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A STUDY OP PEtTNSYLVANIAN-PERMIAN 
ARKOSES IN NORTH-CENTRAL NEW MEXICO 

CHAPTER I 

INTRODUCTION 

Location 

The area studied lies in the southwestern portion 

of San Miguel County, north-central New Mexico, v/hich 

includes the southern end of the Sangre de Cristo Range 

and foothills. The mountains, a member of the Southern 

Rocky Mountain Province, result from a folded, faulted, 

compressed belt of sediments associated with granitic 

intrusions. In sharp contrast are the foothills, v/hich 

are a portion of the Las Vegas Plateau of the Great Plains 

Province. The mean annual rainfall is 11 inches on the 

foothills but rises to 25 inches and more in the moun

tains. The elevation varies from about 7*000 feet on 

the plateau to 10,000 feet on the highest peaks. The 

principal streams of the district are the Gallinas River 

and Tecolote Creek, both of which head in the Rincon 

Range (the southern bifurcation of the Sangre de Gristos) 

and flow onto the foothills in a southeasterly direction. 

Purpose 

The purpose of the investigation on arkoses was to 

determine their general characteristics, occurrences, and 

condition of deposition. 
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Procedure 

Field Work. Arkoses occur in the Madera member 

of the Magdalena group of upper Pennsylvanian age, in 

the basal portion of the Sangre de Cristo fonnation of 

Permian (?) age and in the transition zone separating 

the two foraiations. Samples were collected from arkosic 

materials near the villages of San Jose, Bernal, and 

Romeroville. Several rock specimens were taken from 

probable igneous source rock of pre-Cambrian age, ex

posed in Gallinas Canyon northwest of the city of Las 

Vegas and at the southern extremity of Sangre de Cristo 

Mountains. 

Sedimentary rocks, associated with arkosic material, 

consist of limestones, shales, sandstones and conglome

rates that occur as a stratlgraphic wedge thinning toward 

and onlapping the igneous and metamorphic complex, v/hich 

consists principally of schists and gneisses intruded by 

granites and pegmatites. 

La:boratory» The laboratory work consisted of a 

sediment study with the binocular microscope and exami

nation of thin sections v/lth the petrographlc microscope. 

The sediments were first broken up, using a wooden 

mortar and pestle, then acidized with dilute hydrochloric 

acid to remove the carbonates. Clay sizes were defloccu-

lated and decanted; sands sizes v/ere secured v/lth the 



standard Tyler sieves, ranging in size from 2 milli

meters in diameter to 1/32 millimeter in diameter. Each 

grade size was weighed and studied with the binocular 

microscope as to mineral content, abrasional wear and 

quantitative mineral amotints. Heavy minerals, removed 

by the bromoform method, were identified for lack of the 

arkose zones. Qualitative and quantitative determinations 

were made on the heavy mineral content. 

Thin sections from the arkosic materials and from the 

igneous source rocks v/ere analyzed with the petrographlc 

microscope for mineral identification. 



CHAPTER II 

STRATIGRAPHY 

G«iei»al 

Rock exposures include pre-Cambrian, Paleozoic, 

Mesozoic, and Quaternary. 

The pre-Cambrian complex occurs as inliers locally, 

and according to Sidwell and Haliburton (1?), consists 

of pink and gray granites, gneisses, and schists. These 

rocks occupy the summit areas of the mountain range. 

Pennsylvanian rocks overlie the pre-Cambrian and are 

assigned to the Magdalena group, which is sub-divided into 

a lower member, the Sandia fonnation, and an upper member, 

the Madera. The Sandia sequence, consisting of a lower 

unit of elastics, which may be pre-Pennsylvanlan in age 

as pointed out by Northrop and others (12), is followed 

by varying thiclaiesses of marine limestones. Above this 

basal unit rests the upper clastic member of the Sandia. 

The Madera, which succeeds the Sandia, consists of a lov/er 

gray cherty limestone and calcareous shale member v/ith sub

ordinate amounts of clastic material, and an upper member 

consisting of light-gray limestones, arkosic limestones, 

siltstones, and arkoses. The contact between the two Ma

dera members is mostly gradational but may attain uncon

formable status in places. Locally, the arkosic limestone 



member overlaps older strata and rests on pre-Cambrian 

rocks# 

Sangre de Cristo redbeds of Permian age succeed 

•aia Magdalena group with a gradational contact, but 

locally it may become a disconformity. Brown-red ar

koses, alternating with siltstones, mudstones, and shales 

constitute the redbed sequence. The sediments in the 

upper part of the Sangre de Cristo are definitely Permian, 

but the interfingering relationship of sediments in lower 

beds with the underlying Madera suggests a Pennsylvanian 

designation for a minor part of the formation. 

