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ABSTRACT

Areally restrié:ted beds of the Mississippian a:r.ld Pennsylvanian
periods occur in the Magdalena, Mounta.ins.of wésf;—-central New Mexico.
In surrounding areas, some sections previously considered Pennsylvan?'\an
in age are now believed to be of Permian age. The cdnglomeratés and
sandstones of the Caloso Formation are a typical transgressive sequence.
The -gliay, crinoidal wackestones and packstones of the Keily Formation
represefnt subtidal deposition on a shallow marine éi'xelf. Dark, carbona-
ceous silales, cqarse—grained quartzite_s, and thin, gray i:ossili.ferous,
micritic limestones found in the Sandia Formation represent deposition
on a shoreline complex, The Sandia nomenclature oi" lLou‘ghlin and
Koschmann (1942) is difficult and impractical tlo use and its further use
is not supported. The homogenous, micritic limestones of the Madera
- Limestone are thought to have accumulated.on a sha.lléw; rr;ar:'me, ca¥bonate
shelf characterized by local, deeper? more restricted areas. Mississippian
and Pennsylvanian rocks in the Magdalena Mountains provide an ex;.mple of

ancient marine shelf sedimentation similar to models presented by various

authors representing sedimentation on modern marine shelves.



INTRODUCTION
Area of Study

The area of investigation embraces the west-central por:tion of
Socorro County, New Mexico and centers in the 'Ma.édalena. Mountai:as
where Mississipﬁian and Pennsylvanian rocks- are well exposed. The.
t“;‘;'_pe section of the Magdalena Group is located in the northern; Mggdalen'a,
Mountains., At the type section, the Perméyﬁ@vanian sequence is al').out 1,200
feet thick. Loughlin éﬁd Koschmann ‘(19_42) diﬁded the Magdalena Group
into the Sandia Formation below and the Madera Limestong é.bove.

The underlying Mississippian strata a1;e .about- 125 fe_éet thiclk.
Armstrong (1958} divided the Mississippian in the Magda;v_.lena Mountains

into an underlying Caloso Formation and an overlying Kelly Limestone, - -
Purpose of Study

The primary objectives of the present study are:

1, definition of pragtica.l stratigraphic; units for mapping

2. observation of facies changés within un?.ts

3. description of the petrologic character of the units

4, intérpreta.tion of the environments of deposition of the units

in the Mississippian and Pemnsylvanian Systems,



Method of Study

Five outcrop areas were chosen for sampling and section
measurement by the brunton and tape method. Locations of the sections
are shown on plate 1. They are:

1. North Fork Canyon, Magdalena Mountains

2. North Balciy, Magdalena Mountain.s

' 3.l Tip Top Mountain, Magdalena M'ouni':ains
4, Olney Ranch, .Magda.lena. Mountains

5. Tres Montosas, Ga.llin;s Mountains

Samples from the five sections (Appendix I) and from a ;iri],l hole
south of Tres Montosas were analyzed petrographically wit}‘z some supple-
‘mentary x-ray diffraction analyses. Data accumulated from thin section |
analysis may be found in Appendix II. All classification systems used in

this study are located in Appendix IIL,
Location and Accessibility

The Magdalena Mounfa.i.ns lie about 20 miles west o‘f Socorro and
70 miles south of Albuguerque in west-central Socorro County, New Mexico.
Tres Montosas is located about 15 miles west of the Magdalena Range (fig. 1).
Magdalena, New Mexico, a village of ;a.boﬁt 650 éeople, is the
principle settlement of the region. Magdalena is located 26 miles west of
Socorro on State Highway 60. From Magdalena, the sections. in the
Magdalena Mountains are reached by mining and Forest Servﬁ.ce roads

that provide access up the rugged slopes and along the crest of the range
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for 4-wheel-drive vehicles. The Tres Montosas section is reached by

traveling 5 miles west of Magdalena along Highway 60, then north.
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PALEOTECTONIC SETTING

Several Precall'nbrian land masses, collectively referred to as
the Ancestral Rocky Mountains, are known to have existed throughc:mt
the Late Paleozolic. Included among these are the Pehasco-Uncompahgre
positive area centered in north-central New Mexico, the Zuni-Defiance
uplift of noxthwestern New Mexico and northeastern lArizona, the Pede‘rna.lA
uplift in central -Nex;v Mexico, the Kaibab Arch ;3£ north-central J-Arizona.,
the Florida 1a:;3.c'1fna.ss of southwestern New Mexic‘:o;f the “Joyita uplift
north of the present Joyita Hilis of west-central New Mexico, and ’che.
Sierra Grande Arch in northeastern New Mexico and ‘sputhéastern Colorado
(fig. 2). |

A tectonic pattern initiated in early Os;age ti:cn:a affected Mississippian
sedimentation in southwestern New Mexico thr‘oughout the period (Armétrong,
1962). Three elements were important in this tectonic pattern {(fig. 3):

| 1. the Pehasco uplift |

2. a slowly sinking shelf to the south

3. a fapidly subsiding shelf region in the extreme south.

The Péfza.sco uplift was a low island that remained barely awash
throughout the early and middle Paleozoic, Awvailable evidence (Kelley
and Silver, 1952; Ko.f:tlowski, et al.,, 1956; Armstrong, 1958 and 1962)
indicates that it was a major source of clastic material only in th-.e late
Cambrian Period and was, by early Mississippian time, only a penépléned

surface cut on Precambrian metamorphic and igneous rocks,
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South of the Pefasco uplift, a shallow shelf area developed and
subsided at a2 slow rate until the end of Merameé: time. Subsi;lence of
the gently sloping shelf was moxe r‘apid in the so;lthern pért of the state.

In south-central New Mexico and the Trans-Pecos region of Texas,
Armstrong {1962) noted the development olf a starved basin facies with an
open marine shelf carbonate facies to the west in soutlu:wesf:ern New Mexico
and southeastern Arizona.

The maximum inundation began in Kiﬁderhookian time and was
aff.ecteci by an eastward transgression from the Cozrdilleran mi'ogecl) syn-
cline through the Paradox Basin, arouﬁd the north flank of the Zuni-
Defiance uplift, and into portions of the present San Juan Basin. Corniﬁg
from the south, another transgression -passed between the Pe&e:;:'nal
A highlands and the Zuni-Defiance upiift. By 1ai{:e.Osage f;ime, the seas

covered north-central New Mexico, reduced the Zuni-Defiance uplift to
a mere island and completely covered the wealﬁy developed Transconﬁnental
‘Arch (Armstrong, 1967); |

Following a period of uplift at the end of the Mis siésippi_.a.n, all of
" the Paleozoic positive areas became contributors of debris to»Pennsylvanian
sediments in New Mexico., The Joyita Eighlands and the Floridahighlands
never gained more than local importance -a'nd the Zt?ni—Defian‘ce landmass
was periodically awash beneath the shallow Pennsylvanian seas. Parts of
the Pedernal uplift became important contributors of debrié while the Kaibab
uplift was important only as a local source for the Supai Delta in north-

western Arizona {Kottlowski, 1960). —



A number of areas that tended to remain morée negative than the
surrounding shelf areas also played important 'foles in Pennsylvanian
sedimentation, Among these basins were the Estancia, Lucero, and San
Mateo basins of central New Mexico, the Orogrande basin of south-central
New Mexico, the Delaware basin in the southeast corner of the state, and
the Pedregosa basin of extreme southwestern New Mexico and southeastern

Arizona.
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MISSISSIPPIAN PERIOD
Previous Work

In the Magdalen;a Mountains, Herrick (1904) named a Mississippian
section consisting of crystalline light-colored limestone with an interbedded
dense, dolomitic lime, the Graphic~Kelly Limestone. The name Wa‘.s
derived from two major mines in the dist:;:ic-f:. Three years later, Gordon
(1907) revised the nomenclature and called the same section'the- Kelly
Lixnesti)ne after nearby Kell.y, New Mexico.

Loughlin and Koschmann (1942); while studying the éeology- and
ore deposits of the Magdalena mining district, collected a small number _
of foss;ils near the base and near the top of the'Mis;issippian section. A
study of these by G. H. Girty suggested they were ofl different geologic
age. Additional work in the ar ea, along wiﬁh observations in the Lemitar
and Ladron Mountains, led Armstrong (1958) to divide the Mississippian
" section into a lower Caloso Formation and an upper Kelly Fo.:cm'aﬁSn.
Armstrong (1955} had previously named the dalo sQ For;nation for ’a:the

basal part of the Mississippian section in the Ladron Mountains.
Regional Stratigraphy

In New Mexico, Mississippian rocks represent a period of time
extending from Late Kinderhook through Middle Chester {fig. 4); hoxveve;.-,
Late Mississippian and Early Penmnsylvanian erosion extensively removed
Mississippian sediments from large portions of the state making recon-

struction of the different Mississippain facies difficult.
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NORTHERN NEW MEXICO. The thin Upper Meramec limgstones
of the Arroyo Penasco Zé"c;rmation are the only known Mis si_ssippian rocks
in hor;‘,hern New Mexico and, along with the upper pa.r‘t: of the Hachita
Formation in the southwestern part of ﬁew Mexico; represent the Pnl'y
rocks of known Meramec age within the state. Armstrong‘(l967), m
discussing the Arroyo Pebasco Fo:r:mation,A described a 2~ to 60-fooi-
thick basal unit consisting of quartz conéiémérate, sandstone,l and thin
shale. I—Ic-; divided the ov'erly-ing carbonates into three incomplete cycles.: -
In éscending order thesel are: 1).a lower dolomite; 2} z.a.linédial wack.e- ’
stone to lime mudstone; and 3) a wackéstone to oolitic packstone overlain .

by lime mudstone ox intertidal dolomite.

SOUTH~CENTRAL NEW MEXICO. The extent and fa.u:nall assembla.é;es
of the earliest Mississippian rocks in the central part of the state are not |
clearly known. These rocks, first named the Caballero Formation bfr
Laudon and Bowsher (1941), are indicated by a large invertebrate fauna
" to b.e Late Kinderhookiax;. kCﬁouteau to Gilmore City) in age. The focl;s
disconformably overlie various Devonian formations.

The Caballero.Fo:;mation varies from a feather-edge to 60 feet in
thickness and is a gray, mottled, nodular, shaly limestone with inter-~
bedded thin, calcareous shales. Locally, a thin, fissile, bl'ack, basal
shale is present. The overlying Osage rocks‘in south-central\ New Mexico
are divided into the Lake Valley Formation, representing Early and Middle
Osage {Fern Glén and Burlington) times, and the Kelly Formation

representing Late Osage (Keokuk) time,



Laudon and Bowsher (1949) recognized six members in the Lake
Valley Fo;:mation. In ascending order they are: 1) 35 feet of gray,
fossiliferous limestones of the Andrecito Me-n.aber; 2) 30 to 50 feet c;f
massive, cherty, poorly fossiliferous, cliff-forming, black limestones
of the Alamogordo Member; 3} 1 to 100 f.eet of soft, blue-gray marls and
nodular, crinoidal limestone of the Nunn Member; 4) 10 to 125 fee;'c of
medinm-bedded, cherty, gray to brown, crinoidal coquinas of the Tierra
Blanca Member; 5) 25 to 230 feet of soft, thin-bedded, gz;;a.y', calcareous
siltstones and sha:les of i.:he Arcente Membe¥r; and 6) 175 feet of medium-~
bedded to massive, gray to black, cherty, cz;'inoidal cdquina.s of the Dona
Ana Member, 'I’he'Kelly Formation, of Keckuk age consists of a:s much
as 125 feet of somewhat-massive, gray to tan, cheri;y-, ‘crinoidal limestone |
(Laudon and Bowsher, 1949).

SOUTHWESTERN NEW MEXICO. Armstrong (1962), while working

in Cochise County, Arizona and in Luna, Hidalgo, and Grant Counties of
Southwestern New Mexico, named the Mississippian rocks the Escabrosa
Group. The Escabrosa Group has a minimum thickness of 650 .feef, i':u.‘the
Peloncillo Mountains and a maximum thickness of 1, 000 feet in the Big
Hatchet Mountains .of New Mexico. Armstrong also divided the Escabrosa
Group into a lower 350~ to 590-~foot-thick Keating Formation and an upper
250~ to 350-foot-thick Hachita Formation.

The oldest Mississippian rocks found in southwe;stern New Mexiv;o
are the Early Osage (Burlington) Alimes‘tones of the Keating Formation. -

Armstrong (1962) divided the Keating Formation into a lower member A




and an upper member B. The lower part of member A con_sist:s of ahout
50 feet of well-sorted; crinoidal limestone. ‘ Above this is 20 to 50 feet

of massive, dark-gray, nodular limestone with an abundant and varied
fauna of corals, brachiopods, endothyrids, blastoids, bryozoans, crinoids,
and occasional trilobites and gastropods., Member B conéists of dark-
gray, thin-bedded, lithographic, pelletoidal limestones that gr.ade into
crinoidal calcarenites with a sparse brachiopod, coral, and bryozoan |
fauna.

- “’The overlying I;Ia:c:hita Formation ranges in age from Late Oéage
(Keokuk) to Late Meramec (St. Geneviéve). The lower part of the
Hachita Forrﬁation is primarily light-gray massive, crinoidal limesto?ne'
with irregularly occuring chert nodules; Above this pﬁre crinoidal
limestone, the proportion of brachiopods, Er;fozoans, and endothyrid |
foraminifera becomes greater.

The Paradise Formation is present above the Hachita Formation. |
Tl;e 250~ to 300-foot—£hi;:k Isa.ra.dise Formation is comprised of thin, .
interbedded limestones, shales and fine sandstones. The Paradis;é
Formation is Late Meramec (St. Genevieve) to Middlle Chester (Homberg)
in age and is the only fo:rmation known to be of this age in New Mexi.co.:

Presentr evidence demonstrates f::ontinuous deposition from Osage
through Meramec time and if there is a hiatus preséﬁt it is completely
masked in the field (Armstrong, 1962). The.'regressive Chester sequence,
however, refle;::_ts a distinct departure from the widespread environment

of stability that prevalled through most of the Mississippian. The structural




and sedimentation patterns that were to dominate the Pennsylvanian

Period were clearly defined by this time (Kottlowski, 1960).
Local Stratigraphy

Armstrong (1955), working in west—-centrall New Mexi;o di‘\;icied
the Mississippian into a lower Caloso Formation g.nd an upper Kelly
Formation. He defined the 0 to 30 :Eoot,' pre_-Keokuk, Caloso Formation .
as a sequence of basal sands,‘ é,rlcoses, and shiles ovérlain by a fine-
grained, cherty, algal; J‘;na.s sive, gray limestone. The Caloso fauna
included brachiopods, corals, gastropoéls,' and several pelecypod
genera (table 1). -

The overlying Kelly Formation is compriseti of erinoidal,
mediurr-l—-c:rysta.lline, gray limestone with white to light-gray che;t.-

The brachiopod, endothyrid, and blé.stoid fauna (table 2) suggests a
Keokuk age for the Kelly Formation.

In the Magdalena Mountains, the oldest Paleozoic rocks are
Mis sissippianl strata that rest on a truncated Precz;mbrian surface.

In the northern part of t:he range, the Mississippian System is well
exposed as a winding, undulating band aloné the narrow, | knife~edged
crest of the range (fig. 5). Of the five sections me a.su:r:e-d, Mississippian
rocks were exposed at three: Tip Top Mountain, North Baldy, c;md

North Fork Canyon.

