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ABSTRACT

Late Pennsylvanian and early Permian strata in the north-
ernmost Sacramento Mountains of New lMexico were studied in
1951-52 to aid in interpreting the complex depositional history of
this time in south central New Mexico and to afford better under -
standing of the sedimentary and tectonic processes involved. For
this investigation, which is largely a field étpdy, five months
were devoted to mapping a critical area of about 80 square miles,
of which 30 square miles were covered in great detail, on a scale
- of four inches equal one mile. |

The map area forme the northernmost extension of the
Sacramento Mountain escarpment, which is formed by a block
that has been uplifted along a fault on the west and tilted one or
two degrees to the east., Prior to this late Cenozoic BEasin Range
faulting, the area was affected by early Tertiary gentle folding
and intrusion of Tertiary (?7) sills and dikes of acidic and inter-
mediate composition that cover about five percent of the area.
Minozr high-angle faults that were largely associated with the
boundary fault.zone occur in the area and locally cémplicate the
structure. Gvidence of late Pennsylvanian and early Permian
folding and high-angle faulting is present in the southeasternmost
part of fhe area of investigation. Various .iuaternary stream
deposits cover about one-fifth of the area, which is otherwise
unusually well exposed.

The evidence indicates that' deposition was essentially

continuous from late Pennsylvanian (Virgilian) into early Permian
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(W olfcampian) time within the area. This is significant in view of
the relationships within four miles to the southeast, where a major

angular unconformity separates Pemnsylvanian and Permian strata.

@

The sediments that are the time-equivalent of part of the hiatus rep-
resented by the unconformity have been designated by the author as
the Laborcita formation. The l'itholag-ic and faunal character of the
sedimémary deposits of the Laborcita formation indicate that abrupt
lateral transition toward the east and southeast from Ggén marine
conditions to terrestrial flood plain environments must have occurred
repeatedly within the distance of a few miles. The transition in en-
vironments was proved by lateral tracing of strata. One typical
Iaﬁera'} succession of contemporancous deposits was determined to
be maésive marine limestone; nodular argillaceous fusulinid-bearing
limestone; silty limestones, bearing abundant shallow marine forms
such as molluscs and brachiopods; dolomitic limestone; green
shale; and marine to non-marine red shale and other terrigenous
clastics. The lithology encountered in any one bed appears to be &
function of the distance from shore line and depth of deposition, and
the faunal content probably reflects the depth of deposition.

The cyclic repetition of certain sequences is locally con-
spicuous and appears t6 be related to the tectonic instability of this
area and to the episodic nature of the deformation in the area to the
southeast. Z«"roin late Pennsylvanian to early Permian time, the
deposits indicate a gradual emergence of the area and a transition

from marine to non-marine environments, although many fluctua-

tions are recorded and periods of relative stability must have occurred.
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Everywhere, the l.aborcita formation overlies upper Penn-
gylvanian marine strata and underlies the red beds of the Abo for-
mation. At the type locality, near the mouth of Laborcita Canyon
about 2-1/4 miles northeast of the town of La Luz, the Laborcita
formation is predominantly composed of marine beds and is 480
feet thick. About 3-1/2 miles to the southeast, a section of approx-
iﬁaately the same thickness consists for about 80 percent of non-
marine red mudstones. Within two more miles to the southeast the
Laborcita formation wedges out into the unconformity. About seven
miles northwest of the type locality, in the vicinity of Tularosa,
the L.aborcita formation thickens to about 1,000 feet. This marked
increase in thickness is partly caused by a gradual regression of
the Laborcita sea toward the northwest and a successive transgres-~
- sion of time lines of the upper contact of the Laborcita formation.

On the basis of fusulinid occu'rrencéa throughout the Labor-
cita formation, the age has been determined as very late Virgilian
and early Wolfcampian., In the lower part of the type section several
zones yiclded abundant fusulinids, which permiited an accurate ioca»
tion of the Pennsylvanian-Permian boundary about 90 feet abeére; the
base of the formation. Preliminary studies of the megafossils by
various specialists indicate some disagreement with the Permian
age of most of the Laborcita formation. The brachiopods mdicaté
an early Permian age, but the amunonoids from the clay pi%é east of
Talarosa.' that occur in a position a’boﬁf: 150 feet stratigraphically
above fusulinide of distinctly Wolfcampilan age, arc classified as

early late Pennsylvanian. The gastropods also exhibit affinitics
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with Pennsylvanian forms. On the basis of the fiecld studies and
detailed stratigraphic control, the author believes that the con-
flicting palcontologic age-assignments must be resolved by further
study and collaboration among the specialists of the different faunal
groups.

The non-marine strata overlying the Laboreita formation
coﬁﬁist largely of red mudstone, fine sandstone, coarse arkose
and minor conglomerate and comprise the Abo formation. In the
Tularosa area near the northern boundary of the Sacramento lMouns-
tains, the Abo formation intertoggues at the base with the upper
lower Wolfcampian marine strata of the i.aborcita formation and
is about 1400 feet thick. Twelve miles to the southeast, in the
north central part of the Jacramento Mountains, the Abo ranges
from 250 to 500 feet in thickness and overlies with angular uncon-
formity rocks ranging in age from early iVississippian to late
Pennsylvanian., The source of the Abo clastics is considered to
be the Pedernal Landmass, a positive area of pre-Cambrian ig-
neous an@ metamorphic rocks that existed during early Permian
timme in the northeasternmost part of the Sacramento Mountains,
and which probably extended for 100 miles, or farther, to the north.

Pray's work in the central and southern parts of the Sacra-
mento Mountaing indicates that the Abo formation is correlative
with the bulk of the FHueco formation. On this basis, Pray con-
siders the age of the top of the Abo formation either latest VWolf-
campian or earliest Leonardian. As the Abo formation interfingers

at the base with upper lower VWolfcampian marine strata in the map
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arca, it is largely considered to be of middie and late Wolicampian
age.

Thus, the Laborcita and Abo formations in the northern-
most Sacramento Mountains indicate that deposition there was es-
sentially continuous from late Virgilian through Wolfcampian time.
The deposits indicate a gradual emergénce of the area and retreat
of the marine wa'ters to the west and northwest, probably as a re-
sult of the late Virgilian-early Wolfcampian diastrophism of the
Sacramento Mountains in the area to the east and southeast.

In the Sacramento Mountains the Abo formation grades upe-
ward into the predominantly marine Yeso formation, that reaches
a thickness of about 1300 feet, It consists mostly of limestones,
shales, gypsum and sandstones and was not studied in any further
detail; The overlying San Andres formation is the youngest Paleco-
zoic formation of the Sacramento Mountaing and forms the crest
of the range.

In the course of the field investigation a zone of lower
Permian algal reefs was discovered northeast of Tularcsa in the
uppermost Laborcita formation. Detailed studies indicate that a
filamentous alga is the main cement-binding and frameworke-
building organism in these reefs, which average a height of about
35 feet, but which locally stood about 60 feet abovét"me level of

contemporancous sedimentation.
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I. INTRODUCTION
PURPOSE OF INVESTIGATION

The position of the Pennsylvanian-Permian boundary has
been a controversial subject for many years in various parts of
the world. In southern and central New Mexico the Pennsylvanian
System is largely composed of mariixe limestones and sandstones
which comprise the Magdalena formation. The lower pazrt of the
Permian System consists mostly of non-marine red mudstones
and arkoses which are included in the Abo formation. Therefore,
in this area most early geologists placed the base of the Permian
at the contact that marks the change from marine to non-marine
deposition. Where the contact forms an easily recognizable dis-
conformity or is an angular unconformity, as in most of the Sac-
ramento Mountains and farther to the south and southeast, the
position of the Pennsylvanian-Permian boundary is not in doubt.
For the areas, however, where deposition was essentially con~
tinuous and the change from marine to non-marine conditions was
gradual or wheie the relationships are less clearcut for other
reasons, the position of the contact is more controversial.

In the northern part of the Sacramento Mountains east of
Tularosa (Figure 1), dark gray shale yielded an ammonoid fauna
that was considered to be upper Pennsylvanian in age (Bdse, 1920,
and Miller, 1932). The shale occurs within a series of red beds,
and on this basis Bése {1920} considered the entire sequence of
strata as belonging to the Abo formation. However, in La Luz Can-

yon about eight miles southeast of Tularosa, the uppermost strata
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of a thick marine section that occur approximately in the same

stratigraphic position as the ammonoid-bearing beds, contain a

lower Permian (Wolfcampian) fusulinid fauna (Thompson, 1942,

p. 82).

On the basis of their lithologic characteristics, the

fusulinid-bearing beds were considered a part of the hMagdalena

formation. These contradictory relaiionship@ have been inter-

| preted in several ways:

1.

2.

3.

4.

The marine upper Pennsylvanian and lower Permian beds
of the Magdalena formation in l.a Luz Canyon grade later-
ally toward the northwest near ’i"ularoéa into red beds,
which have been correlated with thel._é‘-;\bo formation on the
basis of iithologic similarity (Figure 24).

The lower Permian beds near La lLuz and the upper Penn;
sylvanian beds east of Tularosa are unconformably over=
lain by the Abo formation. This would simply involve ex-
tending the unconformity at the base of the Abo formation,
?ecognized in most of the Sacramento Msuntains. and
farther gsoutheast, for 12 miles to the northwest (Figure
2B). The red strata underlying the ammonoid-bearing
shale are explained by facies changes.

Either the ammonoids or the fusulinids have been wrongly
identified as late Pennsylvanian and early Permian formas,
or the paleontologic time-scales of the ammonoids and
fusulinids do not coincide.

Various combinations of any of these relations.
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Figure 2. Interpretation of possible stratigraphic and structural
relationships in the northern Sacramento Mountains
based on information published before 1952.