The Yeso formation is mostly light-or^pnge sandstones 

and siltstones with a thin dolomitic limestone near the 

top» A break in sedimentation between Yeso and Sangre 

de Cristo is not apparent. 

The San Andres formation, Permian age, vdiich is con-

' formable succeeds the Yeso and consists of three units. 

The lower member is the resistant Glorietta sandstone, 

follov/ed by the middle limestone member, and an upper 

sandstone and siltstone member which Is discontinuous 

locally. It is usually a reddish-orange color. 

Mesozoic rocks are represented by Triasslc, Jurassic, 

and Cretaceous formations. The Triasslc system consists of 

the Santa Rosa and Chinle formations. The Santa Rosa is 

composed of red, yellov/, and gray sandstones, siltstones, 

and a few thin shales. This is overlain by the dominant 



red shales of the Chinle. A yellow-gray sandstone occu

pies a medical position in the sequence. 

The Jurassic system is represented by the Wingate 

sandstone and the Morrison shales. The Wingate is a 

massive medium-grained cross-bedded yellow sandstone 

irfaich is a cliff-former. It is conformable v/ith the 

underlying rocks. The Morrison formation has a basal 

limestone member, the Todilto, a dark-gray shaly lime

stone followed by variegated shales and sandstones. 

Cretaceous rocks are represented by the Dakota 

formation, a yellow ferruginous cross-bedded sandstone 

at the base, followed by the Graneros shale. Greenhorn 

limestone, Carlile shale, and the Niobrara formation. 

Cenozoic rocks are restricted to erosional remnants, 

such as on high pediments, terrace gravels, and alluvium 

deposits found along stream channels of the region. 

Arkose Deposits 

Upper Magdalena Group. The entire Pennsylvanian 

system in New Mexico has been termed the Magdalena group. 

Herrick (3) made one of the first attempts to classify 

the system in I9OO. He applied the term "Sandia" to a 

group of Carboniferous rocks in the Sandia Mountains, 

while Keyes (5) in 1903* proposed the name "Madera" for 

upper Pennsylvanian rocks in the same locality. Since 

that time the term has been inconsistently used by various 



authors* Thon^son's (18) proposal was to discontinue 

th€> name Madera. However, it will be used in this paper. 

Gordon (2) in I907* gave the name "Magdalena" group to 

all rocks found in the Magdalena Mountains, in central 

New Mexico, between the Mississippi (Kelley limestone) 

below and the Abo formation of Permian age above. He 

designated the group to consist of tv/o members, the 

Sandia and the Madera, ©le base of the arkosic upper 

member has been correlated with the Des Moines series. 

The term "Des Moines" was first proposed by Keyes (ij.) 

for the type section found along the Des Moines River 

in Indiana, in 1892. Later, the unit was raised to 

series rank by Moore (10) in 1936. 

Pusulina type Poraminifera of upper Des Moines age 

have been found in the lower section of the arkosic mem

ber and Triticites in the upper section of the Madera, 

^ich suggests upper Pennsylvanian age. The entire se

quence of the upper Madera member was transitional in 

the area studied and absence of unconformities makes sub

division into smaller time units very difficult. 

The arkosic member of the Madera consists of argil

laceous sediments cemented with calcareous material in 

varying quantities. Quartz and feldspar constitute the 

main ingredients. The feldspars are most abundant. There 

are three well-marked groups of feldspars; the monoclinic 

potassium type, mainly orthoclase; the triclinic soda group. 
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principally microollne; and the triclinic group of 

plagioclases, which are Isomorphous mixtures of two 

and members, albite and anorthita* Identification is 

made by noting the characteristic twinning, indices of 

refraction^ axial angles, crystal form, extinction angles, 

interference figures and relief of the three groups. 