TIP TOP MOUNTAIN. At Tip Top Mountain, the basal 3 feet of

the Caloso Formation is a greenish-black limestone with poorly sorted,



CALOSO FORMATION

Brachiopoda

Schuchezrtella? sp.

Camarotoechia tuta {Miller)

Rhynchotreta? sp.

Spirifer louisianensis Rowley _
Spirifer centronarus ladronensis, n. subsp.
Composita? sp.

Syringothyris? sp. )

© Streptorhynchus? sp.

Mollusca
Pelecypods, several genera
Straparolus luxus (White)

Coelenterata
Michelinia sp.

Aulopora sp.
Cyathophyllum? sp.

Table 1. Fauna of the Caloso Formation,
Magdalena Mountains (modified after
Armstrong, 1958).



KELLY FORMATION

Brachiopoda ‘

"Orthotetes? ' sp.

Streptorhynchus? sp.

Rhipidomella sp.

Linoproductus sp.

Productus, sensu lato, several species
Echinoconchus? sp.

Tetracamera cf. subtrigona (Meek and VVortnen)
Tetracamera subcunsata {Hall)
Spirifer termuicostatus Hall

Spirifer grimesi. Hall

Spirifer? sp.

Brachythyris suborbicularis (Hall)

 Athyris aff. lamellosa (Leveille)

Clemthyrlé.ma. hirsuta (Hall)
Cleiothyridina? parvirostris {Meek and Worthen)
Cleiothyridina obmaxima (McChesney)

Blastaidea
Pentremites conoideus Hall
Orbitremites floweri, n. sp.

Mollusca.

Platyceras sp.

Straparolus spp.
Pelecypods, several genera

Coelenterata
Zaphriphyllum casteri, n. sp.
Rare fragments of an indeterminable genus

Bryozoa
Large fauna

Arthopoda
"Phillipsia’ sp.
Vertebrata
Shark's tooth

Protozoa

Plectogyra sp.

Table 2. Fauna of the Kelly Formation,
Magdalena Mountains (modified after
Armstrong, 1958).
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Figure 5. View from Tip Top Mountain looking southward along
the crest of the Magdalena Range. North Baldy is the high peak

at upper right. The Kelly Limestone crops out boldly in the
center foreground and forms the dip-slope towards the west.



angulazr to round, coarse-grained sand- to pebble-size fragments of
Precambrian quartz, microcline quartz, granite, and greenschist,
It is in this lower arkosic limestone bed that Armstrong (1955) has

identified the following brachic;podsf Spirifer Louisanesis Rowley,

Camarotoechia tuta (Miller), Schuchertella ? sp., Conposita ? sp.,

and a possible Spirifer centronatus ladronesis, n. subsp. Above

this basal bed is about 12 feet of sandy limestone Witllx' granules and
pebbles of angular 1;0 well-rounded poorly- s;orted Precambrian qua.rt'z
and quartzite. The absence of feldspar and large Precambrian fragments .
probably indicates deeper water and a farther réﬁoved source area.
Overlying this bed is about 15 feet of medium- gray”limestone containing
me;dium- to very coarse-grained sand, limestone clasts and guartzite
' fr'agments (fig. 6). Total thickness of the Caloso Fori:natio:ﬁ at Tip Top
Mountain is about 30 feet, '

Upper beds of the Mississippian section includle 95 feet of light-‘
gray, medium—bedéed," crinoidal limestone .Of the Kelly Formé.tion (;E'ig;. 7).
White, nodular chert increases in size until, 111 the thinmer bedded. upper
strata, lenticular masses attain thicknesses of 6 inches and lengths of
4 feet. TFenestellid bryozoans are quite numerous near the top of the
section. Echinoderms, ﬁrachiopods and horn corals are also present.

NORTH BALDY MOUNTAIN. On North Baldy Mountain, about

a mile and a half south-southeast of the Tip Top section, the basal 7 feet
of Mississippian is intensly éilicified. Within the silicified matrix are

grains of moderately sorted, subangular, medium-grained quartzose



Figure 6. Basal coarse-grained, conglomeratic strata of the
Caloso Formation overlain by well-sorted, sandy limestones
of the upper Caloso at Tip Top Mountain.




in the Kelly Limestone near
crinoid fragments are very

conspicuous in this Kelly grainstone which consists primar-
ily of reworked crinoid fragments.

Figure 7. Crinoidal limestone
Tip Top Mountain. The large
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sand. Here the Caloso is very light-gray in coclor and weathers a
moderate yellowish-brown to black.

Above the basal, silicified, terrigenous Caloso 4Formation is
81 feet of poorly-cemented, medium- to thi.ck—-bedded, crinoidal kelly
Limestone. White chert lenses are pre;sent throughout (fig. 8). Near
the center of the unit is 1 to 2 feet of very thin-bedded, gray micrite.

Another silicified zone overlies the crinoidal 1imest01;ie. This
Z25-foot-thick zonabea.utitfully' displays the jasperoid "riﬁbon rock!”
that is i;o common in the: Kelly Formation throughout the Magdalena
district {fig. 9). Megascopically, the o?igi.na.l composition a;txd texture

are masked; in thin section, however, relict textures indicate the rock

is a crinoidal limestone.

NORTH FORK CANYON. In North Fo:;:k Canyon the Mississippian
section is a slope former and crops out poorly. At this location, the
Caloso Formation isl not_pres'ent and the 64»-foot—-thicleelly Limestone
unconformably overli.e:s the Precambrian. The lower 10 féet.of Kelly
Limestone is a micrite to sparite withﬂ a very small amox;;nt of medium-
grained, We11~s;orted, well-rounded, detrita:l quartz sand. Echinoderm
fragments are also found, but are very limited in this lower unit. Above
this 10 foot unit is 54 feet of cherty, light- to medium-dark-gray, crinoidal
limestone. Echinoderms are abundant in the lower and middle parts of
this unit, but becaome very scarce in the highest pa:rts. At tl}e vexry top

only a finely laminated micritic limestone is present. As in the sections




Figure 8. White chert in crinoidal Kelly Limestone at

North Baldy. The chert occurs as largelenticular masses
3 or 4 feet long and 1 to 3 inches thick., Armstrong (1962)
suggests these chert masses result from diagenetic accu-

mulation of silica that was disseminated through the cal-
careouns muds,



Figure 9. Sharp contact between unaltered limestone and in-
tensely silicified limestone within the Kelly Formation. From
Tip Top Mountain southward, the Kelly Formation has been
extensively silicified and often these "xribbon-like'' structures
are produced with remarkably sharp contacts with relatively
unaltered limestone. Silicification is most persistant in the
upper beds, but may also be present in the lower beds, Drusy
quartz, sometimes accompanied by barite, fluorite, and ga-
lena, line the voids between bands of dense jasperoid.
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at Tip Top Mountain and North Baldy, white nodular and lenticular
chert is abundant in the middle and uppexr parts of the section.

STRATIGRAPHIC SUMMARY. The Mississippian System in

the Magdalena Mountains ranges In thickness from 64 feet in the North :
Fork Canyon area to about 125 feet in the north'e‘rn pa.?:t of the range. -
The system can generally be divided into a 7- to 30-foot lower clastic
unit and an upper 54~ to 95-foot crinoidal limestone.

The basal terrigenous unif; consists of about 5 feet of poorly
sorted, angular to round, .coarse—-grained sand to pebble-size fragments
~of Precambrian detritus in a carbonate matrix. Overlying the terrigenoﬁs
base is as much as 25 feet of massive, medium-gray limestone with
a’bundax;t rounded to angulaf, mediﬁm- to coarse-grained, -qulartz sand
and sporadic Precamb'rian lithic fragments. Sparsely scattered-through—
out the unit are brachiopods, corals, bryozoans, and echinoderms.

The present study is in agreement with other studies of the
Mississippian by Armstrong (1955 and 1958) and tile cor;tiriued use of
the Caloso and Kellﬁr nomenclature is suggested, The Caloso is limited
to the lower 0 to 30 feet of pebbly, sandy arko si.ﬁ; limestones which
contain pre-Keokuk fossils. "Ihe Kelly Formation is identified as the
0 to 95 feet of crinoidal limestone of Keokuk age that rests disconform-
ably on the Calo so Formation and unconformably unéerlies the Sandia
Formation of Pennsylvanian age. I suggest, however, that due to the

thinness and limited exposure of the Caloso Formation, that the Caloso




and Kelly formations should be mapped as Caloso-Kelly Formation

undifferentiated unless mapping on a very large scale.
Petrography

The objectives of petrographic si:udy‘ were the description oé
the petrologic character of the units and an éssessment, in terms of |
mineralogy and texture, <;£ probable environments in which the units
were deposited. Thin section study was suiaélemented by x-ray dif-

/
fraction analysis.

\CALOSO FORMATION. The Caloso Formation is dominated
by carbonates that contain a high percentage of detrital debris, Qua;r'tz
is the most abundant terrigenous constituent, with microcline, éhert, _
and heavy minerals comprising less than 50 percent of the total
de‘cri‘cus.l In the Caloso, the detrital content ra.;nges frqm 2 to 80 per-
cent and averages about 35 percent. Although thg foss.il cqnteﬁt is very
limited, occasional echi.;n.oderm fragments are present. The-or{:ho_chem
content ranges from 40 to 98 percent and averages about 70 percent. Ift-
occurs as microspar that is considered to be recrystallized micrite.
Detrital grains U..sua.lly' fall in the medium-grained sand.range, but
com::ﬁonly vary as much as 2. 1 Wentworth grades toward the coarser
sizes or 2, 8 Wentworth grades toward the finer sizes. The grains
afe poorly to moderately sorted, subrounded in shape, and have a
sphericity coefficient of about ., 6. Diagenetic'textufes occurring

within the limestones are predominantly neomorphic. Included are



porphyroid and coalessive aggrading neomorphism and degrading neo~
moxrphism., 'Neomorphic grain shapes are fibrous fo equant and gra';ln
sizes range from 1 to 5. Feldspars, guartz grains, 'and che:r{: fragments
display varying degrees of replacemer;i: by calcite. Most thin seciions
exhibit small fractures that are filled With sparry calcite or, less
commonly, silica.

Almost all of the Caloso limestones la.re gquartz micrites; howeﬁer,
they range from quartz micrite through quartz, féldspa.r, echinoderm.
pelmicrite depending on the varying quantity of these additic;nal con-
stituents. - Using Dunhams classification l(1962) most of the rqcks are
wackestones, or packstones. Figures‘ iO, 11 and 12 are representative

of lithologies characteristic of the Caloso Formation.

KELLY LIMESTONE. The Kelly Limestone is composed
primarily of crinoidal limestone. ,'I'he terrigenois éonteﬁt ra.ﬁges from 0
to 25 pexrcent and averages 'about 3.7 percent. Thi:s small percentage is
usually comprised of reworked terrigenous spar or rounded grains of
fine~grained, terrigenous, quartz sand. Thé o;cganic allochem content
averages about 36 percent, but may range from 0 to 95 pérceni‘.. The
most abundant fossils are echinoderms. Le-éseﬁ numbers, of brachiopods,
bryozoans, corals, and ostracods are present. The faxonomic groups
are restrictéd, for the most part to the echinoderms near the base of
the formation but become increasingly diversified. upward in the section,
'I’he‘fossil debris is generally broken and we}l-,sorted. Calcite is the

predominant orthochemical mineral. The orthochemical content averages
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Figure 10. Photomicrograph of a highly terrigenous micrite in
the lower part of the Caloso Formation at Tip Top Mountain.
Coarse, angular to subrounded, poorly sorted quartz grains are
the most abundant terrigenous constituents. In the upper left
corner is a large microcline fragment that is undergoing re-
placement by calcite. The matrix material is micrite. X31. 25,

Name: Calcareous, Conglomeratic, Quartz Wacke.

L S'..




Figure 11. Photomicrograph of a quartz arenite in the upper
part of the Caloso Formation at Tip Top Mountain., Terrige-
nous grains are well-sorted, subrounded, medium-grained
quartz cemented by sparry calcite, The sparry cement is
partially replacing quartz to form irregular grain boundaries.
X31, 25, ’

Name: Quartz Arenite,



Figure 12. FPhotomicrograph of a crinoidal limestone in the
Kelly Limestone at Tip Top Mountain., Large rounded crineid
fragments are the most distinctive features. Microspar, in-
terpreted as neomorphosed micrite is the most abundant oxr- -
thochemical constituent. Crinoid fragments are undergoing
degrading neomorphism, X31,25. '

Name: Crinoid Biosparudite.



about 58 percent and usually occurs as micrite or nﬁcrospar. Most
of the mic;rospa.r results from neomor;.}hism of ’xnicrit‘e. Some spar
was formed by the same process but is érratic in its di.stribuf‘i‘on and is
in only limited quantities.

‘ Neomor.ph'id" diagenetic textures are aBu:nélé.nt m most i:hm _'
sections. Both a,'gg:éading é,nd de grgtiing heo;'ﬁc;ifg;hism are cozi;ri;;zﬁ and

=t

Grain shapeis

their form may be either coalessive or porphyroid.

; UICNETT IR FEER

fibrous, bladed, or eqmié.:ﬁ{:‘a.n‘.d"sizesr.ran,gaé E’rldm.'z‘ to 6 bﬁf:.'a.re Do st
commonly 2 to 3. Replacement by silica is common throug‘li;)&t‘.:tht;: :
Kelly Formation and, as a result of silicification and neomor;;hism,
fossil “"ghosts! are common occurrences in thin section. Fracturing,
with later infilling by calcite and silica, is also quite common. It
appears as if two periods of silicification (-?ccu'.rred. ;I‘lle first was a
period of limestone replacement which was followed by fracturing and
in-filling of the fractures by sililca. A

The limestones in the Kelly Formation are predominantiy E
biomicrudites. However, lithologies are rather‘va.ri:ed and biosparites,
biomicrites, and micrites are also found. Using Dunham's c;_la.ssification,
most of the rocks are wackestones or packstones. Grainstones and

mudstones are relatively uncommon.
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Caloso Formation

Kelly. Limegtone

Litholooy
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Conglomeratic lower unit overlain by a sandy
limestone, Lower unit contains large fragments

of Precambrain granite, greenschist, quartzite,

and detrital quartz sand., Grains are poorly
sorted, subangular, and medium sand size,
Micrite and neoemorphic microspar are the pre-
dominating orthochemical constituents and they
comprise 65 to 70% of the rock,

Gray, crinoidal limestone. Crinoid fragments
are rounded and well-sorted. Quartz grains
are well-rounded, fine-grained, and seldom
exceed 5%, The orthochemical content averages
58% and consists of micrite and neomorphic
microspar. Biomicrudites, wackestones, and
packstones are dominant lithologies, Chert
nodules (white) are characteristic of upper heds,
Silicification is common throughout the forma-
tion. -

Fasgsils

The present study demonstrated the presence

of limited numbers of crinoids, Armstrong
(1958} found sparse mollusks, brachiopods, and
coelenterates (corals) (table 2).

Fossil content averages 36% and ranges from
0 to 95%. Included are crinoid, brachiopod,
bryozoan, coral, and ostracod fragments.,
Fenestelled bryozoans are abundant in the
highest bedé._ The well-rounded, well~sorted
fossil fragments indicate transportation and

deposition in a high-energy environment, .

Struchires

Medium-~bedded, channel scours at the b'ase.