At the suggestion of Dr. L. C. Pray, of the California In-
stitute of Technology, the writer, in 1951-52, undertook a detailed
field study éf? the upper Pennsylvanian and lower Permian strata of
the northern Sacramento Mountains, The imgmdiate objective was
to determine the exact stratigraphic relationships between the La
Luz Canyon and the Tularosa fossil localities and to determine the
position of the Pennaylvanian~-Permian boundary. Furthermore,

a cczmprehensiaﬁ of the nature and sequence of geologic events in

this area in late Pennsylvanian and early Permian time is of more
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than local significance and can lead toward a better interpretation
of the geologic recoxd in other parts of New Mexico.

In addition, Pray's work in the area to the southeast had
given indications that detailed field study in this area of such
unusually good exposures afforded promise of results of general
stratigraphic significance.

1. The area comprises one of the most complete sections of
lowermost Permian strata known in Nerth America.

2. The abrupt lateral facies changes from open marine con-
ditions to terrestrizl flood plain environments and related
lateral and vertical rock sequences can be studied within
a distance of a few miles.

3. Sed.imentary processes can be investigated in relation to
the structural development of adjacent areas.

4. The comparison of different groups of fossils, ammonoids,

" brachiopods, gastropods and fusulinids is of paleontologic
significance, once the relative stratigraphic position of
the various collecting localities is determined by field

. work.

The study of these groups has been mrned over to specialists
in each of the four major fossil groups, as the results could well be
of importance in solving similar stratigraphic problems in other
parte of the United States, such as West Texas, where the lateral

continuity of strata is more difficult to determine.
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NATURE AND SCOPE OF INVESTICGATION

The writer devoted about 20 weeks during the summers of
1951 and 1952 to field study of a critical area near Tularosa and
Lia Luz in the northernmost Sacramento Mountains, Otero County,
New Mexico. Mapping covered portions of two 15 minute quadrangles,
namely the southwestern part of the Tularosa Quadrangle and the
north central part of the Alamogordo Quadrangle (see Figure 1).

The area of study is about 80 square miles and was mapped
at a scale of four inches equal one mile or 1:15,625. Of this area,
about 30 square miles were mapped in éetail during approximately
16 weeks., This detailed area includes all outcrops of the contro-
versial uppermost Pennsylvanian and lower Permian marine strata
that extend along the mmountain front for about 12 miles. About half
the area mapped in detail extends below 33° latitude and was pre-
viously mapped at 1:31, 250 scale by L. C. Pray in 1947, and the
geology of the formations underlying the uppermost Pennsylvanian
strata on plate 2 is largely summarized from Pray's map.

Approximately four weeks during the months of September
and December of 1952 were devoted to mapping in lesser detail an
area of about 50 square miles north of 33° latitude that lies 1 to 6
miles east of the mountain front. Reconnaissance treatment of this
area seemed justified in view of the main purpose of the writer's
investigation. Furthermore,the uniformity of the lower Permian
strata in this area, all non-marine, and the extensive cover by
Cuaternary stream deposits of this part of the area, did not warrant

a more detailed treatment.
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Aerial photographs of the area were taken in 1936 and 1941
for the Soil Conservation Service of the United States Department
of Agriculture. As almost no vertical topographic control was avail-
able of the southwest quarter of the Tularosa Quadrangle, aerial
photographs were enlarged to a scale of about four inchga equal one
mile, which served as base for the geologic mapping. The base for
the final geologic map of the area north of 33° latitude was compiled
from a planimetric map issued in 1942 by the Regional Cartographic
Division of the Soil Conservation Service, at a scale of 1:31, 250,
Apparently this planimetric map is prepared from the aerial photo-
graphs., Where vertical control was deemed most essential it was
establiched by use of an Abney inclinometer and handlevel, using as
primary control a number of points with known elevations south of
33° latitude. In addition, several points in the northern part of the
area were determined by aneroid. These relatively crude controls
were used to establish approximate 100 foot contours in the area

near the fronﬁal escarpment mapped in detail. For the area south
of 33° latitude, the 1:31,250 topographic sheet with 100 foot contours
of the Lincoln National Forest was enlarged to the scale four inches
equal one mile. The narrow strip of topographic control along the
eastern edge of the southwest quarter of the Tularosa Cuadrangle
was also derived from the Lincoln National Forest map.

The area is notable for the rapid laferal variation in facies.
This feature, combined with cyclic phenomena of sedimentation re~
sulting in many similar thin beds and sequences of beds at different

horizons in the same formation, posed a difficult mapping problem.
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Beds were largely mapped by lateral tracing. 7Vhere they could
not be traced directly, correlations were based on lithologic char-
acteristics, faunal content and/or known stratigraphic position
with reference to other mappable horizons. On the maps (Plates
1 and 2) the lower contacts of the most persistent or easily recog-
nizable marker beds are indicated by green lines and numbered
according to their relative stratigraphic position. Symbols are
added to indicate the lithology of the marker bed.

Ten days were devoted to a detailed plane-table survey,
on a scale of 50 feet to one inch, and field study of algal reef
masses that are exposed near the frontal escarpmexit northeast
of Tularosa. .

Approximately two months were spent on laboratory in-
vestigations. These included petrologic and faunal studies of
specimens froﬁ: the algal reefs, petrologic studies of rock types

and preliminary studies of the thin sections from fusulinids.

LOCATION AND PHYSICAL FEATURES

The Sacramento Mountains are located in the south central
part of Neﬁ Mexico. In general, they trend slightly west of
north for about 30 miles and rise abruptly 3, 000 to 5,000 feet
above the surface of the Tularosa Basin. To the south, they
dec_line: into a low plateau which extends to the Texas border. To
the north, the range merges with the Sierra Blanca (Figure 1),
which is dominated by Sierra Blanca Peak with an elevation of
12,003 feet, the highest point in southefn New Mexico., Tula-

rosa Canyon forms the most natural geographic boundary
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between the Zierra Blanca and the Zicramento Mountains®,

The Zacramento Mountains formn an asymmetrical mountain
rdnge with a bold, west-fzacing escarpinent and a gentle east slope
that extends for a distance of 80 miles‘ from the crest to the Pecos
River. The crest of the 3acramento Mountaians rises to about
9,700 feet above sea level in the center of the mountain mass, but
no single pealk dominates this crest., The crest declines toward the
south and north, and near Tularosa Canyon, reaches a height of
about 8, 200 feet. Because of the general plunge of the mountain
mass, successively younger sedimentary formations form the
abrupt frontal escarpment (Figure 4) toward the north.

The Tularosa Basin ie bounded by the abrupt escarpinents
of the Sacramento IMountains and Sierra Dlanca in the cast and the

“

San Andres Mountains in the west. This prominent valley is about
30 to 40 miles wide and extends northward from the Texas border
for a distance of more than 160 miles. The Tularosa Baszin is an
area of interior drainage and its lowest point is at an elevation of
3,900 feet above sea level, about 35 miles southwest of Tularossa.
The level of alluvium of the basin adjacent to the mountain front
ranges from 4, 600 to 4,800 feet in the mapped area.

The area investigated for the purpose of this report lies

in the northernmost part of the Sacramento Mountains (Figure 1)%%*,

#*On the geologic map of the State of New Mexico, the term ""Sac-
ramento Mountainsg' includes the Sierra Blanca. The most recent
maps, however, use the terrn in the more restricted sense, which
is adopted in this report. (See Pray, 1952, p. 1).

#% The area bounded by Tularosa Canyon and 33° 10' N. latitude
(Figure 4), actually forms the southwesternmost part of the Sierra
Blanca, but for convenience of reference it is considered a part of
the northernmost Sacramento Mountains.
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New Mexico Highway 83, four' miles north of Alamogordo, forms
appro:zim@tely the southern boundary. The area extends nozrth-
ward from this highway for 17 miles to-33% 10* N. latitude, a
point five miles north of the town of Tularosa.

Alamogordo and Tularosa, which are located in the Tu-
larosa Basin near the base of the Sacramento Mountain escarp-
ment, can be reached by U. 8. Highways 54 and 70 and by the
main line of the Southern Pacific Railroad from El Paso. U. &.
Highway 70 crosses the northern part of the mapped area east
of Tularosa. The part of the area that falls within the Alamo-
gordo Quadrangle is easily accessible by the secondary roads
in La Luz and Fresnal Canyons (Figure 4). Many unsurfaced
rdads. particularly in the Tularosa Quadrangle, make the area
north of 33° fairly ac.cessible during dry weather. A car can
be driven to within two miles of any desired locality. The area
is very sparsecly settled, except for the nearby towns of La Luz
{population é,bcut 200) and Tularosa (population about 2, 000),
which are located in the Tularosa Basin.

The profile of the Sacramento Mountains on its west
side ia characterized in most areas by an upper and lower es-
carpment separated by a relatively flat avea or bench. This
two-atep pfoﬁle is particularly noticeable in the central and
southern portions of the range (Pray, 1952, p. 9). It is less
consgﬁicuous but also recognizable in the no;rt}:gera‘ part of the
Sacramento Mountains. Kast of La Luz, the height of the
lower escarpment or elevation of the bench ranges from 600

to 1, 000 feet above the base of the range, as compared to 3,000
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feet farther to the south. It becomes progressively lower tz:; the
north and at a point five miles niorth of Tularosa, this bench reaches
the level of the Tularosa Dasin. The slope from the basin to the
level of the bench is steep near the south and more gradual farth;e.r
north. This frontal scarp within the map area is dissected by many
east-west canyons, of which the most prominent, {romn south to
north, are: L.a Luz Canyon, Cottonwood Canyon, lL.aborcita Canyon,
Domingo Canyon and Tularosa Canyon (Figure 4). These canyons
and their tributaries increa'se considerably the area of exposure of
the Pennsylvanian and Permian strata in this critical area.