Miuay feldspar grains are in an excellent state of 

preservation, but most of them revealed various stages 

of decomposition around the edges of the grains and along 

cleavage and twinning planes. The decompositional pro-

duet is a white to gray soft clayey material, probably 

kaolin. This clay often acts as a cementing agent, 

especially when mixed with iron oxide. Some balls of 

feldspar and quartz are seen cemented by this mixture 

of clay and iron oxide. In general, the feldspar grains 

are orange-colored, if fresh, but alter to opaque gray 

if decomposed. The color itensity decreases with de

crease in grain size, while the decomposition increases 

with the smaller sizes, probably due to an increase in 

the surface area of the smaller grains. Tlie grains are 

frequetiLy large and angular to sub-angular; few are 

rounded. Thin sections show many euhedral and subhedral 

forms of feldspars, v/ith the plagioclase type predominat

ing, followed by equal amounts of orthoclase and micro-

cline. The plagioclases shows decomposition and partial 

replacement by calcite» Tills replacement was proceeding 



In an irregular manner which resulted in a spotty ap

pearance of the grains* Qjaartz pheilocrysts are noted 

in some grains; however, in others It appears that quartz 

replacement has progressed to some extent at the expense 

of the calcite. In all cases the original feldspar form 

is retained. Calcite veins cut across the crystals in 

some cases, but this was rarely observed. Orthoclase 

feldspar, commonly occurred in large crystals showing 

distinct Carlsbad twinning, is distinguished by low re

lief, twinning, crystal habit, and extinction angles. 

The twins usually consist of two individuals and are 

never -polysynthetic. The most abundant inclusions in

clude quartz phenocrysts and microlites; biotite flakes 

are less numerous. Clay alteration products are present 

in the grain interior and appeared as a dull gray under 

crosses nicols. The clay is marked by low relief and 

weak birefrigence. This alteration is concentrated 

mostly in cleavage cracks and other places of weakness 

so that no uniform decomposition is noted. Microcline 

is distinguished by polysynthetic twinning and is in tv/o 

directions, one according to the albite lav/ and the other 

to the pericline law. The result is a "scotch plaid" ap

pearance, (Rogers and Kerr, lb). The mineral exhibits 

weak birefringence, similar to other types, thus inter

ference colors are blue and white of the first order. 

Plagioclase contains quartz inclusions and is coftmionly 
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cut by calcite velnlets of fine-grained material. ^ -

parently, this type is not as susceptible to decomposi

tion as the plagioclase. No secondary enlargement was 

noted on any of the feldspars. 

The quartz grains, TNtien seen under the binocular 

microscope, are marked by vitreous luster, conchoidal 

fracture, transparancy, and anhedral foira. A few eu

hedral hexagonal prisms, terminated by rhombohedral faces, 

are noted. Most of the mineral grains are colorless, but 

a few are stained by iron oxides to an amber hue. Inclu

sions in decreasing order of abundance are gas Dubbles, 

magnetite, biotite, cavities, metallic oxides (hanatite 

or ilmenite), tourmaline and hornblende (?). The gas 

inclusions are often arranged in definite planes into 

linear belts, while the other inclusions are spaced at 

random. The number of inclusions in the quartz decreases 

with grain size. Some evidence of etching is seen on 

some of the crystal faces* 

When viewed in thin sections, the quartz appears 

as equant-grained, frequently interlocking, irregular 

to subhedral grains. Some of the quartz appears to be 

cracked and the void is filled by other minerals. The 

most common inclusions found in the quartz are gas bubbles 

and cavities, and a few microlites of biotite and zircon. 

Under crossed nicols, a single quartz grain sometimes shows 

undulose extinction, while other grains show additions to 
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the original nucleus which is not in optical continu

ity with the nucleus* Some strain shadows are observed 

but these are in the minority. Some vein quartz is seen 

interspersed with the granular variety. This type is 

easily distinguished by the wavy extinction* 

Minute quantities of other minerals are commonly 

associated with the quartz and feldspars. These consist 

of the micas, some volcanic glass shards, magnetite, 

iron oxides, chloritic material, hornblende, tbupmaline, 

monazite, and epidote. The principal minor minerals are 

the micas, mUscovitetand biotite. These minerals, plus 

some limonite, are usually seen in thin sections from 

rocks of Madera age. 

Transitional Zone. This unit separates the marine 

Magdalena group from the overlying non-marine Sangre de 

Cristo formation and is a gradational sequence represent

ing continuous deposition of arkosic material. The pre-

mary mineral constituents are also feldspars and quartz* 

The feldspar content is 35 P©r cent in the Madera and 28 

per cent in the Transitional zone. The quartz shows a 

corresponding increase. 