The limestones are medium-bedded, They
exhibit small-scale, low-angle cross~bedding
and planar~bedding at the North Fork Canyon
section. ) "

e * Table 3, Summary of Mississippian Sections, - '




PENNSYLVANIAN PERIOD
Previous Work

The nomenclature presently applied to the Pennsylvanian Sys?:ém
in New Mexico by the U, S, Geological Survey and otﬁgrs was first used
by Gordc;:n (1907). Gordon referred to the Pen;risylva?:'ziaﬁ System as the
Magdalena Group, Whlich he then divided into a 16wer ‘terrigenbus unit,
the Sandia Formation, and an upper limestone imilt, the Madera Lir%lestbne
{fig. 13).

Thompson (1942), in a statewide study of Pennsylvanian rocks,
divided each Pennsylvanian series into two groups on the basis of fusulinid
faunal zones. These Included: 1}a lower G;.'een Canyon Group and an
upper Mud Springs Group for the Derry Series; 2) a 1dwe_r Armendaris
Group and an upper Bolander Group for the Des Moines; Series; 3}a
lower Veredas Group and an upper Hansonburg -Group for the Missouri
t Series; and 4) a lower Keller Group and an upper Fresnal éroup fo;: the
Virgin Series, He further sﬁbdivided these groups into 16 formations
and 1 member, Reflecting on the marked variation in Penﬁsylvanian
lithologies around the state, Thompson 'suggested that his fusulinid
faunal zones might not be recognizable in other lithic sequences.

Loughlin é.nd Koschmann (1942), in descrii;ing f:he' Magdalena
Group at its type locality in the Magdalena Mountains, retained the Sandia |
and Madera formations of Gordon; however,} they divided the Sandia

Formation into six members, In ascending order these are: 1)a lower
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quartzite member; 2) a lower limestone member; 3) a middle quartzite
member; 4) a shale rmember: 5} an upper limestone member: and 6) an
upper qu:a,rtzi.te membexr, Within the Madera Lﬁestone, ﬂthey descri’béd
a lower bluish-black, thin-bedded limestone, and an upper more massive,
bluish-gray limestone, ‘but the two were not separated for mapping
purposes.

"~ Kottlowski (1960) surrl.ma::;ized Perﬁsylvanim sections'throug};out
southwestern New M.exic‘l_o and southeaséern Arizona. In Kottlowski‘:s

; f :
sununa;'y, he discussed iithofa.cies, “thicknesses, am?f dept':)si{:iona.l
environments within the Pennsylvanian-System. Kottlowski noted that -
northwestern Socorro County was dominated by a gha1e~1ime fa.cEi.es._
The southwestern part of Socorro County was found to be preéérﬁinantly‘
a lime-shale facies and the southeaste;rn part of Spcoi'r;) County varied
frorn a lime-shale to a shale-lime facies. ' In the northeastern part of
Socorro County, the detrital debris was slightly coarser grained and a
sand-~lime to lime~sand iithofa.cies was more dominant,
Kottlowski's isopach maps indicate that the thickness of the

Pennsylvanian in Socorro County ranges from less than 250 feet, as
the Pedernal Uplift is approached on the east, to more than 2,500 feet
in the Lucero and San Mateo basins in the north-cen?ra}. and south-
central parts of t.he county. In most of Socorre County, the Permsylﬁ'a.nia.n
is 1, 000 to 2,500 feet thick and consists of shallow marine, cogptinental -
shelf deposits of limestone gnd terrigenous roc_:ks. Kottlowski points

out that on this shallow shelf region were areas of low relief that were
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periodically emergent. These, along with the Lucero and San Mateo
basins, wére the primary features affecting the shallow marine shelf
environment in which Permnsylvanian sediments were deposited.

The present literature review is restricted to Soco-rro County
and the Magdalena area. For an excellent review of P-ennsylva.nia.n
literattire-.n'wifh a more regional ?'erspective, the interested reader may

refer to Kottlowski (1960, p. 15-24).
Regional Stratigraphy’

The Pennsylvanian System in New Mexico is a complex sequence .
of marine and continental strata deri%red from several E;ennsylvanian
1_1igh1a.nds with a;. rather irregular geographic distribution. Read and
Wood (.194?) used lithologic features to divide the Pennsylvanian in central
New Mexico into a lower Sandia Formation and an upper Madera Limestone.
The Sandia Formation is a complex basal suite of transgressive shales,
siltstones, sandstones, and limestones. The overlying Madera Limestone
constitutes the limestones and arkosic limestones of a period of maximum
transgression prior to regression, A brief summary of the lithologic"
character of the Pennsylvanian throughout New Mexico follows. A more
detailed discussion is given in an excellent review of the Pennsylvanian
by Kottlowski {1960).

NORTHERN NEW MEXICO. To become acquainted with the

Pennsylvanian of the northern part of the state, the areas of the Zuni,

Jemez, Nacimiento, San Pedro, and Sangre de Cristo mountains were



reviewed., In northern New Mexico, the Sandia Formation is cc;nsidered
to be Early Pennsylvanian (M;Jrrowan) in age (Read. and Wood, 1947).
The thickness of the formatior; ranges from 0 feet along i:h'e Zuni Axch
to more than 2, 000 feet in the Sangre de Cristo Mountains. Lithologically,-
the Sandia Formation is mostly coarse-grained conglomeratic sandstanes,
siltstones, carbonaceous shales, and thm limestones, with _l'e:nses of
impure coal not uncommon to the lowen béds.

The Madera is composed of two 1iﬂ10i§gica11y distinct units

i ' S .

(Baltz ai.nd Bacﬁznan, 195;6). A lower gray limestone consists of thin-
to thick-bedded, crystalline and granuiar, fossilifei-t;:us limestone inter-
bedded with black shale, siltstone, and thin sandstome.. Limestane
becomes more dominant to the soutl;.. ‘I’hic.:kne'ss rané;es from 0 feet
along the Zuni Arch to more than 3, 000 feet in the Sanére de C.risto
Mountains. The upper part of the Madera is an arkosic limestone with
beds of gray and olive siltstone and shale, thin purple and red shale,
coarse~grained, conglomeratic, grk;)sic sa.nds-tone, and gray, fossiliferous
limestone. This arkosic limestone represents a transition from
dominantly marine conditions, indicated by the lower gray limestone,
to the nonmarine environment of the overlying Sangre ée Cristo Formation.
Age of the Madera Limestone is Atokan to Missourian,

CENTRAL NEW MEXICO. Areas examined and reviewed in this

part of the state include the Estancia Basin, Sandia Mountains, Manzano
Mountains, Lucero Mesa, Los Pinos Mountains, Joyita Hills, Ladron

Mountains, Socorro-Lemitar Mountains, Sierra Oscura, and the San



Mateo Mountains., In central New Mexico the Sandia -Formation varies
in- thickness from 100.to more than 600 feet. It contains a diverse .
assemblage of rock types ranging from limestone, chert, and quartz-
pebble conglomerates to pebbly, arkosic sandstones, siltstones, and
- shales through thin nodular and ledgy limestones. Sand—shg.le/ lime
ratios vary from 1.3 to 1. 8 with s?.nd-shale ratios of .54 to . 98
(Kottlowski, 1960), Coarser grained lithologies are slightly more
abundant in the northern part of tile area. Also included in some sections;
are dark shales, sands, and coals of -continental ‘oﬁgi:;l. Faunal -
assemblages c_ontain brachiopods, corals, e;:hinoderms » gastropods, '
foraminifera, and plant remains. Although the lithologic Eoupdaries
are timg transgressive, Atokan age is sggg;asted for most of the Sandia.
The Made?a Limestone, over most of central New Mexico, is.
from 80 to more than 2, 000 feet thick and is divisible into several local
members. On the Lucero uplift, Kelley and Wood (1946) divided the
Madera into the lower G:ré.y' Mesa, medial Atrasado, and upper Red
Tanks rﬁembers. In ﬂ1e mountain ranges east of tl-:le Rio Gr@de, a
lower gra.y' limestone member and an upper arkosic limestone memhex
have been mapped (Wilpolt and others, 1946). Thompéon {1942) used
a six-fold division of the Madera in this part of the state that was based
on faunal assemblages of Atokan, Desmoinesian, Missourian, and
Virgilian ages.
Common to most Madera Limestone sections is a lower, ledgy,

massive to thin-bedded, medium- to dark-gray limmestone with subordinate

-
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aimounts of gray and green shale, siltstone, sandstone, and conglomerate.
Above this is frequently observed a medium- to light-gray 1in-1.estone
with a low chert content and a much higher proportion of gray, black, .
and red shales; green, brown and gray sandstone-s; and arkosic sand-
stones. An upper unit of reddish and buff sandstone, siltstone, shale,
and limestone pebble conglomerates, interbedded with thin-bedded, gray
limestones, gray shales, and arkosic sa.ndstones‘is locally i)resent.
Some geologists correlate these strata with the Bursum Fo‘rma.tion

: ?- _
(early Wolfcampian), but;: this third unit is probably equivalent to the

Bruton Formation (late Virgilian) to the south (Kottlowski, 1960).

SOUTHWESTERN NEW MEXICQO. The Pennsylvania'_.n of ..
southwestern Néw Mexico is Morrowan to Virgili;xn m :::ge and is generally
1,000 to 2, 000 feet in thickness. In some local areas-, the thickness oi;'
Pennsylvanian strata may approach 3, 000 feet (Kottlowski, 1960).
Throughout most of the southern part of the area, the section is c_iominated

: by limestone, while to the north, sand and shale become important. | )

In southwestern New Mexico, 'different names have bee'n assigned
to units within Pennsylvanian sections in the various mountain ranges. In
southwesternmost New Mexico, Quaide (1953) and Gillerman (1950) put =
the Pennsylvanian sediments into the Naco Groﬁp containing a 10Wér
Horquilla Formation and an upper. Earp Formation. Both of these names
are :r:elatéd to nomenclature presented by Gilluly and others {1954) for
Pennsylvanian strata in southeastern Arizona. In the Sacramento Mountéins,

Pray (1961) divided the Pennsylvanian into a lower Gobbler Formation, a
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medial Beeman Formation, and an upper Holder Formation. Kottlowski
and others (1956) referred to the Virgil Series in the San Andre,.c". Mountains
as the Panther Seep Formation. Slightl;y- to the west, in the Sierra.
Caballos, Kelley and Silver {1952) defined the Red House, Nekaye, and
Bar B formations.

The Pennsylvanian in southwestern New Mexicc; is generally a
Jime-shale lithofacies., A limestone litho;fa.cies predominates in the
extreme southwest and a sand-lime liti'lofacies is found in the v1c1n1’c:y'
of area; that were topographically high during Pennsylvanian time. The
basal Morrowan and Atokan deposits are usually sandy and shaly except
in the south. Desmoinesian strata are dominantly marine limestones
and the upper Pennsylvanian (Missourian and V.'irgilia.n) beds range from
massive marine limestones with interbedded redbeds to clastic continental )

deposits,
Local Stratigraphy

The type section for the Magdalena Group is in the Magdalena
Mountains., It is here, in the northern part qf_the range, that Léuéhlin
and Koschmann (1942) named the lower part of the Pemsylvania.ﬁ section
the Sandia Formation and the upper part of the section; the Madera Limestone.
Loughlin and Koschmann further suhdivided the Saﬁdia Forrmation into
six members with a total thickness of a..bout 600 feet, The six members

are: 1) lower quartzite member; 2) lower limestone member; 3) middle
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quaftzi%e member; 4.) shale member; 5) upper limestone member;
6) upper quartzite. member,

Lower quartzite member: The lower quartzite member is
about 90 feet thick, It consists of brown, gra'-y', é,nd greenisl;x-gray
quartzite with subordinate interbedded shale and limestone. The quart-
zite beds are fine- to coarse- grained, somef:imes ‘conglome,aratic,
sands cemented by calcareous and :siliceous material.

Lower limestoné member: The thickness of tﬁe lower limestone
is approximately 65 feet: This membér consists of fossiliferous, ‘mediun:-l-
grained, bluish-gray, argillaceous limestone with interbedded shales and
quartzites. Thin, fossiliferous, shaly beds constitut-e a lé.rge portionuof
the lowex \pa.rt of the unit,

Middle gquartzite member: The middle qua.rtzite is defined as
the 1B feet (maximum) of guartzite that separates the lower limesione
from the overlying shale member. It consists of lenticular, medium-

' grained, brown to gray quartzite,

Shale membex: The 300-foot-thick shale mémber constitutes
more than one half of the Sandia Formaﬁon. Ttisa black, locally
carbonaceous, fossiliferous shale with interbedded quartzite a.r'ld lime-
stone.

Upper limestone member: The thickness of the 1.1p'pe:c limestone
is as much as 300 feet. This member consists of lenticular, bluish-
gray, medium-gray limestone characterized by spherical, concentric

algal growths that are as much as 2 inches in diameter,
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Upper quartzite member: The lenticular upper quartzite member
has a maximum thickness of about 65 fe-et. The rﬁember is composed
of gray quartzite beds with interbedded limestone and shale,

Fossils collected from the Sandia Formation by Loughlin and
Koschmann and identified by G. H. Girty are listed in Table 4. Stein h

and Ringland (1913) report the following plant fossils were identified

by David White: Neuropteris aldrich (Leéquereu.x); ferns represented

indeterminable speciés of rachises; Lepidophyllum lucidum (Lesquereﬁx);
SigillarFa. spl; and Cordaites sp. Faunal evidence suggests the Sandia is
of Morrowan and Atokan (Pottsville) age.

Loughlin and Koschmann (1942} iden{;ified an upper‘ ﬁe;nber and
a lower member within the 600~foot-thick Madera Limestone. The
lower 300 feet consisted of bluish-black, thin-bedded limestone with
interbedded, bluish-gray, fossiliferous shale, and gray, me‘diufn-
grained quartzite. The general character of these beds :-T.s similar to
" that of tile Sandia Forma;tion. However, Loughlin and Késchma.nn state
that, since limestone beds are dominant and are continuous upward v;fith
greater thickness of limeAstone, these beds should be é,s signed to the
Madera Limestone; _furthermore, they believe the uppex qua.rt;zite of the
Sandia is a convenient and practical horizon for placing a bduﬁdary
between the gradational Sandia Formation and Madera Limestone. The
present stu‘éty', though not in agreement with the six-member concept of
Loughlin and Koschmann, is in agreement with their general &eﬁnition

of the formational boundary. The writer suggests the boundary be



Sandla [ormatinn

Possils Ifadern
Fossily, . Lower | fower Upper | lime
qnartz. time- Shale H b stone

ite stong stong

[Fusulinid, teousindetermioed, 17, 0
Tnptpp'z_ﬂlum 3Py 13}
Cyathmohylum suhra 15[
T, ophophulium profusifum 150
Campnphullum torqiiem 14, 19, 21}
ACatnpoohyllvm turqninm bl
unpo-ffuhum sp n I
Cliziophyliam sp - 1
e VLTI ol SURNPRRSRREN RO JODORORunS IR -3 NGNS So, f

?rgnyryp«:ﬂ sp ;i

nlopnra? 5. 7

. r'U'u"i‘:ef:nn': euge .

H,;dre;onmrmm acon
Fft!nh'pum sp.