Above the level of the bench, the surface rises gently to
the east for a distance of 3 to 5 miles, beyond which it steepens
sharply. The gentle portion of this rising surface is largely under-
lain by the non-resistant mudstones and arkoses of the Abo forma-
tion. The abrupt change in slope approximately coincides with the
contact between the Abo and Yeso formations.

The field investigation covered mostly the area of the steep
frontal escarpment and the gently rising surface of the bench. Near
the frontal escarpment the rocks are very well exposed. The rocks
underlying the gently rising surface are locally poorly exposed, be-
cause of their non-resistant nature and the extensive cover of Qua-
ternary deposits. -

| The Tularosa Easin and the adjacent lower parts of the moun-
tains are characterized by a hot desert climate with summer precip-
itation and dry winters. (Russell, 1931, pl. 1}). The higher areas

have a hot steppe climate with summer precipitation and dry winters.



Most of the map area falls within the classification of a hot desert

dershowers during the months of July and August. The vegetation
is dominated Ly the commmon desert types of the southwest, such
as: ocotiilo, wmescal, cholla, prickly pear and mesquite, A few
junipers and pinon pines grow in the slightly higher eastern part

of the area. The area is only used for grazing stock in the colder
winter months, as the extremely high temperatures in the summer-
time offset the effect of the increase in moisture. The town of
Tularosa is largely an agricultural community as a result of ex~
tensive irrigation in the directly surrounding parts of the Tularosa

Zasin,

In this section the literature dealing specifically with the
upper Pennsylvanian and lower Permian stratigraphy of the northern
part of the Sacramento Mountains is reviewed in chronologic order,
References to previous work of a more regional or general nature
will be made in other sections of this report.

In 1920, Emil Bdse (1920, pp. 51-60) gave a detailed account
of several ammonoids that were ceollected by Baker and Drake from
shales in the lower part of the Abo formation 1-1/4 miles east of
Tularosa. DUse stated:

"There is not é. single form related to Fermian species,

but everything indicates that the beds belong to the Penn-
sylvanian and especially to the upper pazt of this system.”
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In the same year, Baker (1320, p. 1069) briefly referred to

the ammonoild locality east of Tularosa and indicated that the fodsil-
bearing shales occur 200 feet above the base of the Abo formation.
About other parts of the northern Sacrarmento Mountains he states:

"In the lower end of La lLuz Canyon, east of Alamcgordo,
the lower massive cliff-forming limestone of the Hagda-
lena is unconformably overlain by Abo conglomerates,
shales, limestones and sandstones. The conglomerates -
contain bowlders of Magdalena limestone in sizes up to
two feet. The basal Abo bed here contains more Fusulina
than any other stratuin noted in eastern New hiexico.,

This statement probably refers to the fusulinid-bearing strata
that have since been included in the Fresnal and lleller group (Thomp-
son, 1942) or the liolder formation {Pray, 1952) of Virgilian age.

In the same account, Baker (1920, p. 110} makes reference to the
unusually thick Abo section north of Tularcsa:

"The exposed Abo strata in the Coyote Basin, west flank
of Sacramento Mountains at their north end five miies
nozth of Tularosa, have a thickness of about 1400 feet,
the base not being exposed there. This section is charac-
terized by the presence of heavy arkose, interbedded with
sandstones, clayey and shaly sands and fossiliferous
limestones.

Darton (1926, p. 834) was the first geologist to question
in print the stratigraphic' position of the ammonoid-bearing strata
near Tularosa. Fe also discusses the nature of the contact be-
tween the Magdalena and Abo formations. Iis statement follows:

"The Abo-lfagdalena contact is an unconfor:nity with
time hiatus of considerable length, but at most locali-
ties without noticeable deformation. Cenerally it is
marked by sharp breaks of sediments, local conglomer-
ates, and some channeling, but in places there is uncer=~
tainty as to the precise plane of separation, especially
where red, sandy mewmbers are présent in the supposed
top member of the Magdalepa group.' .



In a footnote arton continues:

"The fossils reported by 29se east of Tularosa.....
may have been obtained from this member (top member
of the Magdalena group. *) ALlthough new cpecies, they
were thought to be Pennsylvanian but G. H. Girty in-
forine e that even i they were obtained from Abo beds
they are not diagnostic as to present age. "

Two years later, Darton (1928, p. 20) states that:

"In most places the Abo formation appears to lie un-

conforrnably on the Magdalena group, but the nature,

duration and extent of the hiatus are not known. "

In 1932 Pern made a systematic paleontologic smdy of a
number of faunas that were collected from several localities in
the northern part of the Sacramento Mountains, Although a few
measured stratigraphic sections were included, no detailed field
investigations were made. In his unpublished report Penn (1932,
p. 32) concludes about the Magdalena-Abo contact in the northern
Sacramento Mountains:

"The contact between the Abo formation and Magdalena

limestone is well exposed in numerous localities, in the
area studied, where the two are accordant, although

they are separated by an erosional surface. ' The evvs~
ional surface at the top of the Magdalena group shows a
relief which may amount in some places to as much as

fifty feet. "
Penn continues (1932, p. 33):
"The base of the Abo in every locality studied is a con-
glomerate member, which varies considerably but is
always present and nowhere more than 50 thick. ™
Penn (1932, p. 1) also discusses a fauna that was collected by Beede

and himself in the vicinity of Tularosa in a ''red sandy series which

is included in the Abo formation.' The fauna is principally a

b o €2 Gy @ @
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molluscan and brachiopod fauna and is supposed to be typically
upper Pennsylvanian in age. However, it seems that Penn (1932,
p. 66) includes zones, equivalent to the Wolfcampian, in the Penn-
sylvanian System. He statesy

"The {auna.....indicates that the fossiliferous part

of the Abo correlates with the Mciissick Grove Shale

of middle Wabaunsee formation of Kansas and Mebraska;

with the middle part of the Wolfcamp formation of the

Glass hiountains, Texas, with the Harpersville of mid-

dle Cisco group, and possibly with part of the underlying

Thrifty formation of the same group of northcentral Texas;

and with the lowermost Uralian of Ural Mountains, Russia."”
The entire ivolfcamp formation and the top part of the Haz'g}emvillé
are now considered lower Permian (Cheney, 1940, p. 94). With
presently accepted usages, the faunas would be lower Permian in
age. ‘

A, K. Miller (1932, pp. 59-93) restudied the fauna collec~
ted by Bse cast of Tularosa and confirmed the upper Pennsylvanian
aspect of the ammonoids. Miller regards the sandstones and shales
at Tularosa as the time-equivalent of the upper part of the lower
Cisco Series. The Cisco Series correspond to the Vifgilian of other
arcas (Moore, et al, 1944, chart 6). However, Miller doubts
whether all units of the Abo formation to which Darton assigned a
Permian age érc—z correlative with the type section located in Abo
Can*yon. 100 miles north-northwest of Tularoéa. Kiiller thinks that
the beds near Tularosa belong to a different formation (Miller, 1932,
p. 61), '@r at least to a different zone of the Abo formation.

MMoore (1940, p. 309) states that P. B. King agrees with

atiller's conclusion that the ammonoid-bearing beds near Tularosa

do not belong to the Abo formation. In 1942, King ({1942. p. 676)
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writes that the ammonoid collection from east of Tularcosa probably
came fromx the upper part of the Magdalena group. 4s to the contact
relationships between the Magdalena am‘i Abo formations in the Sac-
ramento Mountains, King and Read (King, 1942, p. 675) state the fol-
lowing:

Yin the Sacramento, San Andres and other mountains
of southern Mew Mexico, the usual limestone and other
marine sediments of the Magdalena pass upward into
several hundred feet of interbedded limestone, red and
gray shales, sandstones and arkosic conglomerates.
The limestones contain fusulinids and other inverte-
brates, and the shales contain plants, Above these
beds is the red, non-marine Abo sandstone. This unit
forms the upper part of the Magdalena group as it is

at present defined and mapped and no doubt will be
classed as a separate formation when further work is
done. It appears to mark a transition from the marine
conditions of Magdalena time to the non-marine condi-
tions of Abo time."

Iiing and Read continue:

"In most places, the sequence from Magdalena to Abo

appears to be unbroken, although local unconformities

may occur here and there. In a few places there iz a

pronounced unconformity, as at Caballero Canyon in

the Sacramento Mountains*®, where the Abo lies on the

upturned beds of the main part of the Magdalena, with

the upper beds missing.”

However, contrary to the view held by King and Read, Thomp-
son and Needham (1942, p. 907) stated that in many arecas of New
Mexico two unconformities of large magnitude are present between
the Fennsylvanian Magdalena formation and Fermian Abo formation.
The lower unconformity marks the contact between fusulinid-bearing
Pennsylvanian strata and fusulinid-bearing lower Permian strata.

'The other is higher and occurs above the fusulinid-bearing lower

Bermian strata and the base of the non-marine Abo formation. This

@ W @ e

*Approximately 9 miles south of the junction of i.a Liuz and Fresnal
Canyons.
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is the first statement to the effect that the basal Abo formation
might be younger than the base of the Permian System.