The feldspars, as compared to those in the Madera, 

attain a higher degree of decomposition and abrasional 

wear* They are generally opaque, gray to liglit-orange, 

and exhibit a rather high degree of kaolinization around 

the margins and along cleavage planes. The powdery clay 
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alteration product is mostly ligjht-colored, but some 

examples with a green hue were noted* The clay often 

acts as a cwnent binder for the less altered feldspar 

and quartz fragments* 

In this section, orthoclase is the most abimdant 

feldspar, and decomposition is more advanced than in 

the Madera arkoses* The clay masks the mineral as well 

as the Carlsbad twinning* Most of the feldspar grains 

are anhedra; however, a few subhedra are present. Li

monite, clay, or calcite commonly s\u?round the grains 

completely or in part. Inclusions of quartz microlites 

are present, with occasional limonite coatings on the 

grains. Patches and veinlets of calcite are commonly 

found on the surface. Clay materials are present along 

planes of weakness in the mineral grains* 

Plagioclases and microcline are found in equal 

amounts, though less than orthoclase. The microcline 

is, in some cases, relatively fresh, but in the majority 

of the samples, it shows various degrees of decomposition. 

Often, the alteration product masks the grains to the ex

tent that identification is hindered; however, the char

acteristic polysynthetic twinning is usually visible. 

Inclusions include quartz microlites and some albite 

intergrowths (perthite). Calcite velnlets cut the mineral. 

Plagioclase grains found in the Transitional zone are 

marked by decomposition. Combined alblte-Carlsbad and 
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albite twiiming often show fairly distinct lamellae 

in parallel arrangement. Opal is a replacement material 

in some of the feldspar as are calcite and quartz* The 

replacement sequence.in feldspars is usually irregular 

in nature and apparently follows the lines of least re

sistance* 

Calcite is present as a fine-grained mosaic pattern 

and as well-formed eiihedral crystals showing beautiful 

polysynthetic twinning. Small rhombs are often observed 

in the mosaics which often act as a cementing material* 

Limonite often stains the calcite and occurs as a scale

like coating on other grains. It is rusty and opaque, 

and under crossed nicols, it is nearly opaque* 

Oolites are observed in some slides; they are usually 

spherical and generally not abundant* Calcite has replaced 

the original aragonlte proceeding from the center outward 

toward the margins. This replacement material is in the 

form of a groundmass mosaic of minute rhombs. In some 

instances, the replacement has gone to completion, vjhlle 

in others, a rim of aragonlte (?) remains along the cir

cumference of the oolites. Mlcrofosslls of crinoid stems, 

brachiopod shells, etc., are totally or partly replaced by 

the calcite. In all cases, calcite alteration begins in 

the center of the fossil. 

Detrital quartz grains, angular to subangular, trans

lucent to transparent, with conchoidal fracture are commonly 
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found in the samples. Many of the grains showing abra

sional wear are often pitted and slightly striated and 

sometimes contained iron-stained siirface coatings. The 

clay and calcite act as cementing agents, binding the 

quartz and other minerals together into small loosely-

cemented balls. There is a marked increase in angularity 

with decrease in particle size. The ti?anslucent grains 

contain inclusions of a dark metallic mineral, probably 

vermicular chlorite. The translucent variety of quartz 

shows marked angularity and vitreous luster which is 

absent in the dusky grains. Pew or no inclusions are 

present in this type of quartz. In this section, the 

quartz is often large-grained with sutured interlocking 

borders and covered with an iron oxide stain. Vein quartz 

is present in limited amoiints and shows a peculiar f eath<*«' 

ered structure in extinction positions. Some of the grains 

revealed undulose exitinction and possible secondary enlarge

ment. In one slide, quartz had completely surrounded a cal

cite particle and some of the fractured quartz grains had a 

small inclusion of calcite in their interior. Opal and 

chalcedony occurs as vein and cavity fillings and is brown 

and bluish-gray in reflected light. The chart apparently 

is secondary, as feldspar remnants appear in the mass of 

silica. Some strained quartz particles v/ere noted. 

Minclrals are less nî nerous from the Transitional zone. 