Prismoporn? SPoanas
CryNngistyn SP . ena.
fIrtlrtslen sp
Debia Crass,.
LD erliye eroasn? e s s e
Chonetesaff. C arhcmmnm_
Choneley
Choretex sp P
Produc.u.a (Linopro m:rns)

Har!ucfruaﬁ.}’ infletuy_,
Productuy coloradoensis.
Productus colorndoenais?
[Froductuy nolanit. ...
Productus semistriztnal. _
Prodicctus a'em:rmc’alulu-a

Preductuz afl. P, geliatinensis. .
Productus afl, P, marmu'enai-r .-
EProductitd 5P cancssnnsnmsnasne
Productis 1w, 8p.
Productuz . sp?oo_... -
Productus (Jurexanis) nehris.

Produrtny (Juresaniu) mnedrazs
kensiavar. ...
Pruduc!aa (Jweaumn) b
LB 1
Pmduﬂ‘ua {Pustuly} all. P,
WAllACHINEN . o e e cmmmen e ee
Productns (Poeatuls) n.sp
Prodictits (Aconin) sp....
Marginifeen inprafn, ...
Afarginifera spleadens..
Marginifern muricnie. ..
Nlarqnifzra-murienta? ...
[ Maryisifern n. sp. all, it
APILNALHS, esmnimscssscasama|aen e nae
[ Murginifere? sp..
M arginiferasp_ .
Schizophorie atl. 5, levan .
Spirifer camermbied. ool e,
Spirifer camerntns? e ]
Spirifer pil. S, 9oreh e oo iniaiieaanas
Snirifer opimuy var, oetiden:
L R [P PO 5.8

[P P

Table 4. Invertebrate fossils in the Pemnsylvanian
(after Loughlin and Koschmann, 1942). Numbexrs
refer to different lots collected at pla.ces listed
below.



46

Samlia lormation
. : Madern |
Fossils: Lower | Lower Upper | lime-
. quartzs | line- Shnle lirtie~ stotte
it ston: . stune

Spirtfer paeliymentanna var, ...
Spicifer roctumpstanng o
Suirifer trinticnlyy. cucu.a

Spirifee triplicetuz var,
Spirifar triplicatus? .. _.
Shieiler 0. 5D. L
R T 7 T .
Punciispicifer ott. P. trunae

L2 7T S,
Punclispirifer Lentuciyetaly,
Punctispirifer kentuckyanais?... - -
Punctispirifer SD ., cennn . 2 17
Squamularis PArpIAI. eees cce-lemcmeenaerlaaaaacsnan - 15,17, 19

Corpoiilts SR e smnenrams T 1] 9,4,5.6 12,13 {15, 17,18,

Composita sp., ..

Cleinthuridion preodi. ...
Hustsdin off. TL miserk
Flitstedin morm
Eustedian. sp.?
Edmondiu? sp...
Leda off, L, meel
Preudomnonniis? sp...
Alyeling perriformis?.
ALEICuIoperten SPaaaa.
Avichicpecten n.sp.... .
Deltopescen occidentalis?
Streblogterin sp

Lima sp.
Lima? sp
Asforiella sp.
Plesrophortty? SP e e emaamaa
Plerrod it 5P
Pleurol in? sp
BHCannpais 80 e smmens
Patellortisin sp_...
Enphemifes enrbonark
Fuphemites cnrinnneins?
Schizordarae calilinjdav.. .. . 2

Ditphoroxioma peotiense:. . . 15

- ——

ammsm o

PR FRPERFEPEET

v

---------- o ]

- wad

13

NaOticopyia? SPecaacua
M ehosiire? SPucan . -
Pintycerns sccidentnle. . .
Plntyceras occidentnle?. . e

EoteneR ity SP. v cancauna . ] Fily
GrHAILES STeann o erm e o e waee g

1. Lot 8504, from a shaly bed neny top of the lower guartzite}
member seuth of Tip Top tunnel :

2, Tot G503, about 100 feet eaxk of Woondland mine. . 1

2. .Lots 6904, G006, and 6207, cast of Mistletoe tunnel o west

4. Lot 6511, about 1,000 feet northenst of Cimarron tunnel. -f
5. Lot 6525, about 700 feet northeast of Cimarron tannel

Top tnanel on west side of gulch.

7. T.ot 6510, on spur with saddle on east slope of rangt east
of Keily. .

§. Lot G207, near north end of lower limmestone expusure o
east slope of range due east of Kelly. . :

9. Lot 6309, just east of aschal shaft,

10, Lot 6516, from thin-bedded limestone just helow gunrtzite
bed at fiest bend in voad svuthwest of fork In Lip Top
road,

11. Lot 6303, west of Young Amerien minae. ’

12, Lots 6520 and 6523, west and north of L'ri-Bullion wmill.

13, Lot G327, 500 to SN0 foet southnwest of Wip Top tunuelh

1t Lot G503, 1.000 feet southeast of Young Americr mine.

15. Lot 6522, Basal shaly bed in gnlch 700 feet west of aschal
shatt, N .

16, Lot 6324, 500 feet north of Cimarron tunnel .

17. Lot 6503, 800 to 1.000 feet nortlrwest sf Tri-Bullion mill,

18, Lot 6302, GO0 to T00 feet west of Tri-Dullion mill

19, Lot 6521, 700 feet west-northwest of Tri-Bullion anill

20, Lots 63172 and G315, west-southwest of Grand Ledge tunnel

e, Tob 6526, 800 feet west of "Lip Wop tunneh

22 T.ot 6005, about 100 feet north of Mistletpe tuunel.

Table 4, Continued _

NOlieo 2 B e e . 108

side of range. . E

6. Lots 6828 and 6529, ahout 700 to 1,000 feet south of Tipl '



47

placed at the top of the quartzite below which sha}.é is dominant and above
which limestone predominates. In subsequent pages, the logic of this
suggestion will be evident, |

Thelupper member of the Madera Limestone was found by
Loughlin and Koschmann (1942) to be about 300 _‘féet thick, It is con-
sistantly a fine- to coarse-grained, homogeneous, bluishngray lime-
stone throughout the Magdalena district. Black, nodular chert is abm';dant
within this unit, Interbeﬁded with the lime stone are shaly 1imestones,
céngioa;neratic 1imestone:s, thin gray shal;as, Aa.nd gray t? broﬁvn quartzites.
In the southern part of the district the highest beds are oo ttled and
shaly and are stained brownish-red by iron oxides from the overlying Abo
Sandstone of Permain age.

Loughlin and Koschmann state that the true thr;..ckness of the Made;:a
Limestone cannot be determined due to erosion anri fa.ulting-;« t.hey‘estimate
it to be about 600 feet, but note thicknesses may approéch 1,000 feet.

' Kottlowski (1960) suggests the Madera Limestone in the Magdalena area
had an original thickness of at least 1, 000 feet and perhaps 1,200 to
1,500 feet. ‘ |

Fossils collected by Loughlin and Koschmann and identified by
G. H. Girty are listed in Table 4. Girty i‘ega.rds these as post-Atokan
{post-Pottsville) in age., Mr. J. W. Skinmner indicated to Loughlin and
Koschmann that fusulinids he had identified from the upper Madera were

suggestive of Upper Virgilian (Wabaunsee) time.



Overlying the Madera Limestone within the district is about
175 feet of red, shaly, laminated, fine-grained, sandstones and silt-
stones named the Abo Formation. The Abo is of Permain age and
unconfor‘ma.bly overlies the Madera Formation. The Abo is overlain
by Tertiaxry volcanic rocks south of Highway 60 but is in fault contact
with other Permian units ﬁorth of the highway.. 'In the Granite
Mounta.-in-Olney Ra;tlch area, 2 thick secti;)n of strata, previjous].}r called
Pennsylvanian by Loughlin and Koschmann {1942), is believed by the

; .o
writer,f and other workers in the district, to be the Abo, .Yeso (?),
“Glo:rieta., and San Andres Formations <;£ Pgrrm‘.an age, Sé.ndstox;es anci
siltstones in Har&scarbﬁle Valley, preﬁously ma.pj;aed as Sandia shalé
by Laughlin and Koscﬁmarm {(1942), are now believed to be the Abo |

Formation of Permain age (R. B, Blakestad, oral corrmﬁnicatidn, 1973).

These Permian sections are overlain by Tertiary volcanic rocks.

TIP TOP MOUNTAIN. Although the top of the section has bée#
: r:emoved by faulting, there is more than 1,200 feet of Pennsylvanian
section exposed at Tip Top Mountain, The S;J,ndia, Formation and i:he
overlying Madera Limestone each account for about one half the fotal
thickness. The Sandia Formation crops outAon the eastern side of Tip
Top Mountain and comprises most of this eé.stern slope. |

The Sandia-Madera contact is on the eastern slope just beneath
the top of Tip Top Mountain, thus the cap and western dip slope are

comprised of Madera Limestone. Near the base of the western dip .



slope, Madera Limestones are interrupted by Oligocene faulting that
has uplifted Sandia quartzites and siltstones.

Sandia Formation. . On the eastern slope of Tip Top Mountain,

the Sandia Formation unconformably overlies Kelly Limestone of
Mississippian age and dips to the west at 40° to 45° and sirikes N. 10° W. )
The Sandia Formation is about 587 feet thick and consists of shale, .
quartzite, and limestone, Shale crops out poorly due to c:ov-ering by .
talus and an immature s?il. Quartzites and limestones, however, are
usually well-exposed clif!f~formers.

Wackes and shales constitute about 453 feet or 79 percent of the
total Sandia thickness. They range in color from olive gray to black
and are usually grayish black. The granular material of the 'wa.c;kes
is poor- to well-sorted, silt- to sand-size, quartz and mica: In places,
they become slightly calcareous. Most beds are };'xbmogeneous, but some
low-angle cross lamination is present, | In some parts of the section the
shales become quite fissile. Within the wacke and shale beds, thm
fos sili:fe¥ous micritic limestone lenses, less than 1 foot thick, are
occasionally found. Within these limestone lenses, echinoderms and
bl"achiopods are- the most abundant faunal repres entati;res with mollusks, _
corals, and bryozoans as minor and infrequent cons-tituents. These small
limestone lenses exhibit thin lamination. Although mo-st contacts with

other lithologies are covered, the few that were observed indicate that

both upper and lower contacts may be abrupt or gradational.



Quartzites in the Sandia Formation have a total thickness of
about 73 feet. This accounts for albou’c 13 percent of the formations
total thickness., The thickness of individual quartzite units ranges
from 3 feet to movre than 20 feet. Colors among these quartzite units
vary from olive- to brownish-light;gray; weathered surfaces have a
more reddish-brown appearance. The gJ.;'a.nula.:'r‘ mq.teria.l usﬁally
consists of rounded, moderately sorted, medium-~ to coarse-grained
quartz sand. Chert and feldspar contents are cc;nsistantly very low

. | -
and very sporadic through the entire Sandia section. Locally, thé
quartzites become qﬁite cailcareousf Quartzite units are typically
internally homogeneous'; however, éxamples of sn:'mll_- to medium-scale,
low-angle planar cross-bedding were observed. Talus and soil cover '
did not permit observation of upper am;’t lower .contacts with other lith~
ologies. |

The cumulative thicknes;. of limestone within the Sandia
* Formation on Tip Top Mountain- is 44 feet, or is about 8 percent of
the total thickness. Individual limestone units range from 1 foot to .
almost 30 feei.: in thickness. The fossiliferous, micritic limestones vary
from medium-light gray to blackish-gray in color. The faunal aésembla.ge
is mostly echinoderms and brachiopods accompanied by limited numbers
of bryozoans, mollusks, forams, and horn ;:orals. The fossil content
of thfa more fossiliferous beds may app'roac.h 75 percent. A small per- -
centage of fine, detrital, quartz sand is also characteristic of some

limestone beds. The limestone units are thin- to mediuvm-bedded and
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internally exhibit thin planar lamination. As with other lithologies,

upper and lower contacts may be either abrupt or gradational.

Madera Limestons. | The contact between the Madera
Limestone and the underl-ying Sandia Formation‘is gradational and
may he observed on the eastern slope of Tip Top Mountain about 100
feet below the summit. The arbitrary boundary is placed at the top
of a quartzite beneath which wacke and shé.le are the dominant Iitholog;'.es '

and ahove which limestone is dominant.

i
f

At Tip Top Mountain, the faulted remnant of Madera Limestone
is about 793 feet thick. The uniform se‘aquence of limestanes form a
long dip slope that is faulted against beds of the Sandia Eo.rmai;ion near
the base of the slope. The thickness of Madera beds cut out by the -
faulting i/s not known but is believed to be at least sex_-rera.l h}mdred- fe;et
on the basis of Madera thicknesses encountered in ‘d'rill holes elsewhere-
in the district. Of the total thickness present, 79 percent {630 feet} is
1_imestone and 20 percent (157 feet) qﬁartzite and shale. . | |

The limestones range from light-gray to black in color, but‘
are usually dark gray or grayish-black, Th;ey are micrites with a
limited but diverse faunal assemblage, Fossils founé in the Madera
Limestone include brachiopods; mollusks, echinoderms, coxals,
foramiﬁfera, and bryozoans; however, none are fom"s,d in large numbers.
The fossil content rarely exceeds 15 percent. Srnall percentages of
silt-size quartz grains are also found in some limestone beds. About

300 feet above the basal contact, black nodular chert becomes very' '



abundant. These black chert nodules, along with the large horn corals,
are probably the most diagnostic features of the Madera Limestone.
Bedding within the Ma.der'a section is variable and ranges from thin-
bedded to very-thick-bedded. The only s:edimenté,ry structures observed
in the Madera Limestone were thin cross-laminations and planar
laminations. Contacts bet;ween limestones and other lithologies are
usually abrupt.

Madera quartzites are somewhat simila.r.to quartzites found in
the Sandia Formation. j&t Tip Top Mount;.in, they are usually o-nly a
foot or two thick and consist predomina.;atly .of rounded, poorly sorted,
coarse-grained quartz grains in a calcareous matrix; some beds contain .
pebbles of pegmatitic; milky quartz., Feldspar, mica, and chertare
sparse to absent. The quartzites are typically homog’eneous, but some

small~ to medium-scale, low-angle, planar cross beds occur.

NORTH FORK CANYON, The North Fork Canyon section is

located 1.2 miles west of the Water Canyon-North Fork Canyon inter-
section along the south side of the canyon, Pennsylvaniaﬁ strata uncon-
formably overlie the Kelly Limestone of Mississippian age, dip to the -
west at 35 to 40 degrees, and strike N 10° W. The Sandia section is
predominantly shale and quartz wacke 1;]:18.{: is expressed largely as covéred
section. Interbedded quartzites and limestones within the Sandia
Formation form ledges. Upon entering the Madera section, the slope
angle increases suddenly from 20° to about 30° and the limestones crop

out boldly. The Pennsylvanian section ends a.brul:')tly' along the ridge crest
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where it is juxtaposed against down-dropped Tertiary volcanic rocks.
White rhyolite dikes have been injected along the faulted contact.

Sandia Formation., The Sandia Formation in North Fork Canyon -

is aboﬁt 554 feet thick, Thin-~-bedded wackes and shale, comprising

as much as 75 percent (418 feet) of the section, are thé most itﬁporta.nt-
rock types.  Interbedded sandstone and limestoﬁe account respectively
for only 17 percent (94 feet) and 8 percenf (4?; feet) of secti‘on. .

The wackes and shales are usually olive -grs;\.y to oli.w'refblack in
color aitzd sometimes weather a.\rather light-reddish~-brown. Terrigenous
material cénsists of well-sorted quartz grains and mica; the matrix
material is noncalcareous. The wackes are thinly bedded and often
display internal planar laminations while the shales are usually crﬁdely
fissile. Small limestone pods (fig. 14) a.r;a also present ﬁithin ti:;e shaly
units and plant fo s'sils were found along shale partings.