Algo in 1942, in a separate report, Thompson discussed
more specifically the area of the northern Sacramento licuantains
where he recognized lower Permian fusulinid-bearing strata.
Thompson (1942, p. 82) states the fcnowing:

"In Fresnal Canyon in the north end of the Sacramento
hiountains, upper Virgil strata of the Fresnal group
are overlain unconformably by 250 feet of strata of un-
determined age. These strata are composed largg,iy
of ciastic red shale, grey shale, sandstones and con-
glomerates. Although some of these rocks carry marine
fauna.s, diagnostic fossils have not been determined.
Permian fusulmids referable to the genera Triticites
and “achwagerwa are extremely abundant in 1'mmeax'a,tely
overliying strata that appear to be conformable. These
fusulinids ave closely similar to, and presumably are
closely related in age to fusulinids in the Foraker lime-
stone of Ilansas, the Saddle Creek limestone of Texas
and the unnamed limestone immediately over the Bruton
formation of central New Mexico."

With respect to the fossil-bearing beds near Tularosa,
Thompson (1942, p. 83) states in the same account:

"The cephalopod-bearing shales in the clay pit cast

of Tularosa lxthalog,wahy resemble raore closeiy the
strata above the I'resnal group in Fresnal Canyon

than they resemble any part of the type section of the
Fresnal group. However, the Pennsylvanian section
is apparently changing rapidly narthwaré toward Tula-
rosa to non-marine and brackish-water types of rocks.
It is possible that the shale of the Tularosa clay pit
may be equivalent in age to a portion of the type sec-
tion of the Fresnal group. The correlation between
the shales in the Tularosa clay pit and the stratigraphic
section exposed in T resnal Canyon is at present a moot
guestion.

Lower Permian fusulinids from rocks overlying strata of
Pennsylvanian age, similar to the F ermian iusulinids in Fresnal

Canyon in the northern Sacrarnento Mountains, were also



recognized at various other localities of central New Mexico. In

i

]

)46, these Wolfcarpian strata were given three different names:
the Red Tanks member of the Madera limestone in the Lucero up-.
1ift (Kelley and Wood, 1946); the Aqua Torres formation in the Los
Pinos Mountains (Stark and Dapples, 1946, p. 1154); and the Bur-
sum formation (Wilpolt, et al, 1946) in the l.os Pinos Mountains,
The name, Bursam formation, is preferred by the New Mexico
Bureau of iines and Jineral Resources and was also adopted by

. Russell Lloyd (1949) and L. C. Pray (1952) for the lower Per-
mian marine beds and underlying 250 feet of strata of undetermined
age in the northern part of the Sacramento Mountains,

In 1947, Pray started a detailed field and stratigraphic
study of the Sacramento Mountain area, which included the lower
Permian beds in Fresnal Canyon. In 1949, Pray said the follow-
ing, as quoted by E. Russell Lloyd (1949, pp. 32-33), about the
Bursum formation of the S3acramento Mountains:

"It is overlain with angular unconformity by a coarse

quartzite conglomerate at the base of the Abo forma-

tion. The formation thickens to about 350 feet a mile

north of Fresnal Canyon, but thins and disappears

within a few miles to the south and is not found farther

south in the Sacramento Mountains where it is cut out

by the unconformity at the base of the Abo."

A few years later Pray (1952, p. 228) stated:

"The upper contact of the Bursum formation with the

Abo formation has been considered an angular uncon-
formity in the Sacramente Mountains by the writer
(Lioyd, 1949, p. 32), but the evidence is not entirely
satisfactory. The contact appears unconformable locally.
Other local evidence suggests a transition from the Bur-

sum: formation to the red shales and quartzite-rich
conglomerates of the Abo formation. "
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Pray (1952, p. 357) discussed in the section "Recommendations
for Further Investigations' the area that is located north of his
area of study and that extends from La Luz Canyon on the south
to a point three miles north of Tularosa. Pray states the following:

"In most of this area, deposition appears to have been

essentially continuous from late Pennsylvanian into early

Permian time, and the formations deposited, the Ilolder,

Bursum, and Abo, do not appear to be separated by un-

conformities, '

It should be recognized that the earlier workers lacked the
field evidence to support their interpretations. One objective of
this investigation was to resolve the earlier stratigraphic prob-
lems and settle these conflicting staterments by a detailed field
study at a scale greater than two inches to a mile to obtain defi-
nite evidence to support the conclusions.

In 1952, Pray treated some of the structural features that
occur in the northern part of the Sacramento Mountains. e demon-
strated convincingly the late Cenozoic fault-block origin of the Sac-
ramento Mountains. (Pray, 1952, pp. 306-322). He also discussed
the pre-Abo and post-Abo deformation, evidence of which is present
in the northern paris of the Sacramento Mountains and he concluded
(Pray, 1952, p. 341): | |

"*Although the major folding occurred during the pre-

Abo deformation, later minor folding along the same

lines occurred during and after the deposition of the

Abe formation. " |
Pray (1952, p. 344) treated more specifically a prominent fault
feature, the I:"’revsnal fault, that occurs near Fresnal Canyon, in

the southeastern part of the area of present study (Figure 4), and

he indicated both pre-Abo and post-Abo movements on this fault.



He further states (Pray, 1952, p. 343):

"An isolated exposure of deformed Pennsylvanian

strata north of l.a Luz Canyon suggests that the

Freanal fault continues as a buried structural

feature at least for an additional two miles.

A detailed ficld study on a scale larger than two inches to
a mile might result in a more detailed knowledge of the exact se-
quence of events of this structurally complex area and afford a

better understanding of the relation between sedimentary and tec-

tonic processes in the northern part of the Sacramento Mountains.



II. STRATIGRAPHY
INTRODUCTION

PENNSYLVANIAN-PERMIAN BOUNDARY

General Statement

The boundaries 4of the recognized geologic systerns were
placed originally at strucwral, lithologic or paleontologic breaks
in the geologic columns of the regions where they were first studied.
The structural criteria, in particular, were used as a basis for the
division of the geologic column and regional stratigraphic correlation.
Such a division of the time-scale assumes the world-wide and per-
fodic recurrence of diastrophic events, which theory to date is still
strongly supported by many geologists. However, a number of ge-
ologists have always seriously questioned the validity of this theory.
More recently, Gilluly (1949) presented evidence that deformation
appears to take place almost continuously within the earth's crust,
but with different intensity at different places and is not a2 spasmodic
or episodic process that occurs contemporaneously in many parts
of the world., I this view is correct, diastrophism is not the ulti-
mate basis of correlation, and e%fen relatively widespread uncon~
formities can be expected to be represented by a thick sedimentary
section in other regions. Where unconformities originally defined
the systemic break in the geologic column, the problem now is to
determine the position of the system boundary in an unbroken sequence
of time-cquivalent strata. It will be shown that in the part of the Sac-
ramento Mountains investigated by the writer the Pennsylvanian~-Permian
boundary is locéll'y a marked angular unconformity, locally a discon-

formity and locally represented by essentially ‘continuous deposition.
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As was indicated by Tomlinson (1940, p. 349), lithologic
criteria are commonly of small importance in the selection of sys~
temic boundaries. Most distinguishable kinds of sedimentary rock
are not restricted to one geologic system. Tomlinson (1940, p. 356)
further states that a time-boundary, fegardless of other factors, .
should be drawn at that point in the column where the most signifi-
cant and extensive paleontologic changes take place.

Although Tomlinson's recommendation is followed in this
report for lack of better means of correlation, its limitations ought
to be recognized. The writer believes that if the paleontologic
record were complete, probably oanly gradual evolutionary changes
would be observed and that the time-boundaries in the geologic
record would have to be arbitrarily defined. One problem connecs
ted with this is caused by the migration of faunas, which results
in time differences between the same faunal changes in different
regions (Arkell, 1933, Figure 1). However, within a small area
and the present incomplete record, a horizon of significant paleon-
tologic change is’ usually marked by a break in the succession of
strata or by an environmental change; baﬁh reflect change of con-
ditions which usually have as an underlying cause the tectonics of

the area.

Paleontology

The family of the Fusulinidae has a range that coincides
with the Pennsylvanian and Permian Periods. On the basis of pre-

dominance of certain generic fusulinid groups, the total time



interval of these periods can be subdivided into certain zones, each
of which i3 characterized by a certain fusulinid genus. For example,
the Missourian and Virgilian are characterized by the zone of Tri-

ticites, the Wolicampion by the zone of Pseudoschwagerina (Thomp-

son, 1948, p. 4). The occurrence of not one but several new fusu-~

linid genera makes the zone of Pseudoschwagerina particularly useful

in identifying the lower limit of the Permian. The appearance of the

genera Schwagerina, Pseudoschwagerina and Paraschwagerina rep-

resents a great evolutional outburst above the hiatus at the base of
the Wolfcamp formation. Their distribution becomes world-wide
{(Dunbar in Mooze, 1940, p. 324). The faunal break above the zone

of Pseudoschwagerina is much less distinct. The genus Parafusulina,

from the zone of the same name, evolves gradually from the genus

gchwagerina.'

The Pennsylvanian strata of lMissourian and Virgilian age
are characterized by various species of the genus Triticites, with
none of the genera that are diagnostic for the Wolfcampian. As might
be expected, the genus Triticites holds over into the zone of Pseudo-

schwagerina and gradually dies out. The zone of Triticites is equally

recognizable in other parts of the world. Within the zone of Triti-
cites a certain evolutionary trend of species rank is recognized.

The early species of Triticites ave all small and silender and have’
relatively thin walls (Missourian). Gibbous forms develop in the lower

Virgilian and in the upper part of the Virgilian, Triticites ventricosus

&evelo;ps much larger than any previous forms (Dunbar, 1940, p. 269).
Other fossil groups have been used to determine the Fennsyl-
vanian-Permian boundary, but have generally not been accepted as

widely.
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Pennsylvanian-Permian Boundary in Other Regions

Russia*

The type section of the Permian Systemn was assigned by
Murchison in 1841 to a series of sandstones and conglomerates
overlying the Carbonifercus limestone of northern Russia. Later
detailed work found this eclastic series to be a facies of the upper
Carboniferous limestones, with a different stratigraphic position
in different parts of the region. Since then, the position of the
lower limit of the type Permian has been & subject of controversy.
Most Russian geologists chose the base of the Permian at the top

of the Sakmarian or the top of the Pseudoschwagerina zone. How-

ever, according to Dunbar (1940), the base of the Sakmarian would
form a more natural lower limit to the Permian System. It mnarks

the beginning of the rapid evolution of the Uralian geosyncline.