They included iron oxides, mica, chloritic material, mona

zite, tourmaline, zircon, garnet, and volcanic glass shards. 
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Basal Sangre de Criato* The increase in feldspar 

in percentage was from 28 per cent in the Transitional 

zone to 32 per cent in the Sangre de Cristo* The feld

spars in the larger size grades are mostly sub-roianded 

and relatively fresh* An incî ease in decomposition 

occurs with decreasing size. Color range is from orange 

to white and gray, depending on the state of kaoliniza

tion* The resulting clay is a powdery white-green to 

yellow material and is present along the fractures and 

on the margins of the feldspar. Feldspars are more 

numerous in the smaller grain sizes than in the larger* 

(See Plate VII). Locally mica inclusions, biotite, are 

abundant in the detrital grains. In thin sections ortho

clase appears most abundantly, although locally, micro

cline is the principal feldspar. Detrital orthoclase 

occurs in subhedral form and shares varying degrees of 

alteration into clayey materials. Some of the ortho

clase has been altered and partially replaced by quartz, 

other grains show strain effects, as the twin lamellae 

is deformed and displaced. 

The microcline feldspar Is characterized by secondary 

overgrowths at one end of the crystal. This overgrowth is 

not in optical continuity with the detrital core. Grada

tions in decomposition are noted. 

Plagioclase grains are less abimdant than other feld

spars and are often masked by decompositional products or 
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Iron-oxide crusts. The twinning is dominately the com

bined albite-Carlsbad type, and in some instances, it is 

cut by quartz veinlets. The entire area of the slides 

is covered by large equant-grained, closely-spaced par-

tides cemented by calcite and clays. It closely resem

bled granitic texture* 

The quartz occurs mostly as irregular, subangular, 

translucent, slightly abraded grains v/ith fewer inclu

sions than previously noted in older layers* The grains 

are colorless to pink; inclusions consist of a dark non-

metallic mineral, biotite, and a red-brown needle-shaped 

mineral, probably rutile* Quartz grains occur alone or 

in aggregates, weakly cemented by clays, most of which 

are fragnents, although some incipient crystal faces are 

seen* Many are coated with clayey materials and iron 

oxide, possibly limonite. About half of the quartz shows 

cloudy interiors as well as exterior abrasion marks. 

In thin section, the quartz is the most abundant 

mineral observed. Both primary and secondary varieties 

are seen. The detrital grains are frequently surrounded 

by overgrowths of very fine-grained quartz with brown color. 

Gas inclusions are common in both types v/ith the greater num

ber in the secondary quartz. Some of the grains have small 

needle-shaped inclusions of zircon (?) with small dark cores. 

Some of the secondary quartz, chalcedony, shov/s an aggregate 

structtire, occurring principally as a vein and cavity filling, 
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Many of the detrital grains are broken and fractured* 

The overgrowths are not in optical continuity with the 

core, and some calcite has apparently been replaced by 

the secondary material. Common cements are calcite, 

clays, iron oxides, and some silica. 

Some plates of muscovite with quartz inclusions 

are observed. Limonite scales and coatings are present. 

Calcite grains in mosaics are seen, but the mineral is 

not abundant. One particle of pyrite with a roughly 

triangular outline is noted. It is a pale brownish-

yellow, had high relief, and massive structure. Commonly 

associated with the detrital grains is zircon; biotite, 

dark green in color with partial alteration; muscovite, 

well preserved green tourmaline; garnet; various iron 

oxides, somev/hat decomposed; some detrital metamorphosed 

particles of schist. Volcanic glass shards, green horn

blende, and rutile are present. 



CimPTER III 

HEAVY MINERALS 

Madera Arkose 

Magnetite* The most abundant heavy mineral in the 

upper Madera arkose member is characterised by dull me

tallic luster, blue-black color, strong magnetism, irregu

lar crystal form, a fev/ facets, and quartz inclusions. It 

is often partly decomposed to hematite. 

Hematite* Constitutes 20 per cent of the heavy 

minerals. Grains are found in granular, specular or earth 

masses, occasionally in powdery aggregates. It is marked 

by dull earthy luster and brov/nish-red color in reflected 

light. The mineral occurs as microscopic inclusions in 

quartz* 

Tourmaline* Three varieties are present: pale to 

daj?k brown, fractured, elongate prismatic grains without 

many gas Inclusions; medium-sized brov/n prismatic or ir

regular formed grains with an abiuidance of gas and fluid 

cavities; green subhedra with gas inclusions, often v/ith 

fractured ends. According to Krynine (8) the tourmaline 

indicates a granitic and metamorphic terrane. 