The more resistgnt quartzite beds crop out as small cliffs on
the soil and talus covered slope. They range in thickness from 1 foot
to more than 20 feet and are usually 'medium—gray to olive~gray in coloz.
The quartzites are modérately sorted, coarse-grained, gquartz afenifes |
with calcareous cements. Many quartzifes contain angular, ‘white,
qua.rt:.% pebbles as much as a half inch in diameter. The quartzites ét
North Fork Canyon are usually very-thick-bedded. Contacts are usually
covered, but when observed they are abrupt and appear to bﬁe ero sionalx.

Limestones in the North Fork Canyon section are dark—-g-ray to

black micrites that contain an abundant brachiopod and echinodermi fauna.
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Figure 14, Micritic limestone pods in a noncalcareous,
laminated mudstone of the Sandia Formation in North Fork
Canyon. Laminations bend around the pods and are not
truncated. The pods are interpreted as accumulations of

carbonate in small depressions in terrigenous muds of a
tidal flat.



They are thin- to medium-bedded with intérna?. small-scale, low-angle
cross lamination and planar lamination. Some of the limestones are
characteristically pod-like in nature with pods of micritic carbonate
encased in an envelope of more siliceous, silty material. Contacts

between the limestones and other lithologies are abrupt.

Madera Limestone. The Madera Limestone crops out boldly
along the upper part of the ridge bordering North Fork C;.nyon. Upon
approaching the thick Madera section the shal]’r ’;Jeds of the Sandia For-

; i
ma.tion{end abruptly and the resistant limestone strata cause a rapid
steepening of the slope, At this loca.ti;m, the faulted remn:;‘.nt-of Madera
beds is approximately 763 feet thick. About 520 feet above the base of
the section, faulting and intrusion of White.-rh}o].ite dikes may l;xa;.ve
significantly affected secl‘ﬁ.on thickness. | The ‘;:op of the section ends
abruptly against down~faulted Tertiary volcanic rocks; the thickness of
Madera beds cut out by the faulting may be in excess of 1, 000 feet
" judging from Madera thicknesses er_xcountere& in drill holes else\;fhere
in the dist';rict. Of the exposed 763 feet, 9;1= percent t718 feet) is 1in-1e-;
stone and 6 percent (45 feet) is interbedded coarse-grained quartzite,

The Madera Limestone at North Fork Canyon consists of medium-~ _
to dark~gray, fossiliferous, medium-bedded, dense micrites. Fossils
include brachiopods, bryozoans, echinoderms, hoérn corals, mollusks,
and foraminifera., The foraminifera are rather unique, with respect
to other fossil groups, in that they are very localized. They are either

absent or abundant. The whole faunal assemblage consists of broken,
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transported fragments. In places, the ]:imestone beds become slightly
sandy and in other beds ;che pod-like texture is well-devel_oPed. Black,
nodular ﬁhert is again present through most of the formation (‘fig. ’15}.
The micrites exhibit planar-laminatiox;. and oecasic;nal small-scale,

. low-angle c:ross-la.mina.tién.

The thickness. of 2ll the interbedded qua.r‘tzites within the Madéra.
section is only 45 feet. Individual units range in thicknevss from 2 feet
to more ﬂ;a.n 20 feet and are usuvally 1ight-olive-br0w;:1. The hor;:logeneous
quartzites are ve;ry—-thic:k-bedded, coarse~grained, model;ately so'rted,
micaceous, quartz arenites. Many of the units contain miiky-white,
pegmadtitic quartz pelz;bles that are as much as .75 inches in diameter, -
The cementing material of these q'uartzif;es may he either silica or
calcite. Contacts with underlying limestone beds‘ are é.brupt and appear
erosional.

NORTH BALDY. Penr;sylvania.n strata at North Baldy strike

N 25° W and dip to the southwest at about 40°, Faulting withiﬁ the

Sandia Formation and the Ma&era i.;irnestone has greatly reduced the
section, leaving only 326 feet of Sandia and 35 feet of Madera Limestone
(fig. 16). The lithologies at North Baldy are not unlike tho se‘founé{ at

Tip Top Mountain and North Fork Canyon. The Sandia Formatioﬁ consists
primarily of shale, expressed largely aé. covered section, and interbedded
guartzite and limestone that form small cliffs a;.nc'i ledges on the otherwise
covered slope. Shales account foxr 250 ;Eeet of section, while limestone

accounts for 24 feet and quartzite 52 feet.
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Figure 16. View of the Sandia and Madera sections on the north
side of North Baldy. A fault that greatly reduces the thickness
of the section occurs in the Sandia Formation just above the
resistant limestone beds about half way up the mountain. Above
the fault, another 55 feet of Sandia shale, quartzite, and lime-
stone is present. Resistant Madera limestones cap North
Baldy and form the western dip slope.



59

Quartzites are moderately sorted, rounded, medium- to coarse-
grained, siliceous to ;:alcareous quartz arenties. They aré thin-bedded
to very-thick-bedded and internally display pléné.r lamination, and
small-scale cross lamination, and clross beddin;g. .Il.fl one of the thicker
quartzites, medium-scale, low-angle, trough cross beéding“wa.-s
wilnes se&,(fig. 17). Conta;cts with other lithologies é.ré abrupt and
basal contacts appeared to be erbsional.‘ |

!About 250 feet of 'micaceous silty shale ’i.s présent at North-
Baldy (j‘.'ig. 18). The coarse-silt-size quartz grains are angular in
shape and pdorly to moderately sorted, Bedding is thin and sedimentary
structures are limited to planar laminations and small-scale cross
laminations. |

Limestones are dark-gray to black, foésiliferous micrites,

The faunal assembla‘ge includes brachiopods, echinoderms, mollusks,
and sparse bryozoans. lLocally, the thin-bedded micrites are slightly
sandy. ‘ |

About 247 feet above the base of the Sandia Formation, noz;mal
faulting has faulted out more than 200 feet of the formation. Above the "‘
fault, about 55 feet of upper Sandia material g'rade's into the Madera
Limestone. Again, the coarse-grained quartzite above which limestone
is the dominant lithology is used as a reference point fo:n..- the Sandia-
Madera contact. In the Magdalena Mountains, 5 to 10 feet of shale

may separate this quartzite from the overlying limestones.
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Figure 17. Coarse-grained quartzite in the Sandia Formation at
North Baldy. Large, white quartz fragments are abundant and
there is some suggestion of trough cross-bedding. The basal

contacts of these quartzites are erosional and their geometry
seems lenticular. ‘
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Figure 18. Black, fissile shale in the Sandia Formation at
North Baldy. The shales contain silt-size quartz grains and
mica. Invertebrate marine fossils were not observed in the
shales; however, plant fossils are often abundant.



The 35 feet of Madera Limestone consists of dark-gray to black
micrite that weathers.a lighter gray. The limestones are medium-bedded
to very-thick-bedded and display a faunal assemblage containing abundant

brachiopods, horn corals, mollusks, echinoderms, and fusulinids.

Summary of Pennsylvanian Sections. ' In the Magdalena Mountains,
the Sandia Formation unconformably overlies fhe Kelly Limestone of
Mississippian age and is from 550 to 600 feet thick. It consists of more
than 75 percent shale and ';;vacke with subordin:—_xte amounts of interbedded,
medium- to coarse~grained, quartzite' ané (gla.rkngra.y tc; black, fossiliferous -
micritic limestone., Brachiopods, echinode:r.;ms, mollusks, bryqzoa.ﬁs,
and horn corals are included in the faunal assemblage. .Bedding is thi.n-_
bedded to very-thick~bedded. The limestones exhibit planar lamination
and small-scale cross lamination while quartzite's aré cross b;edded on
a small to medium scale. Contacts are usually abrupt. The six memb;e:g's
of Loughlin and Koschmann (1942) were found obscure anci impracticai to
t use in the field. The writer suggests that the use of these subdivisions
be discontinued and that the Sandia Formati;an in the Magdalena Mountains
be described as a shale unit with interbedded quartzite and limestone.

The Sandia Formation grades into the overlying Madera Limestone
that is about 750 to 800 feet thick in exposed sections but moreé than
2, 000 feet thick in some drill cores. It is predominantly dark-gray to
black, medium-bedded to very-thick-—bedéed, fassiliferous, mic:r:it.ic
limestone. Subordinate amounts of coarse-~grained, poorly to -moderately'

sorted, calcareous guartzite and interbedded shales and wackes are
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present. ¥ossils include brachiopods, horn corals, echinoderms,
mollusks, bryozoans,:and foral;ninifera, with large horn corals and
large, black chert nodules heing the most disti:nct'i've features of the
formation. Internally, the medium- to very-thick-bedded limestones

locally display thin planar laminations.
Petrography

SANDIA FORMATION. The Sandia section is dominated by

. :
terrigefnous rocks. Most of the shales were found to be borderline

wackes. Sand- and 'silt-size grains coﬁprise about 35 percent of thes;
silty shales; quartz with subordinate mica are the dominant minefal’s.
The mat:;ix material consists of silica, calci.te'; and clay; and ccz’nérises
about 65 percent of most shales; matrix minerals are usually found to
be replacing detrital quartz grains. I believe that the detrital quartz
content may have been much higher than is presently indicated. These

" rocks are classified as r‘nica.ceous quartz shales or wackes. The-a.vera'ge
grain size is coarse silt, but si._zes may be as much as 1.5 Wentworth
grades larger or Za. 1 Wentworth grades smaller. drams are angular
to subangular and have a sphericity coefficient of about . 58. Sorting is
poor to moderate with a tendency toward poor sorting. Structures
witnessed in éhin section are limited to small fractures filled with
secondary calcite or silica, Occasionally, the long axes of mica or

quartz grains are aligned parallel to each other and parallel to fissility.
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Quartz is the predominant mineral in Sandia.' arenites {fig. 19).
-Polycrysta.lline quatrtz is abundant in some thin sectioné and mica and -
feidspa.r are usually absent. Granular material constitutes a.b-out 75 to
80 percent of most thin sections. Mica, quartz, clay and fine authigenic
chert constitute the primary matrix constituents. Cement occurs
primarily as siliceous overgrowths in optical continuity with the detrital ~
quartz grains. Calcite cement is abundant in some arenites where it
occurs as pore filling by single calcite crystals or as large ''poikilitic"
patches :l:hat enclose sev;ara.l quartz grains.. It is not uncommeon to find
quartz grains highly embayed by matrix or cementing'ma.te-ri;a.l.

Most of the grains are very coarse sands but may occur as much .
as 1 Wenitworth grade toward larger sizes or 3 Wentworth grades toward
-sma.ller sizes. Pressure solution and siliceous ovér‘égrowths cause a
degree of uncertainty when describin‘g textures; however,- grains appear
to be moderately to Well-s-oi'ted, rounded to suﬁrounded, and to hg.ve a
sphericity coefficient of about . 6. Almost all of the Sa.ndié. qua.ri:'zites
are quariz arenites, |

The terrigenous contentvof Sandia limestones (fig. 26) may be as
high as 30 percent, but rarely exceeds 5 pércent. Quartz is the most
abundant terrigenous constituent. T']..’le grains usually fall in the coarse
silt to fine sand range, are angular, and have a sphericity coefficient
of about 0.5, Sorting is variable, The fossil content of Sandia lime-
stones is about 32 percent, but may be as high as 75 percent. The faunal

assemblage contains a large number of taxonomic groups including
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Figure 19. Photomicrograph of a Sandia quartzite at Tip Top
Mountain. Quartz is the domninant mineral and the coarse
grains seem to be moderately sorted., Sutured grain bound-
aries and silica overgrowths are conspicuous and malke descrip-
tions of grain shapes uncertain. X31,25.

Name: Quartz Arenite.



Figure 20, Photomicrograph of a Sandia limestone with a high
detrital quartz and fossil content in a matrix of micrite, The
most abundant fossils are brachiopods. Lesser numbers of
crinoids, pelecypods, and gastropods are present. Medium-
size quartz grains are angular to subangular in shape and are
embayed by the matrix, Location: Tip Top Mountain. X31.25.
Name: Quartz, Brachiopod, Mollusk, Crinoid Biomicrudite;
Packstone.
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echinoderms, brachiopods, bryozcans, mollusks, forams, and sponges.
The fossil material is‘ broken and rounded suggesting transportation
prior to deposition. Ma’c.rix material, compriéing more than 60 percent -
of most thin sections, occurs as micrite ox microspé.r. Pseudospar
is present, but is not common, Both microspar and pseudospar are
interpreted as recrystallized micrite.

In the Sandia Formation, the most commoa‘n-dig.genetic textures .
(See Ap;pen’dix 1) are the result of various types_of neomorphism; ‘

J : :
Most aggrading neomorphism was found to 'b;a coalesdive. Degrading
neomorphism is also quite common, The neomori)hic gra.in_ shapes are
fibrous to equant and range from 1 to 3 in size. 'Sm_a-ll fractures filled
with secondary sparry" calcite occur in thin sec;tion.

All of the limestones studied in thin section are classified as
biomicrites. Using Dunham's {1962) clas sifica;.tion scheme, the biomicrites

range from mudstone to packstone.

MADERA LIMESTONE. Quartzite accounts for_ about 6 pt;;*rcent |
of the Madera Limestone. A typical arenite in the Madera Limestone -
(fig. 21) consists of about 80 percent granular material and abouf: 20
percent matrix and cement. Quartz and polycrystalline quartz are the
prima.ry‘ terrigenous components. Feldspar and mica are not conmunon;
although, mica is more abundant in wackes., Carbonate is the major
orthochemical component; in arenites it occurs as a sparry cement.

The grain size of arenites is predominantly coarse sand.

Deviation may be as much as 1.5 Wentworth grades toward coarser
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Figure 21. Photomicrograph of a Madera quartzite from North
Fork Canyon composed of coarse, poorly sorted quartz sand
grains cemented by sparry calcite. X31.25.

Name: Quartz Arenite.
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sizes or 3.5 Wentworth grades toward finer sizes. Grains are round

to subround and have 2 sphericity coefficient of about . 6. Sorting is variable
and ranges from poo:ijc- to well-sorted, | 'I_'he quartz arenites of the Madeza
Limestone typically con;:ain more matrix than do those of the Sandia
arenites.

Mn".c:r:itic 1imes-tones (fig. 22) dominate Madera '}ii:hology. Allochems
constitute less than 20 percent of the 1imési:o11e and terrigenous material -
is seldom present in i:hm section; however, detrital quartz so}netinle-:s
constitiﬁ/:es‘ as mu;:h as 10 percent of the rock. Allochen".tica.l é:onsﬁ.tuents
include intra.cl-a.s'ts, lithoclasts, and p(—';'llets. "I'he fossil conﬁeilt of the
micrites averages about 8 percent, The faunal assemblage includes
brachiopods, echinoderms, mollusks, fusulinids, horn corals, bryozoans,
and ostracods. As in Sandia limestones, the fragmented :ﬁossils- indicate
transportation to the depositional site.

Calcite is the doming.nt orthochem, The orthochem contént
‘ is ordinarily greater than 80 percent and occurs as -micrite, microspér,
or less commonly pseudospar. Both pseudospar and microépar are
interpreted as neomorphosed micrite.