Western Europe®

In western Europe the base of the FPermian has always been
drawn at the base of the "'Rotliegendes', the European red beds.
As the "Rotliegendes' is in part equivalent to the marine beds of

the Pseudoschwagerina zone, and the underlying Carboniferous beds

are not younger than lowermost Stephanian (lower Virgilian), the
base of the Permian 3ystem when placed at the base of the Pseudo-

schwagerina zone, accords best with previous usage.

North America

Adams et al (1939, pp. 1673-81) proposed the Volf-

campian Series, comprising the beds of the "restricted” VWolicamp

#* The following paragraphs are summarized from Dunbar's review
of the type Permian section in Russia and its comparison with other
areas, ‘
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formation in the Class Mountains of West Texas (King, 1937, p. 94)
as the lowermost division in the Permian System. According to
Moore (1940, p. 316) the Wolfcamp formation contains, along with

the genus Pseudoschwagerina, the genera Schwagerina, Paraschwag-

erina and advanced forms of the genus Triticites; also the ammonoids

Ar'tinskia and Properrinites.

Qeté‘ailed discussions on the determination of the Pennsylvanian-
Permian boundary in north central Texas (Cheney, 1940, pp. 65-118)
‘and the Mid-Continent region (Moore, 1940, pp. 298-307) bring out

that the presence of the genus Pseudoschwagerina, although diagnos-

tic, is not essential for a Permian age of the containing strata. In

mdny areas, the genus Psevdoschwagerina is absent, or occurs con-

siderably higher in the section than the genus Schwagerina, which is
then considered diagnostic for the Permian.
These criteria are generally accepted in North America and

are adopted for this report.

STRATIGRAPHIC NOMENCLATURE

The lack of uniformity displayed by the Pennsylvanian and
lower Permian strata in large parts of New Mexico, resulted in
many stratigraphic terma for rock units of apprcximately the same
age in different areas. Furthermore, the boundaries of the rock-
units were not always clearly defined, and the indiscriminate usage
of time~rock and rock terms has added to the confused status of
the stratigrapbhic nomenclature in New Mexico. Thus, it is neces-
sary to review briefly and define the history of some of these terms.

The usage of this report is indicated on Figure 3.
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Time«Rock Units

The Pemnsylvanian was originaily defined by H. 5. ¥ illiars
in 1891 as the term for the “éi?éal Measures” (Willmarth, 1925, pp.
72-73) and had series rank as the upper part of the Carboniferous
System. However, most North American geologists have used it
with period or system rank, and in 1953 the United States .Geaiogica}.
Survey officially adopted systemic or period rank for the Pennsyl-
vani«'a;n in North America. The Permian System was defined in 1841
by kMuzchison for the series of sediments overlying the Carboniferous
limestones in Russia, and is used in this report as defined on the basis
of fusulinids,

The series names used by the New Mexico Bureau of ilines
and Mineral Resources {Lloyd, 1949, p. 16 and p. 34) for subdivisions
of the Pennsylvanian and Permian Systems will be used in this re-
port, except that the "an" or "ian" suffixes are added. The terms
Missourian, Virgilian, Wolicampian and Leonardian Series then
establish the framework for regional correlation.

The usage of the modifying prefixes, lower and upper, fol-
lowed by a series name, such as lower Wolfcampian, upper Virgil-
ian, indicates a relative position for the strata and does not imply
the presence of distinct faunal breaks and a shawply defined formal
subdivision of the series into stages.

Thompson (1942) classified the Pennsylvanian rocks in New
Mexico into eight groups and fifteen formatione. These lithologic
units are only recognizable near the type areas and hence not appli-
cable in regional correlation. However, the diagnostic fusulinid

content proved the usefulness of Thompson's divisions for regional
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Figure 3. Classification of rock units of portions of the Pennsylvanian and Permian Systems.

* Thompson's lithologic subdivisions of the Pennsylvanian have only restricted application,
Their diagnostic faunal content allows their usage as stages.
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tirne corrzelation. The term:s "Fresnal group" and "'Heller group”
have therefore only meaning as stages of the Virgilian in a2 time-
rocl classification and will be used in that seuse in this report.

The predominantly marine beds of early Wolfcampian age
in Fresnal Canyon have been referred to a3 the "Bursum formation”
{Lioyd, 1949, p. 32). The correlation of these beds with the type
Bursum formation in central New Meuico was establiched on the
basis ofl lower Wolfeamiaian fusulinids that occur in the upper part
of this unit in the Fresnal Canyon area. Ae the two areas are about
90 miles apart and the lithologies are not very similar, it appears
that Lloyd uses the "Bursum’ in a time-rock sense as a stage.
The name, Bursum formation, is therefore also abandoned in this

report. -

Rock Units
B ]

Gordon (1907, p. 500) proposed the name, Magdalena group,
for a rock unit, largely composed of marine limestones and sand-
stones.. between the Kelly limestone of Mississippian age and the
Manzano series in the Magdalena Mountains of central New 2exico.
Herrick {1900, p. 4) had p/revicusly named as the Manzano series
a section of red beds and associated strata in the Manzano Range of
central New Mexico. Gordon {1907, p. 4) changed the name from
Manzeno series to Manzano group. The strata of the .Magdalena
and Manzano groups crop out over extensive areas in central and
southern New Mexico and are regarded to be largely Pennsylvanian

and Zermian in age. Many stratigraphers considered these two



major units to be separated by an unconformity, which also formed
the boundary between the Pennsylvanian and Permian Systems in
many places.

The term, Magdalena, has been frequently used in a time-
rock sense, equivalent to the systemic term, Pennsylvanian, be-
cause of the position of the Magdalena group between beds of iMis-
sissippian and Permian age. This has caused much confusion, as
shown by Thompson's {1942, pp. 21-24) careful review of the term,
and he therefore decided to abandon the term, Magdalena. De Ford
and Lloyd (1942, p. 534), for diiferent reasons, essentially agree
with Thompson. Their statement follows:

"The term Magdalena has long been synonymous with

the Fennsylvanian of New Mexico. IMost petroleum

geologists follow this usage. To the editors (De Ford

and Lioyd)*, therefore, it seems inexpedient that

¥ing, partly at the suggestion of C. E. Read, has ex-

panded the term Magdalena 80 as to cross a systemic

boundary and include beds of VWolfcamp age. Read's

‘upper unit of the Magdalena' is commonly assigned

to the Abo. "

R. Z. King (1945, p. 21) recommends that the term, Magdalena,
"a relic of an antiguated type of stratigraphic nomenclature’, be
permanently abandoned. Bates et al (1947, p. 17) réjects the name
on grounds of "redundancy of stratigraphic nomenclature." Doth
Lloyd (1949) and Pray (1952) decided against the use of the term,
Magdalena, because of the stratigraphic confusion surrounding the
term.

However, as paleontologic criteria are used for establish-

ing time boundaries and lithologic criteria for the distinction of

e R

* Insertion by author.
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rock units, the contacts of rock units will very frequently not co-
incide with time boundaries. Thus, the writer feels that the name,
Magdalena, can be maintained, notwithstanding the possibly lower
Permian age of certain Magdalena beds in some parts of New Mex-
ico, as long aa the unit only includes strata occurring between the
Helly limestone and the base of the Manzano group. In the area of
the Sacramento Mountains, Pray (1952, p. 174) proposed a three-
fold division of the Pennsylvanian strata. He distinguished, in
ascending order, the Gobbler, Beeman and Holder formations.

Lee (1909, p. 12) subdivided the Manzano group into three
formations, which are, in ascending order, the Abo sandstone,
Yeso formation and $am Andres limestone. The Abo sandstone was
later changed to Abo formation by Needham and Bates (1943, p.
1654). Under the new definition, the base of the Abo formation
overlies the uppermost limestone layer of the lower %"Jolﬁcampiaﬁ
Bursum formation. Thus, the Bursum formation of central New
Mexico forms the uppermost unit of the Magdalena group, as it
was classified by King and Read (King, 1942, p. 675) and Stark
and Dapples (1946, p. 1153).

In this report, the predominantly marine strata between
the top of the Holder formation and the bace of the Abo formation
bave been designated as the Laborcita formation. The lower part
of this unit was formerly named the Bursum formation. Although
the Laborcita formation forms a distinctly mappable rock-unit in
the area where it was defined, a few miles away it becomes very
similar to the underlying strata of the Holder formation. There-

fore, the author deems it necessary to group certainly the Holder
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and Laborcita formations together in a unit of higher rank. In this
report, .the Holder and Laborcita formations together with the un-
derlying Jobbler and Deeman formations are treated as subdivisions
of the Magdalena group. This effectively contrasts the largely
marine character of the sediments of the Magdalena group with

those of the overlying non-marine red beds of the sibo formation.

PENNSYIL.VANIAN S¥YSTEM

In most areas in central and southern New Mexico, the Penn-
sylvanian System is several thousand feet thick and is largely com- |
posed of marine limnestones and calcareous shales, with only small
amounts of sandstones and red beds (Thompson, 1942, p. 17). The
lack of persistent and clearly marked lithologic units or unconfor-
mities make it difficult to distinguish rock divisions that can be
mapped over a wide geographic area. Pray (1952) in his study of
the Pennsylvanian System of the Sacramento Mountains introduced
a threefold division, which can be applied throughout the entire area.
The maximukz thickness of the Pennsylvanian section in the Sacra-
mento Mountains is about 3, 000 feet, but comumonly, where the upper
part has been eroded, the thickness amounts to about 2, 000 feet.