Garnet* Often found as apricot-yellow to oranre, 

irregular dodecahedra in various states of decomposition. 
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It occurs as grains and inclusions. Medium to large 

crystals are comiaon, usually subangtilar. 

Biotite. Color ranges from a pale-brown to dark 

green; the grains show perfect basal cleavage, even in 

minute flakes^ the flakes are often rounded, some are 

psando-hexagonal, and always show a pseudo-imiaxial cross 

tinder the microscope. In some grains, it is partly altered 

to chlorite. 

2ircon. It is colorless and yellow. Occurs as 

irregular grains With marked angularity, some short prisms 

terminated with pyramids, and as gas inclusions. Some 

well-foiroed crystal facets are present. 

Leucoxene. Penned from decomposition of ilmenite* It 

is a dull #iite powdery substance^ rarely seen in thin 

section. 

Chlorite* Occurs as minute quantities of soft gray-

greenish micaeous material with basal cleavage* Blotchy 

color suggests leaching. 

Epidote* Primarily occurs as irregular equidimen-

sional siib-rounded slightly decomposed grains v/ith a greenish-

yellow color* The mineral shows an alteration product from 

feldspar* Only traces v/ere encountered* 
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Ilmenite. Small amounts are present. Occurs as 

irregular and subangular grains v/lth a metallic luster 

and purplish-black color. 

Limonite. Shows earthy luster, ochre yellow to 

brown color, found mostly as pov/dery aggregates and grain 

coatings. When present in thin section, it consists of 

opaque brov/n scales on other minerals. It is transparent 

on thin margins. 

Monazite. Traces of this mineral reveal red color. 

Irregular minute crystals and occurs chiefly as inclu

sions. 

Hornblende. Fairly large grains of dark green and 

brov/n hornblende occuj? with good cleavage and strong diag

onal cross fractures. It is found in traces only. Quartz 

inclusions are sometimes present. 
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Mineral composition of the Transitional zone com-

pal>ad to those ii** the Madera shows similarities and con

trasts* !Ehe contrasts involve occurrence, additions of 

new minerals, absence of minerals, alteration, and in

clusions * «Jt¥,|*#«^i>-;..- •'•;:• 

Some of the differences are: 1. The additions of 

muscovite, brookite, and rutile. 2. An increase in the 

amount of hematite, from second most abundant in the Ma

dera, to most abundant. 3* An increase in decomposi

tion as evideî iced by an increase in clay content and hema

tite and garnet alteration, i}.* An increase in the number 

of zircon inclusions. 5« The sediments show an increase 

in the degree of sorting and mineral grain rounding* 

Similarities include: 1* Zircon, tourmaline, gar

net, and leucoxene occur in equal amounts in both zones. 

2. Tourmaline, chlorite, zircon, magnetite, leucoxene, 

ilmenite, hornblende, limonite, and monazite possess simi

lar characteristics to grains in the Lladers. 

Differences and similarities v/ere noted in the Sangre 

de Cristo heavy minerals when dompared to those foiuid in 

the Madera. 

The differences are: 1. Muscovite, rutile, and py

rite are present in the Sangre de Cristo and absent in 

the Madera. 2. Absent in this zone are leucoxene, epi

dote, and monazite. 3« An increase in the ainounts of 

stable minerals as muscovite, zircon, and biotite. These 
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constitute 70 per cent of the heavy mineral suite, 

if.* Absent is yellow zircon, green tourmaline, and 

brown hornblende. 5« An increase in decomposition was 

noted in the hematite and garnet. 6. Increased degree 

of sorting and mineral grain rounding characterized this 

zone* 

Similarities are: 1. Zircon, biotite, magnetite, 

hornblende, ilmenite, and limonite possess similar char-

acteristics in both zones. 2. Traces of ilmenite, li

monite, and hornblende occur in the tv/o zones. 
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CHAPTER IV 

CONDITIONS OP DEPOSITION 

Late Pennsylvanian Time 

Several positive areas are present in New Mexico 

at the beginning of the Pennsylvanian period. The 

Pennsylvanian land areas are more extensive early in 

the period, becoming progressively smaller due to over

lap of deposits and are completely covered during the 

Permian. Sedimentation during Pennsylvanian time is 

affected by the Sierra Grande Arch that entered the north

eastern corner of the state in Union Coionty and continued 

southwestward into San Miguel Coimty, and the Uncoirrpahgre 

landmass which is foimd in Taos and Rio Arriba Counties. 

