayish orange (10 YR 7,4y,

Hoderately sorted. Rounded grains. T, s, c/C,
and Su contacts. :

Qtz, single grnln, straight to LMuulee, rutile
incluaion composite gralns, undulose. IMicrocline,
rounded uo sup-rounded, i4¢cov1ub. rietamorphnic
rock fragments, Hematite concentrated in rounded
concretions which act as a cenent *o atz grains,
Qtz grains in vqeuo cancretions are fractured.

Clay 18 per cent ~total rock.

Fine sandstone: siliceous supermature quartz arenite.

Pale orange (10 YR 7/2). Thin bedded., CLiff
forming, heathers 1lizht gray (8 7).

Well sorted. Rounded gralns. T, S, C/C contacts.
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Qtz, single grain, straiz ght to undulose; composite
grain, undulose, mﬂcrocllne rounded, Borqb?eade
rounaed. Chert, netanor nnwc two ty Deo of ioaeous
rock fragments. Patchy ca1c1»e cement. Hematite
in 5 mm concretions and also in ca101ue. Gtz
~overgrowths,

RG 95 Fine and medium lami: 1ated sandstone. slightly
" calcitic supernmature guartrz arenite.

Grayish orange (10 YR 7/L). Very thin bedded.
Cliff former. Weathers light gray (W 7).

Well sorted., Rounded grains. T, 8, C/C contacts,
~Qtz, single grai
inclusions: s comp
Microcline, roun
Calc;te in pore

raight to undu7coe rutile
rain, undulose ahd elongated,
gneous rock Iragments,
paces, lHenatite in calcite,

RG 100a. Fine sandstone: calcitic submature gquartiz

arenite,
Very pale orange (10 YR &/2). Thin bedded, mostly
covered. Sloee forming. Weathers dark yellowish

brown (10 YR L/2).

Moderately e ted. Rounded grains. T, S, C/C
grailn contact . »

Qtz, single grain, straight to undulose; composit
grain, undulose e70n‘ebed Perthite. Hicrocline,
roundéd. Chert’ fragments. FHematite in calcite,
in pore spaces , and possibly detrital. Qtz
overgrowth. Qtz and feld spar eiched by calcite,
Calcite lines some gtz in calcite matrix of
different orientation,

RG 100b Medium sandstone: calcitic 01modal mature to
supermature guartz arenize.

Very pale orange (10 YR 8/2). Thin bedded, mostly
covered, olone forming. \Veathers dark ye l1owlsh
brovn (10 ¥R 4/2)

Well “orted. Rounded grains, T

Ty S, C/C contacts.

Qtz, single grain, st1a1 ght to unduloue° composite
graln elongated, nodul Jvcrocllne rounded to
suo—engula O”tﬂOClmue. Muscovite, Calcite

in patches. Hematite in carbonate and around gtz
grains, Hagnetite. Gtz overgrowth,




i m%,.,,ﬁ%

RG 100¢

131

Medium sandstone: calcitic bimodal submaty e
guartz a renlte.

Very nale orange (10 ¥R 6/2)° Thin bedded, mostl
J DA ue $
covered. Slove former. Yeathers dark yellowish

. brown (10 YR L/2). ‘
Hoderately sorted. Rounded to sub-rounded. ¥,
T, and S5 grain coatacts,
Qtz, single grain, = st to undulose, rutile
1nciuu¢on:; conmosite srain, undulose, elongated,
bimodal., Hicroclin rounded, replaced by calcite
anu Pﬁﬂati e. ematite in calcite and in POres.

RG 100d Fine to very fine sandstone with coarse crains:
alcitic mature bimodal subarkose,

Very pale orange (10 YR 8/2). Thin bedded, mostly
cover“J Slope former, Ueathers dark yellowish
browvn (10 ¥R 4L/2).
Well to moderately sorted. Sub-rounded grains,
¥, T, and 5 grain contacts,
Qtz, single L0 undulose. Perihite.
Orthoclase, itine, rounded and altered,
Feldspar & per ck, 0.6 per cent
specific. Chert and igneous ock f;;;nanu
Hematite in calcite and in por Calcite 20 per
cent total roci. Avpears to have been some detrital
grains, Stains as ferrous calcite,

San Andres Linestone: all

RSA 1

RSA 2

of the following stain as

ferrous calcite and enit a strong hydrogen sulphide odor.
bllby dﬂs¢1cr1te.
Light gray (I 7) with pinkish sray (5 ¥R 6/2)

YR &£/2).
s cracks in
Three lavers of

$11t in calcite cement.

layers. ‘eathers onale Je*1o”1oh b“O!D (10
S1ilt eized quartz. Eenatite stai
limestone from tov to botion.
fine sandstone to coarse

Calcitic guartz arenite Wwith micrite lenses.
Pinkish gray (5 YR 8/1) fine sandstone witn
m

4=10 mm thick lenses of m. crite. Very thin bedding.
Forns cliff. Weathers pale yellovlon brown (10 YR 6/2).
Qtz, single gra_-, rounded, Orthoclase, rounded

to ub- nzgular, Microcline. Lourmallne, Magnetite.,



RSA

\H

Hematite. Calcite spar in eye shaped vuys and velns.
seudo~oolites, :

Clayey dismicrite.

Pale yellowish brown (10 YR 6/2) grayish
orange (10 ¥z 7/L). Platey bedding. CLiff
forner. Weathers graylsh orange (iO ‘R.G/L

10 YR 7/4).

i
&)

Sparse sili-si
and clay. Calci
round vugs,

guartz, Disseminated hematite
spar in veins and e”a-sr ped to

Claycy dismicrite.

Color varies from ﬁrayish pink (5 R 8/2), grayish

orange (10 ¥R 7/4) very pale oranse (10 v 3/2),

pale yellow1un brown (10 IR 6/2), ligh t rovnish’
nin bedding,

ot
"J

gray (5 ¥R 6/1). Platey to very thin

some apparent ¢ross ‘edb. CLiff f@fmingo Weathers
dark to vpale yellowish brown. (10 ¥R &/2 or &/2),
light olive gzray (5 ¥R £/1), moderate orangish

pink (5 ¥R o/4), grayish o*gnée (10 ¥2 7/4), and
very pale orange (10 YR &/2).

Disseminated hematite, some strunsg out in horizonta
laninations. Calcite sypar in round vugs, also
horizontal laminations of recrystallized calcite,
In upper layers, nest vuzgs are uniilled. Clayey,
some botryoidal layers. Pseudo-oolites,
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