The lowermost unit of the Pennsylvanian System recognized
by Pray is the Gobbler formation, composed largely in the lower
part of shale, argillacecus limestone and very coarse-grained
quartz sandstone’ The upper part consists of ecither massive beds

of gray cherty limestone or of calcarcous sandstone and shale. The

- w e

*Grade scale according to Wentworth (1922) used in this report.
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feet. Where the gray cherty limestone is domninant, sheer ¢liifs,
503 to 700 feet high in some places, mark this part of the section.
This comspicuous lithologic unit is termed the Bug Scuffle limestone
member and forms much of the Gobbler formation in the High Rolls
area, the southern extent of the area of investigation. The age of
the Cobbler formation ranges from Atokan to the lower part of the
Missourian Series.

The Beeman formation overlies the Gobbler. It ranges
from about 350 to 450 feet in thickness é.nd is composed of shale
and ﬂain—%se&ded",‘ argillaceous limestone and feldspathic sandstone
in most of the area along the western part of the Sacramento Moun-
tain escarpment. This formation weathers to a gentle slope, in
marked contrast to the cliffs of the underlying Bug Scuifle limestone
member of the Gobbler formatisn. Toward the eastern part of the
Sacramento Mountain escarpment, limestones are predominant in
the Beeman forrnation. The age ranges from lower through upper
Missourian. In many parts of the central and southern Sacramanto
Mountains, the Abo formation overlies the Deeman at a distinct
angular unconformity.

The Holder formation is the upperimnost of the FPennsyivanian
formations named by Pray. In the northern part of the area it is
about 900 feet thick. Incomplete sections, generally less than 300
feet tﬁick, form cliffs that cap the high ridges in the central and
southern part of the escarpment. It is composed largely of white,
non-cherty limestone intervedded with sandstone, conglomerate and
red and gray shale. The base éﬁ the Holder formation is defined by

* Terminology according to McKee and Weir (1953) used in this report.
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the base of numerous discontinuous bioherms, 50 to 100 {eet thick.
In the northern part of the area, where the section is complete, the
top of the formation is formed by the base of the Laborcita forma-
tion. All of the Holder formation is Virgilian in age. The upper v
two-thirds were termed the Fresnal group by Thompson and as
these strata form an important part of the writer's problem, they

are discussed below in more detail.

HOLDER FORMATION

The name, Eiﬂmer'formaﬁon, was proposed by Pray (1952,
p. 208) for the strata that occur between the top of the Beeman for-
mation and the base of the overlying Permian strata of the Bursum
or Abo formation. Because of more recent evidence which indicates
a very late Pennsylvanian age for the basal par§ of the overlying
"Bursum formation' (L.aborcita formation in this report), the author
suggests a slight revision of this definitions as follows: the Holder
formation will include the strata that occur between the top of the
Beeman formation and the base of the overlying Laborcita or Abo:
formation. However, the contacts remain unchanged and are as
initially defined by Pray. The name is derived from Holder Ridge,
which is capped by massive limestone of the basal Holder formation.
The type section is located directly above that of the Beeman forma-
tion in the N?é%N’%’é’% sec. 14, T. 17 &., R. 10 E, in the central part
of the Saecramento MMountains. The Holder formation includes the
Fresnal and Keller groups in the classification proposed by Thomp-

son {(1942). According to Pray (1952, p. 214):
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‘“The Holder formation varies in both lithology and

thickness along the Sacramento Mountain escarp-

ment. The northernrnost section® is 900 feet thick,

movre than twice the thickness observed to the south.

Part of this difference is caused by erosion of the

upper part of the Holder formation at all loecalities

except the northernmost. However, the differences

in lithology of the strata remaining suggest that the

Holder formation was probably initially thinner toward -

the south.”

Thompson's detailed section of the "Fresnal group' forms the upper
530 feet of Pray's Holder formation. The top of this section forms
the base of the overlying Laborcita formation. North of Lia Lusz
Canyon along the frontal escarpment of the Sacramento Mountains,
no post-iiolder, pre-Laborcita erosion has been observed. It is
therefore inferred in this report that the 900 foot thick section of
the Holder formation is representative for the northern part of the
Sacramento Mountains. This figure has been adopted for the con-
struction of the structure sections (Plate 3).

In most of the map area (Plates 1 and 2 and Figure 4) only
the upper part of the Holder formation is exposed. Therefore, the
following discussion is largely devoted to the upper part of the Holder
that was originally discussed by Thompson as the "Fresnal group.’
Thompson's type section of the "Fresnal group' is exposed in La Lusz
Canyon along the old highway from Cloudcroft to L.a l.uz. The base
of the type section is about 20 feet above the road bed in the fourth
major arroyo about sinz-tenths of a mile northwest of the junction of
the roads in La Luz and Fresnal Canyons. The top of the section is
in the read cut in the second arroyo, one-tenth of a wmile from the
road junction. At the type locality the "Fresnal group' is 530 feet
thick. (Thompson, 1942, p. 73).

@ @0 o e e an

% This section is located near the southernmost boundary of the map
area of this report.
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Areal Distribution

The strata of the Holder formation are widespread in the
area of the Sacramento Mountains. According to Pray {1952, p.
209) the Holder formation is largely located along the fringe of the
Tularosa Dasin in the north and south end of the Sacramento Moun-
tains. In the central area it occurs as isolated resistant caps on
~many of the high ridges at the west front of the mountains.” In
the eastern part the beds of the Holder are absent, cut out by the
unconformity at the base of the Abo formation., .

Within the area of investigation, the base of the Holder for-
wmation is exposed along the front of the range as far north as the
mouth of Cottonwood Canyon, about ome mile northeast of La Luz.
From this canyon northwestward to the mouth of Domingo Canyon,
a distance of about 4-1/2 miles, the Holder formation forms the
lower part of the frontal escarpment (Figure 4). It extends about
three-quarters of a mile upstream along Laborcita Canyon and its
tributazry can:yona. The upper part of the Holder formation is ex-
posed in a few erosional windows through the overlying Abo forma-
tion in the upper end of i.2 Luz Canyon and along the west side of

Fresnal Canyon, between L.a Luz Canyon and State Highway 83.

Lsithology

Accozrding to Thempsoﬁ (1942, p. 67) the lithology of the
Virgilian Series, which includes the Holder formation, varies more
markedly geographically than the lithology of any of the other Penn-
sylvanian Series. The variations become eapecially marked in the

Tresnal group part of the Holder formation. Pray's report {1952,
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p. 187) inciudes a graphic log of the entire 900 foot section that
has been assigned to the Holder formation. The basc of the forma-
tion in most of the Sacramento iMountains contains many lenticular
bodies of essentially massive liimestone, with 2 maszimum thick-
ness of about 100 feet. They are considered bichermal accumula-
tions (Plumiley, 1953). The base of the FHolder formation was
mapped by Pray as a horizon coinciding with the basc of these len-
ticular bodies. Although bioherms occur throughout most of the
Sacramento Mountains, they have not been observed north of sec.
3, T. 16 8., R, 10 E. and thus are not found in the map area.

A pearly complete section of the Holder formation, shown
by graphkic log on Figure 5, is exposed in the La Luz anticline,
1-1/2 miles northeast of the center of the town of La Luz. The
base of the section is located 800 fect southeast of center of sec.
24, T. 158., R. 10 E. The basal 100 feet arc not exposed. The
lower 300 feet of the exposed part of the section, which approxi-
mately corresponds to Thompson's "Keller group'’, is marked by
the large amount of coarse and fine terrigenous clastics. Only
about eight percent of this section consists of limestone. The
sandstones are largely well sorted, calcareous sandstones, and
were probably laid down under marine or brackish water conditions.,
About 20 percent of the lower 300 feet consists of sandstones ané
pebble conglomerates, and the remainder is composed of poorly
exposed greemnish gray to gray shales. This is in marked contrast
with Pray's section in Indian Vells Canyon (1952, p. 187) where

alznost half of the lower 300 to 400 fect consists of limestone.
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The top part of the section in the L.a Luz anticline does not
differ very much from Thompson's description of the “Eresmi
group” in L.a Luz Canyon. In Thompson's section, thin,medium
gray, dense limestone beds are interbedded with gray and red
shale, arkosic sandstones and conglomerates. The average thicke
ness of the limestones is about four feet. Only three limestone
beds are over ten feet in thickness. The total accumulative thick-
ness of the limestones in the "Fresnal group' is about 160 feet,
or 30 percent of the section, compared with about 90 feet or 16
percent in the corresponding part of the Lia Luz anticline section.
Feldspathic sa;ndstonea and conglomerates occur in both sections
in about equal amounts up to 14 percent. IL.imestone conglomerates,
which océuz- very locally, are generally closely associated with
the massive limestone beds and are probably intraformational in
origin. They might indicate an erosional break of minor extent.
Greenish gray and purplish red shales and siltstones form the re-
mainder of both sections (56 percent in "Fresnal group’ and 70
percent in La Luz anticline). They suggest near-shore deposition
with altermating reducing and oxidizing conditions, A reduction in
the total amount of red shale is especially noticeable in the upper
portion of the section toward the northwest. Features indicating
cyclical deposition have been observed and Pray (1952, p. 213) de-
scribes one common cycle as follows:

‘Limestone that grades upward into white, massive

limestone, and thence gradationally or abruptly to

pale reddish brown marl, and thence to nodular lime-
stone. ¥
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Pray {1952, p. 209) reports that the proportion of red beds, lime-
stone conglomerates and nédular limestones increases toward the
top of the IHolder formation throughout the Sacramento Mountains,
The abundant, coarse, clastic rocks that occur in the section of the
i.a Luz anticline above the level of the bicherms and below the red
shales and nodular limestones are believed by Pray to thin out to-
ward the south. This lensing might, to a large extent, account for
the reduction in thickness nf the Holder formation to about 400 feet.