A negative area between the highlands is knô 'm as the 

Rowe-Mora Basin. Late Pennsylvanian orogeny, near the 

present limits of the southern Sangre de Cristo Range, 

restricted the seas in last Maderan time. The basis 

which resulted from this orogeny are the sites of depo

sition of the arkoses and associated sediments described 

in this paper. 

According to Read and Wood (15)> the strata in the 

basins represent a single sedimentary cycle, which con

sisted of tv/o phases, marlng and continental. The marine 

phase is responsible for the Magdalena group deposits. In 

early Sandia time the area was the deposltlonal site of 

normal marine sediments v/hich continued until iiiiddle 



Maderan time, inAien the positive element v/as elevated. 

This marks the start of clastic deposition in great 

quantities in the basins and the replacement of the 

transgressive phase with marine regression or offlap. 

Typifying this regression are the wedge-shaped marine 

arkosic limestones, calcareous argillaceous beds, shales 

and conglomeritic arkoses of the upper Madera limestone 

member. Subsidence of the basin apparently does not 

keep pace with deposition, thus resulting in decreased 

calcareous content and increased quantities of argilla

ceous material. The d^osits in the Transitional zone 

represent a flucuating strand line and are highly vari

able in thickness and composition. When the basin is 

nearly filled, the sea is pushed back from the landmass 

and the coarse fluvlatile and deltaic elastics of the 

Sangre de Cristo formation are deposited as a thick 

wedge. This marks the beginning of the continental 

phase of the sedimentary cycle. Permian seas trans

gressed from the south and the old basin deposits are 

covered by the Yeso and San Andres formations. 

A cross-section of this cycle v/ould probably reveal 

normal marine limestones at the base, grading upv/ard In

to marine arkosic limestones and succeeded by Increasing 

amounts of elastics and alternations ofniarine and conti

nental deposits v/hich Increase in coarseness landv/ard. 

The last beds would be v/holly continental in origin, ̂?ialnly 
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fluvlatile and deltaic; the entire cycle of sediments 

is covered by a veneer of marine littoral and neritic 

deposits* 



CHAPTER V 

SOURCE ROCKS 

Pre-Cambrian Rocks 

Several thin sections, prepared from specimens from 

the granitic complex, reveal mineral constituents with 

many characteristics common to those found in the arkosic 

minerals. The most striking similarities occur in the 

quartz and feldspars. Both types of quartz have an 

abundance of gas inclusions and cavities, often arranged 

in planes; some biotite and toui»maline inclusions in 

massive, anhedral crystals of quartz. Krynine (8) con

siders this type of quartz to be nonaal and end-phase 

quartz* 

The feldspars in the igneous rocks shov/ an abun

dance of microcline, followed by orthoclase; however, 

the arkosic varieties are principally orthoclase, with 

microcline second in abundance. This anomaly may be 

explained by the more resistant character of the ortho

clase to survive destruction and decomposition. 

Some micas, hornblende, pyrite and magnetite, in 

minute quantities, were observed in the granite slides, 

while the basic Igneous rock sections reveals an abun

dance of hornblende, micas, and auglte v̂ ilch were simi

lar to those found in the arkoses* 
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According to Petti John (13), the zircon, igneous 

quarts, microcline, biotite, hornblende, monazite, musco

vite, magnetite and green and brown tourmaline, all of 

which occurred in arkoses, indicate an acid igneous 

source rock. Similarly, the arkosic minerals garnet, 

green hornblende, muscovite, biotite, acid plagioclases, 

epidote, and magnetite point to a high-rank metamorphic 

source* Qpiartz, with worn overgrov/ths, leucoxene, and 

rutile are indicative of detrital mineral suites from 

reworked sediments. Some volcanic glass shards found 

in the arkoses and some well-formed hexagonal plates of 

biotite have been interpreted as volcanic in origin and 

are probably deposited from an infall of ash showers* 

The minerals in the arkoses seem to indicate an 

acidic igneous source, probably granitic, which contrib

uted most of the detritus. High rank metamorphic rock, 

as mica-schists and granite gneisses, are less important 

contributors of sediments. Minor quantities of material 

came from volcanic sources. 