Neomorphism dominates diagenetic textures. Degrading
neomorphism is most common, but both prophy:c:oid and coalescive
aggrading neomorphism occur. Neomorphi;: grain shapes are fibrous,
bladed, and equant and grain sizes range from 2 to 6. Small fractures

in some limestones are filled with secondary calcite spar.
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Figure 22. Photomicrograph of a micrite in the Madera
Limestone at Tip Top Mountain. Fossils are limited to
a few brachiopod fragments or spines. The light patches
are coarser calcite formed by porphyroid, aggrading
neomorphism. X31,25.

Name: Fossiliferous micrite; mudstone.
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The number of fossil groups represented is Ié,rge, but the fossil
content is consistantl;}' small, Since the f‘ossii_conte;nt is less than 10
percent, the limestones are classified as fossi%li_ferOus micrites., Using’
Dunham's (1962} terminology, most are classified as mudstoﬁes.
Occasibnally, the granular content becomes high enough to apply the

names biomicrite and wackestone.
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ROCKS OF QUESTIONED AGH

[

The present study leads the writer to question earlie‘r workers
who feel the sections at Olney Ranch (Qranife Mountain) and Tﬁes Montosas
are of Pennsylvé.nian age. Loughlin and Koschmann (1942) mapped a
Paleozoic section north of Highway 60 and east of G.;'anii:e Mc;unf:ain in
which t‘hey interpreted the sequence to be: Precambrian argillite,

Kelly Limestone, Sandia Formation, and Made:.;a. Limestone. They were
puzzled', however, by the anomalous thickness of the San&id which was
estimated .to be about 2, 300 feet. Kottlowski (1960) desé:;:ibed a 50 to
100 foot section located about two miles east of Tres Monto sa's x;rhich
consists ;>£ limestone-pebble and boulder conglomeratelinterbedded with
fine~grained quartzites. Although Kottlowski did not name the rocks,
he thought they were similar to parts of the Penﬁsylvanian System_in

the Magdalena Mountains,

The pronounced similarity of the quartzites in the Tres Monfosas
and dlney Ranch indicate tha;: they belong to the same stratigra'phif: uni:t.
Howevér', éompa.rison of these sections with the Mississippian and
Pemnsylvanian in the Magdaleﬁa Mountains indicates that thgy' aré not of
Pennsylvanian age, ‘Moreover, comparisons of these rocks with Permian
sections elsewhere in Socorro County suggest that the rocks in question
are of Permian age. Before discussing the evidence suﬁporting this
conclusion, a brief review of the Permian units’in Ceﬁtral New Mexico

is needed for purposes of comparison.
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Rocks of Permian age are well exposed in Socorro County.
In ascending order, formations of Permian age include the Bursum,
Abo, Yeso, Glorieta, and San Andres formations (fig. 23). A brief

description of each follows:

BURSUM FORMATION. The type Bursum (Lloyd, 1949) in and
n‘ear the Oscura Mountains, consists of lower i{]:terbedded dark-purplish-
red and grayish—-gre-en shale, pinkish-gray arkose, and gray to greenisﬁw
gray limestones capped by a thick, massive, light-gray, biostromal
limestone (Wilpolt and Wanek, 1951; Kottlowski, 1952). This mas si\'re'
limestone is o_vérla.in in some places by 1i.ﬁ1e sf;c.;ne pébble“cpnglors;xerate
" and elsewhere by algal calcarenite with lenses of pebble conglomerate,
In R.hodeé Canyon and northward, the Bursum Formation contains lenses
of grayish, red- to purple shale and sandstone and ne‘a.r the top of tﬁe
formation sporadic limestone boulder-conglomerates (Kotf:loxivski é.nd
others, 1956). Regionally, thicknesses of the Bursum Formation are
. variable and range from 50 to as much as 400 feet,

ABO FORMATION. The Abo Formation (Needham and Bates,

1943) consists of fine-grained, brownish~red, calcareous sandstone,
siltstone, and shale. At its type section in Abo Canyon, the Abo consiséé.
of about 60 percent shale and about 40 percent sandstone, arkose, and .
conglomerate (Needham and Batés, 1943). 'This rai;io holds approximately
true for most exposures in central New Mexica. Lc;ca.]ly', limestone
pebble-conglomerates occur in the basal parts of the Abo Formation

{Loughlin and Koschmann, 1942; Kottlowski and others, 1956; Jawoxrski,
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1973). The majority of the clastic units are laminated or cross—
laminated and may exhibit ripple marks, mudcracks, and burrowing.
The Abo Formation may be as much as 1, 100 feet thick, but in the
Magdalena Mountains only thin remmnants, as much as 175 feet thick,
are preserved benea.thl the late~-Eocene erosion surface on which the

mid-Tertiary volcanic rocks were deposited.

YESO FORMATION. Four members ar‘e recognized in the
Yeso Formation (Needham and Bates, 1943 )_.. In a.scél;&ing o:riier, the
four members are: 1) Meseta Blanca Sandstone (L;ower mefnber},
2) Torres Member (Evaporite member), 3) Cafias Gypsum, and 4}
Jovyita Sandstone (Needham and Bates, 1943). The totgl thickness oé
the Yeso Formation.ma:y"be moxre than I, 606 feet and limestones in the
middle part have yielded a large faunal assemblage m‘dic‘:é,ting a
T.eonardian age (Kottlowski and others, 1956)., The Meseta Bla.:r"zca.
Sandstone is charlacterized by pink or orange sandstone whiclll in the San
Andres Mountains is about 350 feet thick. The overlying Torres
Member is about 900 feet thick and consists of interbedded friable
sandstone; calcareous, sandy siltstone; arenaceous to argillaceous
limmestone; and gypsum. The Canas Gypsum member is about 200
feet thick and is composed chiefly of mottled, light- to medium-gray
gﬁsum with interbedded, reddish-brown and f.riable sandstoﬁe. Silty
limestones occur near the base. The Joyita Sandstone is less than
100 feet thick and consists of soft, cross-bedded, reddish-brown,

calcareous sandstone.
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GLORIETA SANDSTONE. The Glorieta Sandstone (Needharm

aﬁd Bates, 1943) attains its maximum thickness in northern New Mexico
where it is less then 300 f.eet‘thick. The Glorieta consists of light-gray,
m;edium- grained, cross-bedded sandstone. In the San Aﬁdres Mountains,
the Glorieta is comprised of yellowish-brown sandstones, with interbedded
1ixne‘stones, that grade down into the reddish sandstoﬁes of the Yéso
Formation. The quartzitic character of the-Glorieu’;a. makes it hig}:‘ﬂ.y

resistant to erosion.

SAN ANDRES FORMA.'I‘ION. The Sar;.‘Andres Formaﬁion (Needham
and Bates, 1943) is as much as 1, 000 feet thick. . The limestones ofg the-
San Andres are gray to dark-gray, medium-bedded fo very-thick—-berdde_d,
fetid, petroliferous, fossiiiferous, and dolomitic. | Mény limestones |
throughout the formation contain laminae of calca,rec;u.s siltstone and
scattered quartz grains. Locally, Glorieta-like sa.ndstoxxes-are found
neaxr the base. In the Joyita Hills the Glorieta and San A:;'J.dres are
separated by 3 inches of pink shale (Needham a-a,nd Ba.tés, 1943).. The-
San Andres Formation is overlain by the pale reddish~-brown siltstone,
claystone, and mudstone of the Dockurn (Chinle)} Formation of Triassic

age, or by the Bernal or Artesia red beds of Permian age,

Comparison of Olney Ranch and Tres Montosas Sections

with Permian and Pennsylvanian Formations

Thickness. Major problems with thickness are encountered

with the so-called Sandia Formation at Olney Ranch. The Sandia
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Fc;rmai:ion in the Magda.lena Range is from 550 to 600 feet thick but
the Sandia section at E)lﬁey Ranch, as mapped by .I_,oughlin and Koschmann
(1942), is 2,300 to 2,400 feet thick. If correct,. this would require | |
that the thickness of the section be increased approximately 1,750

feet in a little more than 3 miles. Facies changes, alon;g with pene~
contemporaneous faulting, might possibly explain the abrupt thickening
of the unit. However, these factors should he reflected in the lithologies

and structures of the sedimentary rocks. To evaluate the possibility

{
!

of primary thickening by facies changes, the rocks of the Olney Ranch
and Tres Montosas sections are compared.in‘f;he following paragraphs
with rocks of unquestioned Sandia affinity in the Magdalena Mountains,

Sedimentary Structures. In the main pa.i-t of the Magdalena

Range Sandia quartzites are typically homogeneous, but some small-

to medium-scale, low-angle, trough cross beds occur. At the Olney
Ranch and Tres Montosas sections, internal sedimentary structures

in the quartzites are conspicuous and are typically thin lamination and
small scale cross-lamination. The laminations are present thréughout
this unit, Blakestad (personal communication, 1973) has observed the
same thin laminations and créss—lamina.tions in a fine-grained quartzite
section along the east side of Stendel Ridge, about two miles to the south.
Loughlin and Koschmann (1942) mapped these outcrops as Sandia shale.
It is important to note that the sedimentary structures found in the
quartzites of these three localities are quite unlike those of the thin

Sandia quartzites of the main part of the Magdalena Range.
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Lithology. Lithologicé.lly, the sections at Olhey Ranch and
Tres Montosas are not simnilar to the Pennsylvanian sections in the
Magdalena Mountains. In the main part of thle Magdalena Range, the
Pennsylvanian System coﬁsisted of the Sandia Formation {(predominantly
shale with subordinate interbedded, thin coarse-grained, poorly f:o(
moderately sorted, angular to subangular c-iua.rtzite and fossiliferous
micrite) and the overlying Madera Limestone (prédcminantly f;)ssiliferous,
micritic limestones with! thin, interbeé’ldye&, ‘coa.rse-grai-ned, pooxly to
moderately sorted, angﬁ;.ar to subangulax qﬁartzites and siltyf shales),
T'he'Pa.leozoic section at Olney-Ranch is underlain by Precambrian
argillite. Above the argillite is aioout 1,300 feet of faulted and hydro-
thermally altered limestone that strikes N 33° E and di;')s about 60° to
the northwest. Replacement of limestone by silica has destroyed original
textures; however, in some samples replacement is incomplete aﬁd it
appears that the limestone was originally a dark-gray, fassiliferous
micrite. Fossil identification is almost impossible, but echinoderm
fragments are identifiable in some fresher samples as is a sma;ll
percentage of detrital quartz. Loughlin "and Koschmann (1942} ma.lz;
these beds as Kelly Limestone and lower Sandia Limestone but they
more closely r'esemble the uniform fossiliferous micrites of the Madera
Limestone and are interpreted herein as a down-faulted block of Madera.
Above this limestone unit is 689 feet of section that Lougﬁlin and

Koschmann (1942) mapped as Sandia shale. The beds crop out poorly,



but the present study shows that these beds are fredomiﬁan’cly fine~
grained, laminated quartzite with subordinate shale and limestone.

The quartzites are not similar in bedding characteristics, internal '
structures, grain size, lithology or color to those found in the Sandia
Formation of the Magdalena Range (table 5). In_the following descriptions,
the characteristics of the Sandia Formation in the Magdalei;a Mountai:;zs—
are given in parentheses. The granular c‘on_tent of the Olney Ranch
quartzites (fig. 24). averages about 80 percent (Sandia - 75 to 80%) -

and con{sists of coarse-~silt to fine-sand-size, (Sandia - very-coarse~
sand), well—sortea (Sandia - pooxr-to w;all-sortect), subround to round
(Sandia ~ subround to :r:o-und) quartz and suboi‘dinate feldspar {Sandia -
quartz). Grain sizes vary as much as 1.5 Wentworth grades toward
smaller or larger sizes {Sandia -~ 1 to 1aréer, 3 to smaller) and'g:i:ain
sphericity is about . 6 (Sa;.ndia - . 6). In the cementing matexial, calcite

is subordinate -to silica. Color ranges from light reddish~brown through

* light-gray and green. The weathered surface is always a reddish brown
(Sandia - gray). Due to poor exposure and significant alteration, shale
and limestone characteristics are uncertain., The quartzites are classified
as quartg arenites or subarkoses.

A comparison of these quartzites with those of the Abo Formation
of Permian age show strong similarities in everything but color. The
Olney Ranch section is within a zone of strong propylitic alteration
(Chapin, oral commmunication, 1973) and I interpret the quartzites to be _

Abo beds bleached of their normal reddish coloration by hydrothermal



Sandia Quarizites (Magdalena Mouniains)

Abno. Quartzites (O‘h‘my Ranch)

Granular Material: 75%. Quartz is dominant,

Granular Material: 80%. Quartz and sub-

o mica, feldspar, and chert subordinate, High ordinate feldspar.
Ol degree of pressure solution and quartz over- Mairix & Cement: Calcite is subordinate to
= growth, silica and clay.
ol Mairix & Cement: 25%. Predominantly silica, Color: Light-reddish-brown, light-grays, and
g subordinate calcite and clay. greens, Weather red,
8 Color: Olive~gray to gray, Weather gray. Name: Quartz Arenite,
Name: Quartz Arenites,
Grain Size: Very coarse sand, Grain Size: Coarse-silt to fine sand,
F Sorting: Poor- to well-sorted. Soxting: Sorting: Well-sorted.
o Roundness: Uncertain, subround to round, Roundness: Round to subround.
§ Sphericity: Uncertain, 0,6 Sphericity: 0.6
5
H
E Thickness: The Sandia Fm, in the Magdalena Mts. | Thickness: Loughlin and Koschmann (1942)
Plis 550 to 600 feet thick, estimate the thickness of the Sandia Formation to
o Bedding: Very-thick~bedded, homogeneous. be about 2,300 feet, *
I%Sedimentary Structures: Generally homogeneous, | Bedding: ’I'hm-bedded thick sequenc:e.
1 but with some small- to medium-scale, low- Sedimentarv Structures: Abundant, thin
o4 angle trough cross-bedding and planar cross- lamination and cross-lamination,
;§ bedding., Erosional lower contacts. ' ’
T
© g

Table 5c '

Corﬁparison of Sandia and Abo qua,r'tzites.

08
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Figure 24, Photomicrograph of an Abo quartzite at Olney
Ranch. The fine-grained sands are subrounded, well-
sorted quartz, Contrast this texture with that of the Sandia
guartzite shown in figure 22. Some sutured grain boundar-
ies and quartz overgrowths are also present in the Abo
quartzites., X31.25.

Name: Quartz Arenite.
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fluids. L. P. Entwistle of the American Smelting and Refining Company
re;ac:hed the same conckzlusion for similar beds along the east side of
Stendel Ridge and at depth in the Waldo mine (C:hapin, oral communication,
1973). The overlying latitic conglomerates of the Spears Foirmation have
been affected in a similar manner. When :Ergéh, the Sp;ea.rs conglomerates
are reddish brown but in the Granite Mountain area t};ey have been
pervasively altered to a greenish gray; If the red éigméntation were
restored to the quartzite§ in question, the;y woﬁld be uninistakably Abo.
O\;erlying the fine:a- gra;ned qua.r_tzites‘ is'a valley~forming unit
that is about 523 feet thick. A few thin limestones crop ou.t ;:hrough the
alluvium that covers most of the 523 feet. Iﬁese limitta;d exposures
occur as dark-gray, unfossiliferous, dolomitic‘: micrit;as that ma.;‘,r
locally become sandy. Lowughlin and Koschmann (1942) mapped this;
paxrt of the. section as the upper limestone of the Sandia Formation, If
the underlying quartzites é,re Abo, then this unit may be a faultéd,
incomplete section of the Yeso Formation, also of Permian age.
Along the western slope of the valley, Loughlin and Koschmann
(1942) mapped 135 feet of quartzite and interbeddedAlimesto.ﬁe as upper
Sandia quartzite. The limestones are subord;ng.te and similar to those
found in the valley below. The quartzites (fig. 25) are light- to medium-~
gray in color. The medium quartz sand grains in these very-well-sorted
quartz arenites are weil—rounded and have a sphericity coefficient of
about 0.7 to 0. 8, - Cementing material is dominated by calcite and usually

comprises 10 to 20 percent of the rock, Sedimentary structures were
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Figure 25. Photomicrograph of a medium-grained quartz
arenite in the Glorieta Sandstone at Olney Ranch. The
grains are well-sorted and well-rounded quartz. The
cement is not conspicuous but is calcite microspar. Note
the suturing of some grain boundaries. X31.25.