An overturned anticline in upper Pemnsylvanian rocke occurs
at the north side of Salada Canyon in ;3‘%% sec. 34, T. 158., R. 10 E,,
in the southeastern part of the map area. From the core of this anti-
cline Missourian fusulinids have been collected, probably belonging
to the Deeman formation. Fusulinids, identified by Thomgasen* as
middle Fresnal age, occur atratigraghica},ly 210 feet higher in the
section, in strata that are unconformably overlain by the Laborcita
formation. From these determinations it appears that the lower part
of the Holder formation thins perhaps as much as 200 feet in a lateral
distance of about 2-1/2 miles Ez;am west to east. The reduction in
thickness of the Holder. formation toward the east, shown on the
structure sections (Plate 3), is therefore due partly to primary dif-
ferences in section thickness and partly to later erosion of the upper
part of the Holder formation.

Strata of Pennsylvanian age are exposed in a few erosional
windows in the Abo formation in the upper part of La Luz Canyon, '
in p@rﬁieﬁs of sections 22, 23 and 27, T. 15S., R. 11 B, Ina few

places fusulinid limestones occur interbedded with gray shales and

e oW

*Personal communication.
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pebble conzlomerates. Un the basis of a late Virgilian age of
the fusulinids, the outcropping strata have been correlated with

the Holder formation. However, some massive limestone beds with
abundant chert and large amounts of green sandstone indicate that
these units poseibly belong to the Beeman or Gobbler formations.
The pre-Abo structural relationships are complex in that area,

and are difficult to interpret.

Conditions of Deposition

The various classes of marine organisms in the strata of
the Holder formation indicate a largely marine environment of
dépasition. The red mudstones in the upper part of the Holder
forrmation indicate very shallow water or local terrestrial condi-
tions. The fluctuations of the sea level probably exposed the near-
shore mud banks to the oxidizing conditions of the atmosphere,
preserving the original red color of the terrigenous clays and silts.
Under reducing conditions, which might have prevailed on the bot-
tom: of the ocean, the original red shales probably became green
in color.

Zlsewhere, evidence of cyclic r.epetition of certain litho-
logic sequences indicates advance and retreat of the sea, with each
cycle representing a marine invasion. The intraformational lime-
stone conglomerates might have been caused by local emergence of
the depositional aréa. or clse erosion at the wave-base level with-
out emergence of the strata above sea level. In both instances,
diastermns of very limited esxtent occuz.

The cross-bedding in the sandstones indicate shallow water
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conditions. l.ocally, a brackish water environment might have
¢ chert and quartzite pesbbles in some of the con-
glomerates are evidence of a nearby source for most of the clas-
tic material of the Holder formation. Much of the material was
probably derived from a landmass to the cast, that became an
increasingly more positive area towards the end of Pennsylvanian
and the beginning of Permian time. Thompson (1942, p. 12} intro-
duced the name '"Federnal Landmass' for this positive area, after
the Pedernal Iills 120 miles north of the map area in central MNew

Meunico.

Contact Relationships

According to Pray (1952, p. 215) the Holder forination is
everywhere in contact with the underlying Beeman formation. The
two formations appear to be parallel, and evidence of a persistent
erosional surface at the contact has not been observed. The upper
contact of the Holder formation is mostly with the Laborcita forma-
tion in the map area. In the southeastern part, the Holder forma-
tion is in direct contact with the Abo formation and the contact is
an angular unconformity. In the western part of the area where
the Holder and l.aborcita formations are in contact, the two forma--
tions are essentially parallel. In Fresnal Canyon, south of the
junction of Fresnal and La Luz Canyon, the upper contact is con-
sidered a disconforraity, or slight angular unconformity, sepa-
rating fusuiizniﬁ-bearimg strata from the non-fossiliferous, possibly

brackish water beds of the Laborcita formation.
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In the exposures along State Highway 83, about three-quarters
of a mile west of the tunnel area east of the synclinal axis, the con-
glomerates and red shales of the basal part of the Laborcita formation
overlie the strata of the Holder formation with an angular unconformity
- of as much as 15 degrees. As is shown on the structure sections HiH'
through INN' (Plate. 3) the contact between the Holder and Liaborcita for-
mations becomes a more marked angular unconformity toward the east,
cutting out the top part of the Holdér formation. *, In the upper part of
La Lugz Canyon, in sections 22 and 27, T. 15S., R. 11 E., about 60
feet of conglomerate and shale, that are considered to be equivalent
to the Laborcita formation, overlie with distinct angular unconformity
the eroded upper part of the Holder formadtion (Plate 2).

From the top of Thompson's type section of the “"Fresnal group"
southward in Fresnal Canyon, the upper contact of the Holder forma-
tion has been considered to coincide with the base of a lenticular pebbly
: conglomérate unit of a maximum thickness of six feet. This horizon
has been mapped as key bed 5 (Plates 2 and 4), but only persists for
800 feet northwest along the strike. Farther north the upper contact
of the Holder formation is marked by a phantom: horizon, mapped at
’a position 30 feet above key bed 4. The contact between the Holder
and the Laborcita formations north of La Luz Canyon is essentially
gradational, with no direct evidence of interruption in the sedimenta-

tion. The conglomerate noted by Thompson and said to marik "an

*By oral communication of L., C. Pray, Dr. L. M. Cline, of the
University of Wisconsin, noticed a slight convergence between the
Holder and i.aborcita formations in Fresnal Canyon southward on
the west {lank of the syncline. In the distance of 2 miles from
Thompson's type section of the "Fresnal group’ to State Highway
83, about 100 feet of the upper strata of the Holder formation ap-
pear to be cut out by the basal member of the Laborcita formation.
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obvious physical unconformity', must represent only a diastemic
break of very local extent. It is significant that in this area the
lithofacies of the two formations near the contact are very simi-
lar. The upper contact of the Holder formation is discussed in

more detail under the Laborcita formation.

Fauna and Age

According to Pray (1952, p. 216) "'a wide assort:nent of
brachiopods, corals, bryozoans, pelecypods and gastropods'' are
particularly abundant near the top of the Holder formation _in the
area between Dry and Fresnal Canyons. Also in La Luz Canyon,
in the excellent exposures of Thompson's type "Fresnal group',
the same fossil groups occur in large quantities. So far no de-
tailed studies of the megafossils have been published., A compar-
ison of this fauna with the collectione of the overlying L.aborcita
formation, which are discussed in Appendix I, might yield im-
vortant results for investigations of the Pennsylvanian-Fermian
boundary in other areas.

Fusulinids are abundant and have been studied by Thomp-
son and others. Thompson (1942, p. 74) recognized at least 20
fusulinid-bearing strata in the fossiliferous type section of the
"Z'resnal group”. Both the Missourian and Virgiiiaﬁ Series form
a part of the Triticites Zone. Dunbar (1940, p. 269) remarks that
the early species of Triticites are all small and slender and have

relatively thin walls. Gibbous forms, such as Triticites plummeri,

appear first in the lower Virgilian. In the upper part of the Virgil-

ian Zeries the much larger Triticites ventricosus are common.
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The fusulinid

w

of the "¥resnal group' are highly developed forms
of the genus Triticites. Iifty feet below the top, the large obhese

2ar o

specieg like Triticites ventricosus var. sacramentoencis Needhamn,

3

Triticites ventricosus Meek & Hayden, and Triticites consobrinus

Galloway and Ryniker, have been identified (King et al, 1949, p. 62).
Thompson (1942, p. 74) statee that the upper part of the "I"resnal
group! represents a part of the Virgilian that is "amongst the young-
est stratigraphic portions of the series known from North America. "
As ‘ﬁvil; be shown later in this report, the lowerthost 9C feet of the
overlying Laborcita formation are also considered to be of Virgil-
ian age. Thus, a very complete part of the upper Peansylvanian
System appears to be present in the northernmost Sacramento
Mountains.

Thompson places the boundary between the Missourian and
Virgilian Series at the base of the massive bichermal limestone

{Lloyd, 1949, pl. 4), which is the horizon mapped as the base of

the Holder formation.

Correlation and Regional Relationships

The regional correlation is based on Thompson's recogni-

E

tion of the "XHeller" and "Fresnal groups’ in the various areas of

followed in this report.
"The Virgilian is very widespread in New Mexico and has

been recognized at the surface as far northeast as the Pecos River,
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as far northwest as the Nacimiento Mountains, as far southwest
as Silver City, and near the south border of the state in the Hueco
Mountains” (Thompson, 1942, p. 67). On the basis of subsurface
information, it appears that east and southeast of the Pedernal
Mountaineg the Virgilian is one of the most widespread divisions
of the Pennsylvanian Systemn (Lloyd, 1949, p. 37). The Virgilian
marked a widespread advance of the sea in the New Mexico area.
In some areas the -1a£e Virgilian sea persisted through the duration
of the Pennsylvanian System:, as in the northern Sacramento Moun~-
taine where the Virgilian is very thick. In other areas the upper
part of the Virgilian, corresponding to the upper part of the Fres-
nal, appears never to have been deposited.

At the outset of Virgilian time, the sea extended over wide
areas of New Mexico. The lower Virgilian or Heller stage has
been recognized in all areas where Virgilian rocks are known.