The source area v/as to the north of the area stud

ied, in the pre-Cambrian core of the Rincon and Truchas 

Ranges. The sediments v/edge out and thicken tov/ard the 

ranges. Another possible source of sediments may have 

been the old positive masses, the Sierra Grande Arch and 

its lower part, the Pedernal landmass. This Inferred 

arch is thought to form a continuous land barrier during 
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f Pennsylvanian time along the eastern edge of New Mexico, 

and deep drilling reveals a basin filled with coarse 

elastics and arkoses, v^ich thicken toward the Rincon 

Range to the west and toward the Sierra Grande mass to 

the east* 



SUMT^RY 

The study of the arkoses revealed three fairly dis

tinct zones v/ith distinguishing characteristics. 

The upper Madera limestone zone consists of a highly 

variable marine arkosic limestone, red and gray shale, 

and coarse gray and red arkose sequences. The two abun

dant detritals are quartz and feldspar. Tlie quartz con

sists of irre[^lar, angular grains, a normal igneous vari

ety with gas bubble inclusions. The feldspars were rela

tively fresh but show post-deposltlonal decomposition in 

the form of a kaolin-type clay. The'dominant type of 

feldspar is the plagioclase followed by nearly equal 

amounts of orthoclase and microcline. A heavy mineral 

study reveals that magnetite is the most abundant, fol

lov/ed by hematite, tourmaline, garnet, biotite, zircon 

and traces of other minerals. Tlie maximum thickness of 

the uiDper Madera member is 250 feet. 

The Transitional zone is a gradational unit occur

ring betv/een the Madera and the basal Sangre de Gristo. 

The sediments consisted of argillaceous limestones, 

shales, and conglomeritic arkoses which v/ere probably 

deposited near shore by fluctuating iiiarlne and continen

tal agents. Principal constituents v/ere quartz and feld

spars. Irregular, detrital grains of nor^ial Igneous 
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quartz, sometimes iron-stained and often showing some 

frosting and abrasion, predominated. The feldspars 

were found in various stages of decomposition particularly 

along cleavage planes and around grain margins. Ortho

clase variety constituted the largest percentage of feld

spar, witli plagioclase and microcline in equal proportions. 

Heavy minerals of this zone, in decreasing amounts, are 

hematite, muscovite, tourmaline, chlorite, garnet, zircon, 

magnetite, and a few minor minerals. The thickness of the 

Transitional zone is variable but the average is about 75 

feet. 

Q5ie basal Sangre de Cristo zone is composed of coarse 

gray buff or brown arkoses alternating v/ith red siltstones 

and shales. The quartz fragments v/ere characterized by 

high degree abrasional wear, few gas inclusions, biotite 

microlites. The grains are coated v/lth clayey coats and 

iron-oxide stains. Orthoclase was the principal feldspar, 

microcline second, follov/ed by smaller quantities of the 

plagioclases. Many fragments v/ere altered to clay. The 

colors range is from orange to gray. The heavy mineral 

suite in order of decreasing abundance, v/as muscovite, 

zircon, biotite, hematite, toumiallne, magnetite, rutile, 

and traces of other minerals. Tlie maximum thlclmess of 

the zone is about 500 feet. 

A study of the plates. Included in this paper, 

reveals comparative differences in the degree of ̂ î ain 
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rotmding, grain-size distribution, and feldspar and cal

careous content, in the three zones* 

Pennsylvanian-Permian Boundary* The three zones 

reveal a sequence of sediments which represented a period 

of continuous deposition throughout late Pennsylvanian 

and early Permian time. Under these conditions of un

interrupted sedimentation, division of the deposit into 

definite time-rock units is further hindered by the lack 

of diagnostic fossils, so that any boundary drawn in the 

imit must be selected from the lithologic character of 

the deposit. In the absence of a regional unconfonnity, 

the most logical division of the unit should be placed 

at the upper limit of marine sedimentation. This type 

of sub-division includes the upper member of the Madera, 

the Transitional zone, and a portion of the Sangre de 

Cristo foimation in the Pennsylvanian system. It is 

here proposed that the upper limit of the Pennsylvanian 

system, found in southv/estern San Miguel County, be dravoi 

in the basal part of the Sangre de Cristo arkose where the 

calcareous content represents less than 10 per cent of the 

mineral constituents. 
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