Name: Quartz Arenite. ’



not conspicuous, but some small- to medium-scale, low-angle cross-
bedding occurs in the guartzite (table 6).

A comparison of these quartzites with thése of the Qlorieta.
Sandstone on Lucero Mesa showed striking similarities. Both are light-
gray, well-sorted, medium-grained, well-rounded, thick-jnedded quartz
arenites. The quartzites at Olney Ranch are more highly indura;ted, but
this is probablly a consequence of hydrothérma}. alteration. The lithélogy
and s{:r?.tigraphic positio:'n of these quartzites, above tﬁe Aba and Yeso
formati'ons and below a rﬁassive dolomi..ti’é limestone interpreted below
as the San Andres Limestone, makes a Qlo:;'ieta assignmeﬁt xeasohable.

Overlying the Glorieta is 658 feet of dolomitic limestone that
caps the ridge and forms the -westward-facing é.ip slope east of the Olney
ranch house (fig. 26). Lo;b.ghlin and Koschmann (1942) mapped this part
of the section as Madera Limestor'le. These'limestones (fig. 27) are
relatively unfossiliferous with less than 5 percent fossil frag;men‘cs; the
only gx"oup represented is the crinoids, The remaining 95 percent of
the rock is compr:'ised of micrite and ngomorphic micros.pa.f. The
predominate diagenetic textures are fibrous to equant nt;orﬁorphism and
degrading neomorphism. Neomorphic calcite sizes ré.nge from 2.0 to
4. 0. The limestones a:;:'e medium-bedded to very—;thick~bedded, a.anl
characteristically produce a roughs; hackly Weathe':red surface, and yield
a strong fetid odor when freshly broken. The upper contact is a faulf

contact with overlying Tertiary volcanics.
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Sandia Quartzites (Mapdalena Mountains)

(lorieta Sandstone. (Qlpey Ranch)

Granular Material: 75%. Quartz is dominant;
mica, feldspar, and chert subordinate. High

Granular Material: 80 to 90 percent. Quartz

grains,

.S degree of pressure solution and quartz over- Matrix & Cement: Calcite spar,
=] growth, Color: Light- to medium-gray.
9 Matrix & Cement: 25%., Predominantly silica Name: Quartz Arenite,
f{ overgrowths, subordinate calcite and clay.
8 Color: Olive-gray to gray, Weather gray,
Name: Quartz Arenites,
Grain Size Size: Very-coarse-sand. Grain Size: Medium-~sand,
Sorting: Sorting: Poor~ to well~sorted, Sorting: Very-well-sorted,
o] Roundness: Uncertain, subround to round Roundness: Well-rounded,
H M Uncertain, 0,6 Sphericity: 0.7 to 0,8,
g .
)
H
o] Thickness: The Sandia Fm., in the Magdalena Thickness: Uncertain, 100 to 150 feet,
E Mts. is 550 to 600 feet thick, Beddmg Very-thick-bedded, homogeneous,
g Bedding: Very-thick-bedded, homogeneous, Sedimentary Structures: Small~ to medium-scale,
£| Sedimentary Structures: Generally homogeneous,| low-angle cross-bedding, :
N1 but with some small- to medium-scale, low~ 3
j angle trough cross-hbedding and planar cross~
f| bedding, Erosional lower contacts.
o .
o
0
i)

Table 6..

Comparison of Sandia quartzite and Glorieta sandstone,
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Figure 26. Contact between the Glorieta Sandstone and the
overlying San Andres Formation at Olney Ranch. The white
quartzites of the Gloriety Formation are well-sorted, cross-
bedded, quartz arenites (see fig. 25). The overlying San
Andres limestones are sparsely fossiliferous, medium- to
very-thick-bedded, dclornitic limestones which character-
istically display a rough, hackly weathered surface.



Figure 27. Photomicrograph of a dolomitic micrite in the San
Andres Limestone at Olney Ranch. This homogeneous, texture
is common throughouth the formation. As much as 5 percent
crinoids are present in some thin sections, but they are absent
here. This contrasts with the more fossiliferous, non-
dolomitic limestones found in the Pennsylvanian. X31.25.
Name: Dolomitic micrite; mudstone,
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A comparison of these limestones with the Sa..n Andres Limestone
revealed ri'lany simila‘rities. Both are sparsely fossiliferous, very-thick-
bedded, black dolomitic limestones with r.oug-.h, hackly weathered surfaces.
The San Andres Formation on Lucero Mesa is Pi';edominantly gypsum but
the thin, interbedded limestones are similar vtlo those in questi;on and a
transition from evaporites to dolomitic limesépné is a _cpm:chon facies
change within tlhe. San Anfires Formation. :'I'he Ma;.dez:a.‘limestoﬁes in the
Magdalena Mountains are not dolomitic, are relatively fossiliferous with
a wide range of faunal t3;pes, are lighter inlc:oior-, are not fetid, and do
not develop such a hackly fracture upon weathering (t#ble 7). bonsideriﬁg
the lithologic similarities to the San Andr;as and their stratigraphic posiﬁon
above beds reasonably intérpreted as Abo and Glorieta, 'the assignment
of the upper limestone unit of the Olney Ranch section to the San Andres
Limestone seems a 1ikely correlation,

Kottlowski (1960) briefly discussed a 50~ to 100-foot section of
" poorly exposed Paleozoic rocks near Tres Montosas. He fou:-a.d no fo‘ssils
indicating Pennsylvanian age; however, he did note that ti&e beds were
similar to parts of the Pennsylvanian in the Magdaléna Mountains.

The rocks at the Tres Montosas section are very poorly e:‘;posed
and it was not possible to accurately measure the section; hcwéver, a rough
measurement indicates the section mavy be as much as 150 feet thick. The
lower half of the section consists of limestone and quartzite boulder and
pebble conglomerates interbedded with calcareous quartzites. The

conglomerates contain poorly sorted, angular to rounded, sand- to
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Madera Limestone (Magdalena Mountains)

San Andres Formation (Olney Ranch)

80 percent of the rock.

95 percent of the rock,

g Calcite is dominant and it occurs as micrite or Dolomite is dominant and calcite is
21 neomorphic microspar. subordinate, Minor neomorphism,
3
o
H
O
Liess than 10 percent of the rock, No inorganic allochems,
E Occur as intraclasts, lithoclasts, and pellets,
5] . _ :
- . .
8} Fossil content averages 8 percent, Fossil content averages about 5 percent,
=l Includes: brachiopods, crincids, mollusks, Only crinoids were observed,
< horn corals, bryozoans, fusulinids, and
ostracods,
| Less than 10 percent of the rock, None.,
e . . "
53 Detrital quartz grains, Grains are moderately
sorted, angular, and gilt-size,
o
T b . R
n| Interbedded coarse-grained quartzite heds,
=
4 Medium- to very-thick-bedded, homogeneous. , Very-thick-bedded, homogeneous,
é Thin laminations, : : S
33t .
0 .
o 750 to 800 feet thick in the Magdalena 658 feet thlck :
J Mountains, Gray, weathers gray. _Black, fetid, weathers brown or black and has a
S rough, hackly weathered surface,
0 ' .

Table 7,

Comparison of Madera and San Andres lirnestones,
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boulder-size clasts o£. dark-gray, micritic limestone and reddish-browﬁ;
medium-grained quartzite (internally planar and cross laminated) in a
calcareous matrix (fig. 28). . The interbedded calcareous qua.ri:zités are
modera‘tely' sorted, subrounded, fine- to medium-—gra.izlled, olive-gray,
and weather 'a. pale reddish broﬁn.

The pebble and boulder conglomerates are not 'present in the
upper part of the section and oﬁly quartzite beds are obsexrved. '].Z'he
calcareous quértzites are moderately sorted, subangﬁla.r to Rsubrounded,
medium grained, olive gray,A and weather a light reddish brown.
Sedimentary structures in the quartzites are dominantly thin planar
laminations and small scale, low angle cross-lamﬁaﬁons.‘ The character--
istics of these quartzites are similar to those in the thick quartzite section
at Olney Ranch. Contacts with other pre-Teritary uni;ts are not'exposed
because alluvium and blow-~sand completely cover lower contacts. The
upper contact is a depositional contact with the'c;verlymg Tertiary volcanics
- of the Spears Formation, Similarities with Abo quartzites, at Olney Raﬁch,
and the presence of limestone conglomerates -elsewhere in the Abo make
a correlation of this section with the Abo Formation reasonable. |

I the reader compares the sections at Olney Ranch and Tres
Montosas with the Permian stratigraphic séque:tice, many similarities
may be noteci. The lithologies are more like the Permian tha.'n the
Pennsylvanian. The sedimentary structures found in the Olney Ranch

and Tres Montosas beds are more similar to those found in Permian

rocks than to those in Pennsylvanian rocks. In the light of these similarities
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Figure 28. Limestone pebble to boulder conglomerate in the
Abo Formation at Tres Montosas. The clasts are sand- to
boulder-size fragments of dark-gray micritic limestone in a
calcareous matrix. Armstrong identified brachiopods and ostra-
cods in the Iimestone clasts (Chapin, oral communication, 1973).
Other conglomerates in this section contain both quartzite and

limestone clasts. The conglomerates are interbedded with Abo
quartzites,
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with the Permian System, and the previously discussed conflicts with

rocks of known. Pennsylvanian age; the following revisions in stratigraphic

nomenclature are suggested:

1.

The units mapped by Loughlin and Koschmann (1942) at 61ney
Ranch as K_elly Limestone and lower Sandia Limeston'e are part
of the Madera Limestone of Pennsylvanian age. The Mississippian -
and I;OWer Pennsylvanian have been f;.ulted ;)ut.

The unit mappedlby- Loughlin and Kogchrnanﬁ (1942} at Olney -
Ranch and Stendef}. Ridge as Sandia sha.lx;: is part of the Abo'
Formation of Permian age. |

The unit 2t Olney Ranch which was mapped by Loughlin and

Koschmann (1942) as the upper limestone member of the Sandia

Formation is of uncertain Permian agé, but is probably Yeso

Formation.

The upper quartzite member of the Sandia Formation, as mapped

by Loughlin and Koschmann (1942) at Oluney Ranch, is the Glorieta

Sandstone of Permian age.
The limestone at Olney Ranch which was previously mapped as
Madera Limestone (Loughlin and Koschmann, 1942) is the San

Andres Formation.

Recognition and proper correlation of these units has solved many of

the problems encountered with earlier interpretations. This model

eliminates the abrupt thickening of the Sandia ¥Formation, it adequately

explains the discrepencies in grain sizes and sedimentary structures of
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the quartzites, and it explains the dolomite and sparsely fossiliferous
character of the upper limestone unit. In short, a degree of order is

achieved in a heretofore problematic area.



ENVIRONMENTS OF DEPOSITION

This chapter integrates the rocl‘c characteristics 'pre sented in
preceeding chapters and discusses a quern environment of deposition
in which sediments with similar characteristics occur. A cor‘rela.ﬁ.on
with large-~-scale modern environments., rather than small-scale modern
equivalents, is attempted because of lirnitations on the data imposed by

poorly exposed sections and limited lateral control.

Caloso Formation: The lower Caloso (table 3), a calcareous, arkosic
sandstone with quartzite, granite and greenschist fragménts, reflects
terrigenous éiebris derived from the beveled Precambrian rocks ovér :
which the Mississippian sea transgressed., The angularity, poor sorting,
and large size of the Precambrian debris suggest negligible distances of
transportation prior to deposition, 'I’h:is lower 15-foot part of the Caloso
is probably comprised of debris that was lying on éhe eroded Precambrian
1 surface and then reworked by‘ transgressing seas, This m.ateria.l “Was:
presumably supplemented by debris of sirr;ilar composition that ‘wa's shed
from nearby, low-lying highlands., Although no modern analogs are
known, Krumbein and Slos; (1963, p. 563) discuss similar deposits -
under the heading ""basal arkose association. !

The lower Caloso is overlain by well-sorted sandy limestones.
These probably reflect continued transgression that resulted in sedimen-
tation in deeper, quieter ;.vater with a more distant source a?ea. The

sources still provided detrital quartz, but deeper, quieter water prevented



the incorporation of coarser material iﬁto these upper Caloso beds,
The pguci‘qr of fossils and fossil fragments and significant accumulations
of carbonate mud suggest that Caloso beds were probably déposited
in somewhat restricted portions of‘a shallow, m;a.rine shelf, Summaries
of modern shelves have been given by Curray (1960 and 196;5), Belderson
and Stride (1966), Emery (1966), Swift (1970), Stride (1963), and Uchupi

(1968).

Kelly Limestone: A hiatus exists between the Caloso and Kelly

{ i -

formations.that ;epreseﬁts at a minimum, all of middle Qsage (Burling{;on)
time. Deposition in late Osage (Kecokuk) time, characterized by an
abundant and varied fauna (table 2), took place in an environment conducive
to organic growth, The origin of crinoi&al wackestones, packstones, and
occasional grainstones (table 3), however, is not easily explained. In areas
of modern carbonate accumulation, crinoids ar;a uncommon or absent -
(Bathurst, 1971), As a resulf, little is known concerning their 'habita.t. "
The model proposed here for deposition of Kelly beds is shniiar to, and

in agreement with, the regional model proposed and discussed.b'y- Armstrong
(1962 and 1963). The crinoidal limestones of the Kelly Formation probably
accumulated on a broad, shallow, marine shelf. The abundant crinoid.
gardens that must have been present probably indicate well-circulated
waters and probableaccesstoopen seas. The crinoidal gardens were a
ready source of the bioclastic sands that paleocurrents reworked -and
spread across the shelf floor. Chert in the Kelly Formation shows

evidence of a replacement origin (partial silicification of fossils and



relict textures in the matrix), Armstrong (1962) suggests the silica
was originally disseminated throughout the unconsoclidated calcareous
muds and sands and was then concentrated into nodules during dia:genesis.
Sandia Formation: During latest Mississippian and early
Pennsylvanian time the Magdalena area was subjected to erosion. Prior
to Pennsylvanian transgression, the Pehasco dome, so ];;ronﬁ.na.nt through
mo st of Mississippian time, along with the smaller Joyita uplift, became
the most important contributors of detritus to’ shallow Pennsyivanian _
seas (K;ottlowski, 1960). The characteristics of Sandia.- racks, presented
on page 59, are similar to those of sed‘iments accwmulating in a modern
shoreline complex, Selley (1 970)-revﬁ.e\,ﬂs modern shoreline environments
and offers an excellent bibliography concerning shoreline sedimentation.
Very- ;:oarse sands and gravels often are observed in cl;annel deposits.
Cross-bedding formed ?JY‘ megaripples is commeon in cha.ﬁnel depo ;its
and lenticular bedding and wavy lamination are commmon in finer lithologies.
Small-scale erosional features are very cormunon. Carl:;onates are
fossiliferous and micritic in nature. They exhibit thin lamination or
cross-lamination. The rock types of the Sandia Formation are interpreted
to represent various subenvironments associated with a shoreline complex.
Quartzite: The properties of Sanc;'.ia quartzites (table 5) are similar
to channel sands. These prbperties include: 1) texture--very-coarse-sand
size, poorly to well-sorted, rounded shape; 2) structures--small- to
large-scale planar and trough crossbedding; 3) erosional basal contacts,
and 4) geometry--~lensoid (uncertain in Magdalena Mountains due fo

limited exposures but some suggestion of lateral thinning). Wackes
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probably represent overbank equivalents of the channel facies and were
deposited in neaxby in:terchannel areas,

Shale: The properties of Sandia shales (page 59) indicate
deposition out of suspension in a low energy environmer;t such as a
maxsh, swamp, deltaic platform, or tidal flat. 'They are characterized
by plant growth and a dearth of maxine fo_ssils.' Sedimentary structures
are restricted to wavy, lenticular lamination and groés lamination. The
deposit'g consist of silty muds with small amounts of sané and are usually
carboné.ceous. :

Limestone: The characteristics of Sandia limestones suggest 1;he
rocks originated in a nearshore marxine or lower tidal flat type of
environment. This conclusion is supported by': 1) the presence .of marine
fossils, 2) abundant micrite, 3) fine laminations, and 4) their.as sociatién
with shale and quartzite. Similar limestones in Iﬁodern nea::r shore anc?.
tidal flat environments are described by Shinn, Lloyd, and Ginsblerg (1969},

 Dling, Wells, and Taylor (1965), and Bathurst (1971). They are also

observed in the ancient record by Laporte (1967) and Mater (1967).