Toward Fresnal time, a gradual shallowing of the ocean
took place, leading towards the development of more or less sep-
arate, but not isolated, basins of deposition, mainly west of the
proposed Pedernal l.andmass. The presence in some areas of the
red bed facies of the Eruton formation {lower ¥Fresnal stage), that
reaches a thickness of 120 feet, and is composed of red shales and
'arkoses, with interbedded, fossiliferous, nodular limestones, indi-
cates this development. Despite the gradual restriction c;i the
basins, the strata of the lower Fresnal stage are stiil relatively
widespread and occur as far as Albuguerque in the north, ilver

City in the west and near i.as Cruces in the south. In the eastern
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part of the Cscura Mountains, the BEruton formation grades south-
Ward'mm the limestones, sandstones and shales of the lower part
of the "Fresnal group' (Thompson, 1942, p. 81).

Cmn the basis of fusulinids, the upper Fresnal stage appears
to be present in an area including the San Andres Mountains, Ro-
bledo lountains and Sacramento Mountains west of the Pedernal
lLandmass {(Thompeon, 1942, p. 68 and 74). The zone of Triticites
ventricosus (upper Fresnal) has also been reported from the southern
L.os Pinos Mountains (Wilpolt et al, 1946), It feathers out towards
the Jovyita Hills in the west, where the Abo formation is in direct
contact with beds older than Wissourian. Thompson (1942, p. 74)
reports a ¥reenal section over 1,000 feet thick in the San Andres
Mountains., The area of the northern Sacramente Mountaing, the
Tularosa Basin and possibly including the San Andres Mountains,
appears to havé been part of one large marine basin that received
sediments throughout Virgilian and even early Volfcampian time.
Read and Wood (1947, Figure 2) showed that in the northern half
of New Mexico, deposition during the Pennsylvanian was controlled
by the developrment of a number of generally north-south trending
positive arecas and dépositiona-l basins which persisted through the
Virgilian. The evidence suggests that this general structural trend
was also dominant in the southern half of the state during the depo-

sition of the Virgilian and lower Wolfican:pian strata.
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ey ks T o I RN A
PERMIAN sYSTEM

The facramento Ev’;e‘suméins are on the northwestern edge of
the Perrnian Basin, Which.. in southeastern New Mexico and west
Texas, contains the thickest known succession of marine Permian
strats in the world (Pray, 1952, p. 219). In 1939, Adams et al
proposed a atandard Permian section and divided the Permian into
four series b&sec’i on type sections in the southeastern New Mexico-
western Texas area. His classification, from oldest to youngest,
of the VWolfcampian, Leonardian, Guadalupian and Ochoan was
widely adopted and is followed in this report. However, the United
States Geological Survey (iing, 1942, pp. 548-549, King and Knight,
1945) "still classes the' Wolfcampian as Permian (7).

The deposition of much of the Permian section was greatiy
afiected by the growth of barrier reefs, as was first pointed out
by iLdoyd (1929). Three major facies can be recognized on the basis
of the position of deposition with respect to the growing barrier
reefs; the back-reef or lagoonal faéies, the actual reef facies and
the seaward or pontic facies. The Sacramento Mountain escarp-
ment is located in the back-reef area and lies from 50 to 100 miles
northwest of the closest major reef masses. (Pray, 1952, p. 220).

The Permian strata of the Sacramento Mountaine range in
age from early Wolfcampian to Guadalupian. This study involves
mainly the strata of Wolfcampian age, which occur here in two dis-
tinctly different facies. The lower predominantly marine facies is
termed the Laboreita formation and the upper non-marine facies
comprises the Abo formation. As the Permian reefs largely devel-

oped during Leonardian and Guadalupian time, the term, back-reef
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facies, is of significance only in reference to the younger Permian
strata. These are, according to the classification used by Pray
(1952, Figure 35a), from oldest to youngest, the ?eso,v Glorieta { 7)

and San Andres formations, as indicated on Figure 3.

LABORCITA FORMATION

In 1942, Thompson (p. 82) describéed a series of strata
overlying the upper Virgilian beds in La Luz Canyon. These beds,
coinposed of red and gray shale, sandstone, conglomerate and a
few limestones, contained fusulinids of early VWolfcampian age in
the upper portion. Leds of similar age occurring in the central
part of New Mexico directly below the non-marine Abo formation
received three different names in 1946, Kelley and VWood {1946)
introduced the name, Red Tanks member of the Madera limesténe
in the Lucero uplift about 140 miles north-northwest of the northern
Sacramento Mountains. Stark and Dapples (1946) assigned the
name, Agua Torres formation, to a predominantly red bed sequence
interbedded with marine limestones, in the lL.os Finos Mountains
about 100 miles north-northwest of the map area. Wilpolt et al
{194%) designated the same sequence Bursum formation, which
term was widely adopted by the geologists of the New Mexico Dureau
of Mines and Mineral Resources. Lloyd (1949) and Pray (1952)
applied the same name to Thompson's sequence of 'transition beds™
that overlie the strata of the "Fresnal group’ in the northern end of
the Sacrarnento Mountains.

The evidence resulting from the writer's detailed field

studies necessitates a revision of the nomenclature of these strata,
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despite the undesirability of adding a new formation name to the
already confusing number of names for rock-units of Pennsylvanian
and early Permian age in New Mezxico. In the Jacramento Moun-
tains, the "transition beds’ consist largely of a marine sequence
of fossiliferous gray shales, limestones and sandstones, whereas
in central New Mexico the Bursum formation is predominantly
composed of red beds which occur interbedded with a few thin,
fusulinid-bearing limestones. Furthermore, the lower part of the
“transition series", which is non-fossiliferous in La Luz Canyon,
contains several zones of fusulinids two miles to the north, indi-
cating a late Virgilian age. The use of the name, Bursum forma-
tion, at least for the lower portion of the “transition” series, is
therefore not valid,

An alternaﬁve suggestion changing the definition of the un-
derlying Holder formation to include the upper Virgilian part of the
"gransition beds" and thereby restricting the name, Bursum for-
mation, to the remaining lower Yolfcampian portion is not feasible,
in view of the unconformity at the base of the "transition beds’ in
the area southeast of l.a i.uz Canyon.

The term, Laborcita formation, is proposed for the strata
consisting largely of gray and red mudstone, gray limestones, sand-
stones and conglomerates between the top of the Holder formgtion
and the top of the highest marine limestone underlying the main
mass of Abo terrestrial clastics. The base of the type section is
located 700 feet southeast of the center of sec. 13, T. 15 8.,

R. 10 ., at the north side of Liaborcita Canyon, from which the
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name is derived. The top of the type section is about one mile
northeast of the base., The lLaborcita formation is 48 feet thick
at the type locality, which was measured along lines 18, 19 and
20 of Plate 1.

To illustrate the very abrupt lithofacies changes of the
Leaborcita formation, 34 stratigraphic sections measured through-

out the entire exposed part of the unit are plotted graphically on

Plate 4.

Areal Diistribution

The lL.aborcita formation crops out as a narrow, 17 mile
long strip through the entire length of the map area (Figure 4).

The beds form a narrow band of outcrops east of the Holder for-
mation from a point cne~-quarter mile south of State Highway 83 to
Cottonwood Canvon, for a distance of about five miles. From Cot-
tonwood Canyon northward to Domingo Canyon for four miles, the
lower portion of the Laborcita formation forms the crest of the
frontal escarprment. MNorth of Domingo Canyon, the upper part of the
Laboregita formation forms the entire frontal escarpment for a dis-
tance of about eight miles.

A few conglomerate beds of the Labozrcita formation that
are exposed through windows in the overlying Abo formation, are
located three miles east of the junction of L2 Lauz and Fresnal Can-
yons. Southeast of the map area, the Abo formation directly over-
lies the truncated beds of Pennsylvanian and Mississippian age;
and the lL.aborcita formation has not been formally recognized in

that area.
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Lithology
General Features

The Laborcita formatian is composed of widely different
sedimentary rock types. As a formation, it truly reflects the chang-
ing conditions of a predominantly marine to a predominantly terres-
trial environment of deposition. Thin«bedded, argillaceous lime-
stonee grade into thick-bedded limestones and occur interbedded
with gray. green and red, commonly calca_reous mudstones and
shales. Pure quartz sandstones, feldspathic sandstones, arkoses
'and subgraywackes are present; sandstones grade into conglomer-
ates with clasts of varying composition and size. Except for the
shaly intervals, the single lithologic units are rarely over 15 feet
thick. Many of the beds occur in a cyc':ilical repetition, but less dis~
tinctly than in the underlying Holder formation.

Many of the strata do not extend laterally more ‘than a few
hundred yards and lens out or grade laterally into a different rock
type. Calcareous shales grade into nodular Hmestones'and/er
thick-bedded limestones. Limestone conglomerates may grade into
thick-bedded limestone beds in one direction and into chert pebble con-
glomerates in the opposite direction. A few beds, l;:owever. appear |
with relatively greater persistence and are continuous for several
miles,

The abruptly changing lithofacies cause sections, only a few
hundred feet apart, to differ considerably. Therefore, it is prac-
tically impossible to distinguish subdivisions in the Laborcita for»

mation that could be recognized over much of the map area. In the
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field, horizons formed by the base of many locally recognizable
rock units were mapped, and detailed stratigraphic sections were

measured and described throughout the area. The more persistent

of the rock units were used to correlate the many measured strati-

graphic sections, and the relative stratigraphic position of previously
known and newly discovered fossil occurrences was determined ac-
curately.

In an attempt to portray the abrupt facies variations in the
lLaborcita formation, graphic logs of 34 of the correlated secﬁisﬁs
arec plotted on Plate 4 at a scale of 50 feet equal 1 inch. The mapped
horizons are numbered consecutively upward in the section accord-
ing to their relative stratigraphic position. The <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>