" Madera Limestone: Madera lirnestones are the result of a long
period of subtidal deposition on a shallow marine shelf. Uniform accu;rnula.—
tions.of micrite with relatively sparse fossil debris interrupted by
occasional beds of quartzite indicate periods of highex enea‘:g.y periodically
occurred. Thin lamination indicates that éome horizons accu:mula.ted in an
environment with sufficient circulation to winnow micrite. Occasio;tzal high-~
energy regimes.produced coarse-grained quartzite beds, nodular limestone

beds, and the comminution of skeletal debris.



SUMMARY AND CONCIUSIONS

lThis paper has discussed the Mississippian aﬁd Pennsylvanian

strata of the Magdalena area in terms of:

1. Regional Stratigraphy

2. -Lo cal Stratigraphy '

3, DPetrology and Petrography

4, Depositional Environments).

Evidence was cited to support the following conclusions:

1. The Mississippian System ;‘i.n &_1é Magdalena. area is 64 to 125
. feet thick., The basal Caloso qumation is about 30 feet thick and is
éomprised of a lower terrigenous ﬁnit containing po‘orly'—sorféd, coarse-
grained sand to pebble-size fragments of Precambrié,n detritus and an
upper unit of sandy limestone. The ovexrlying Kelly Formation is as much
as 95 feet thick and islpredo:minan{:ly a crinoidal limestone. The Caloso
beds were deposited as éarly' Mississippian seas fransgressed over a
surface of iow ;.'elief carved on Precambrian rocks. Limestonés of the
Kelly Formation accumulated on a broad, shallow, well-circulated marine
shelf containing abundant crinoid gardens.

2. Exposed sect-ions of Pemnsylvanian rocks in the Magdalena
Mountains are 1,300 to 1, 400 feet thick., The éandia. Formation is 550
to 600 feet thick and consists predominantly of shale with subordinate amounts
of interbedded coarse quartzite and fossiliferous, micritic limestone. The-

Sandia beds were deposited as facies of a shoreline complex. The Madera



Limestone is 750 to 800 feet thick in exposed sections but as much as
1,200 feet of the upper Madera has been faulted out. Homogeneous
Madera micrites were probabiy deposited in local depressions on a
shallow marine shelf in which circulation and organic acti?ity was
inhibited.

3. The six members in the Sandia Formation, as described by
Loughlin and Koschmann (1942), are lenticular, local units impractical

to use in regional mapping or stratigraphic studies. It is'suggested that

T
1

their use be discontinued and the Sandia Formation be described as a
shale unit with thin, interbedded quartzites and limestones;

4., It is suggested that the sections at Olney Ranch and Tres Montosas
are of Permian age rather than Pennsylvanian é.ge as previously" thought.
Pe.rmian units at Olney Ranch are, in ascending oz;de:;:, the Abo, Yeso (?)
Glorieta, and San Andres formations. Permain strata at Tres M&nto sas
are restricted to about 100 to 150 feet at the Abo Formation.

In conclusion, Mississippian and Pennsylvani_an sedimentary rocks
in central New Mexico provide an example of ancieat shallow marine
sheif environments, | Relationships between nqmeroue; and diverse sub-
environments in the Pennsylvanian :;:ocks are poorly understoxod at present.
Continued study of facies distrubutions and an analysis of paleotransport
directions are needed before a detailed understanding of t';he Pennsylvanian

will be achieved,
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3 3 A~ B:osEa.nte Diomierite & Micrite (111b: ol X = Tigpenic Dolomite
|3 ([b:La) (ITb-La) § | I taorlh G5k g 1§ (VD DI} cte.
g |51 g |3 2 s | & | = :
Tl E|letta = g =
£ & S | <9& | k.. ] Biopelsparite Blopcimicrite ¥ Pellots: =2 Very Finely
2|V 3; ‘;‘IE 75| (Ibp:la} {1Ibp:La) % Pelicliferous == Crystalline
2 ® |"ga n~ Micrite "E_.ﬁ Pellet Dolomite
. 4] EZ (1lIp:Lla) = {Vp:D1) ete.
o
v =2 . ele,
fomit4 !
" Pelsparite Pelmicrite - . ’ , .
ol {Iplyy {iIp:La) - . L
v . L. i L
¢ ' ) .. H H i

*+ Deslpnates rare rock types. ' " . v ‘ . :

1 Names and symbols in sEe Tiody of the table refer to limestones. If the rack vontalns more than 10 1‘2" cent replacement dolomite, prefix the term “dolomitized" to the rock name,
and use DLror 1La for the symbol {e.gv, dolomitized intrasparite, L1z DLa), I( the rock containg mere than 10 per cent dolomite of uncertain arigin, prefix the term “dolomitic” te the
ruck name, and use 4Lr or dLa for the symbol ‘o.g.. dolomitie pelsparite, [p:dLa). if the rock consists of primary {Uircelly deposited) delomite, prefix the term Uprimary dofornite’ tu
the rack name, and us¢ Dr or Da for the symbal {c.g, primary delomite intramicrite, T1i:Dad. Instead of “primary dolomite micrite!! {Iifm:D) the 1erm Hdalomicrite” may be wsed. |

] Itflppcr natne ifn each box relers to calcirudnles median aliochem size larger than 1,0 mm.)s and lowes name refers 1o oll rocks with median ptiochem size smaller than 1.0 mm, Grain
size and quantity olooze matrix, cements or terrlzenous gralNs A iznores, - : . .

T 1f the rack containg more than 0 per cent Lerrigenous tmateriol, pretx Msandy,” fality, ¥ or Vclayey” to the rack name, and *Ts,"! w2, or FTe* fo the symbal depending on which
iz dominant (e.z., sandy biosparite, Tsibila, or silty dolomitized peimicrite, T211p: DLa). Glouconite, collophant, chert, pyrits, or other madifiers may also be prefived.

| these should e prefived a3 qualifiers preeeding the main rock name

© i 1he rock contains wiher dllochems in sipnificant quantitics that are not menlioned in the main rock name 1 :
i £ lastic biomicrudite). Tiis can be shown symbulically s Jitb, yo{p), 1206, respectively,

(e fasilifcrons intrasarite, oBhitic pelmicrite, pelletiferous cisparite, of intrav! ] / | b
% IF the fossils are of Tathier uniform Lype of unp type is dominant, iis faet should be shown in the rock name (e pelecypod binspatrudite, crineid biunueritel, .
+ 1f {he rock was originaily microcrystaliing 2nd fatt be sheten to have fecrystallized to microspar {$-15 mievon, "clear coleite) bhe tprms “microsparite,” Molumicrasparite” ete, oany
be used instead of Ymigrile™ or "blomicrite.” . ,

1 $nceily erystal size as shown in the examnies,  * —

¢ . G}.assiﬁcation of Carbonate Rocks ,(afﬁer Folk, 1959) : .

AN



) ) ) Depositional
Recognizable Depositional Texture Texture is not
T orginal Recognizable
Original Components Not Bound During Deposition AMggfgg?ents
Containg Mud : | Lacks Mud '
. Grain
Mud Supported Supported
Less than More than
I0% Grains 10% Grains
[
. _ . ~ CRYSTALLINE
MUDSTONE . WACKESTONE PACKSTONE. GRAINSTONE BOUNDSTONE CARBONATE
' v Tt — I . ) :

Classification of Carbonate Rocks (a.f;ce‘r Dunham, 1962),
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Q= auvariz

F=feldsnor

Rzrock fragments

Sandstonga0renite
Shelewgrenlie

Chorl-granaite
Cht

11143114

" gatelithtie
CRF

SRF
Sedarenile

Alnite
o"+ . F sael ] lil . -
ireclose hfi-: ne F/R \ :
' Asarinlie rotio 13, 5 , e Phyllazenite
‘ . 4 - . .t ) ! ' e P .
. . . . . ‘\-.,i/ . " v .o L, L Nplepatew VAF ,
. o < - orgnale .

Classification of Terrigenous Rocks {modified after Doi-:t,' 1964, ahd Folk, 1968),
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US. Sian- Millimaters Phi (5} Wentworth sizz class
card sizve : units
mesh ' .
Use wirs 4026 -12 L
SQUAres 1024 —10 Boulder
1236 . 23§ -8
= 64 &4 — 6 Cobble
> : : -
= 16 -4 . Pebble
(@) 5 4 4 -2
6 336 - 175 )
. -1 2383 — 15 Granule
' g - 238 — 125 .
10 200 "2 -~ 10
1z 1469 — 075 ST
14, 141 — 05 _ Verycoarsesand
15 ro119 - 025 S
/ 18 100 . 1 0.0
20 084 - . 025 .
25 071 - 05 . Coarsesand
30 0.55 coon 0875 o
35 050 12 10 -
o 40 042 : 125 _
Z 45 035 15 Medium sand
L3 50 - 030 . LIS :
) - &0 025 14 20
0 0.210 = T215
80 © 0177 25 Fine sand
100 0.149 ; 275 .
120 0125 1,8 30
140 0.105 325
170! 0:088 35 Very finesaad
200 - 0.074 3.75
230 0.0625 1/16 40
270 . 0.053 425 - : :
325 - D044 435 Coarsesilt’
It b 0.037 . 475
7 003 1/32 . 50
00156 1/64 60 Medionm silt
Use | 0.0978 1/128 70 Fine silt
pipstie 0.003% 1256 B0 . Very fine silt:
.or 0.0020° 9.0
hydro- 0.0C098 16.0 Clay
8 meter 0.00049 110 .
S . 0.00024 120
0.00012 13.0 .
0.00006 1490

Terminology and class intervals for grade scales:




Dasie Criterion

.Subordinate Criterla

Cussceraone oy e of el s Sfesleol | Abtunsl) Sl | el | e | dl
Nonerosional surfaces (simple cross- stratxﬁm- Lenticular Dlunging Symmetric Concave Iigh angle Small scale
tion) o (> 20 degrees) {< 1{oot) .
Planar surfaces of crosion {planar cross-slmhﬁ- Tabular - Nonplunging Asymmetric § Sleuight Medium seale
caijon) . (1 to 20 feet)
Curved surfaces of erosion (trou"h cross-strati-]  Wedge-shaped Convex Low angle Large scale '

{fication)

(< 20-degrees)

(> 20 fccl}

Classification of cross bedding (after McKee and Weir, 1953),

. "ROUNDNESS.

Classification of sphericity and roundness, .
(after Krumbein and Sloss, 1?63).

', ':. OIS ...
= _ : :
5 . 0.8 L R BRSO
R g iz R ae g
St od o0 05 07 09 , -
¢ Ang: Subang, Subrnd., Rnd Well Rnd

"Thickness of Unit

‘Terms for Thickoess of Stratification
Uniis

Bletric System English System
+~0.3 cm. *. ~Mpgin. { Thinly laminated
0.3-1.0 . Mo-%4 Thickly laminated
-3 T2 Very thinly bedded
3-10 1 Thinly bedded
10-30 4-12 Medivmly bedded
30-100 1-3 1t, Thickly bedded
100- 3= Very thick]y bedded

Glassxflca.tlon of beddmg (a.fter Ing:ra.m,

1954),

(A
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Mode of Formation
P: Passive Precipitation
P: Normal pore filling
Ps: Solution-fill
D: Displacive Precipitation
N: Neomorphism
N: 2s a general term, or where exact process unknown.
Ni: Inversion from known aragonite,
Ny: Recrystallization from known calcite.
Ng: Degrading (also Nig, N.g)-
Ng: Original fabric strained significantly.
Ng: Coalescive (as opposed to porphyroid).
{(the above rmay be combined as Npgg)-
R: Replacement

Shape

E: Equant, axial ratio <1}:1

B: Bladed, axial ratio 13:1 to 6:1
F: Fibrous, axial ratio > 6:1

Crystal Size
Class 1, 2, 3, 4, 5, 6, or 7

Foundation .
O: Overgrowth, in optical continuity with nucleus.
O: QOrdinary :
Oy Monocrystal
Oy : Widens outward from nucleus ‘
C: Crust, physically oriented by nucleant surface.
C: Ordinary ' ‘
Cyt Widens outward from nucleus
S: Spherulitic with no obvious nucleus (fibrous or bladed calcite only)
No Symbol: randomly oriented, no obvious control by foundation

Summary of code for authigenic calcite (after Folk, 1965).



Approximate scale 1:1,000,000

10 0 10 20 30 40 Miles
HEEEHI ——— e I —

Compiled in 1973

106°

Figure 14. ]
Mineralized areas and earthquake- epicenters(z 2.7
magnitude) in New Mexico,
Explanation’
Size of circles are in proportion to production.
Abbreviations are chemical symbols for the metals
mined with the exception of B = barite, and F =fluospar.
B indicates earthquake epicentets with magnitudes
227 occurring between (960 and 1971.

For sale by Technology Application Center,

University of New Mexico, Albuguerque,and

New Mexico Bureau of Mines and Mineral
Resources, Socorro
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Figure .15.

Lineaments and circular features delineated from
ERTS images.

Explanation:
L g = iy b ! o = Faults, ather lineaments and circular features
i . . i . . T T N i previously cited.
# Mosaic from ERTS-| satellite imagery band 5 with a wave length of 0.6 to O.7 micrometers [ B e e ol beits cited In the literature,
. ; ' — ——=Lineaments and circular features delineated
- i : ‘ | from ERTS images not previously cited.

B
£

Approximate scale 1:1,000,000

< o et i 7 ... . Z« Forsaleby Technology Application Center,
10 0 10 20 30 40 Miles _ : : b - o e : 4 _ University of New Mexico, Albuquerque,and
New Mexico Bureau of Mines and Mineral
Resources, Socorro
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