
SEDIMENTS FROM THE PRE-CAMBRIAN ROCKS OF 

THE PEDERNAL HILLS AND LOS PINGS MOUNTAINS 

NEW MEXICO 

Approved: 

THESIS 

Thes is Committee 

Approved^^-—-y 

Dean of the Division of Graduate Studies 



19^5 

^^'^^ TABLE Cr CORTEWTS 
C o p . ̂  

CHAPTER PAOE 

X« Xntroduotion 

Looation woA General Description 

of Are%8 1 

Purpose of Stoly 3 

Aoknovledgnonta 3 

Previous Work axad Histor/ of 
Area 3 

II. Qonoral Goologjr , 5 

nZ, Method of Proeedore 

Collection of Seaples 8 

Laboratory Prooedure 8 

IV. Petrology of Rooks 

Rooks of the Pedernal Rills 10 

Rooks of the Los Pluos Mountains 11 

Y. Desoription of the Minerals 
Sediments derived from the Rocks of 
the Pedernal Hills 

Quartz 13 

Hornblende and Aotinolite 14 

Magnetite 15 

Hematite 15 

Mioae 15 

Unenite 16 

Leuooxene 16 

Ziroon 16 



CHAPTER I 

INTRODUCTICW 

Location and General Desoription of Areas 

The Pedernal Hills, situated in the central and northern portion 

of Torrance Countyi New Mexico embraces an area extending from 34 degrees 

to 35 degree north latitude, and from 105 degrees 30 minutes to 105 

degrees U5 minutes west longitude* Exposures consist of granites, 

schists, gneisses, and quartsites which are confined to an irregular 

belt, 12 to 20 miles in width and extends from Pedernal Mountain 

(T, 7N«, R» 12£«), southward to aporoximately five miles past the 

village of Pedernal. 

The Los Pinos Mountains are situated in the northeastern portion 

of Socorro County^ Mew Mexico approximately 50 miles southwest of 

the Pedernal Hills. Granites, schists, quartzites and some rhyolites 

are exposed in the northern portion of the mountains. The mountain

ous area extends from 34 degrees 15 minutes to 34 degrees 25 minutes 

north latitude and from 106 degrees 30 minutes to 106 degrees 40 

minutes west longitude. 

The approximate location of the Pedernal Hills and the Los 

Pinos Mountains is shown on Plate I. 
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Purpose of Study 

The purpose of this study is three foldj (1) to determine the 

properties of the minerads that are being contributed by the pre-

Cambrian rocks, (2) to determine the characteristics of minerals 

which might serve to Identify the parent rooks, and (3) to compare 

the individual minerad content of sediments derived from the pre-

Caabrian rooks of the two areas studied. 
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A number of articles concerning both the Pedernal Hills and 

the Los Pinos Mountains have been published. Most articles include 

a megascopic description of the rocks making up the two areas, their 

relationship to the surrounding sedimentary formations, and their 

influence upon the process of sedimentation during certain periods. 

An early reference concerning the Pedernal Hills was written 



by W, T. Lee in 191B. Mr. Lee lists the Pedernal Hills as a 

positive element existing during Pennsylvanian time and locally influe

nced the sedimentation of that area. 

The area now occupied by the Los Pinos Mountains was relatively 

low during Pennsylvanian and Permian time. Whereas, according to 

Read and Wood, two positive areas, the Pedernal Hills and the Joyita 

Hills to the east and southwest of the Los Pinos low respectively, 

2 
were important source areas for sediments. 

During the interval, Pennsylvanian to late Cretaceous, thick 

blankets of sediments were deposited upon the crystalline rock of 

both positive areas. At the close of Cretaceous time, great regional 

stresses ruptured the mass of sediments in the Los Pinos irea and 

resulted in the formation of an uplift. The upthrust masses, as seen 

today, form the Los Pinos Mountains. 

1, W. T. Lee, '*Early Me so zoic Physiography of the southern 
Rocky Mountains," Smithsonian Miscellaneous Collections. Vol. 69, 
(1918) p. ^, no.4 

2. C. B. Read and G, H. Wood,** Distribution and Corelation of 
Pennsylvanian Rocks in late Paleozoic Sedimentary Basins of northern 
New Mexico," Journal si Geology. Vol. 6c, (May, 1947), ^p. 22C. 



CHAPTER II 

GENERAL GEOLOGY 

The Pedernal Hills and the Los Pinos Mountains are confined to 

two structural provinces, the Basin and Range and the Southern Rocky 

Mountains. The Pedernal Hills, several hundred feet high, stand above 

the Peeos River Valley to the south and east, and the structurally 

depressed Estancia Valley to the north and west. Pennsylvanian 

and Permiaii strata trunoate the Pedernal Hills and dip gently toward 

the surrounding depressions. Isolated patches of Qusternary gravels 

overlie the Permian rocks. 

The pre-Cambrian core of the Los Pinos Mountains is covered 

in part by Pennsylvanian s^jrata, dipping gently to the south and 

southeast under the great tableland, Chupadera Mess, where Permian 

sediments are exposed (see Plate II). A belt 6 to 12 miles wide, < 

located between the west facing escarpment of the mess and the Los v 

Pinos Mountains, consists of valleys and low cuestas. The Los Pinos 

Mountains are separated from the Manzano Mountains on the north by 

the Abo River, a tribut«ury of the Rio Grande, Westward from the Los 

Pinos escarpment is a broad plain leading to the Rio Grande. Severii 

faults and igneous dikes are mapped along the eastern and western 

margins of the mountains. Another p sitive area, the Joyita Hills, 

lies about 12 miles to the southwest. 

The Pennsylvanian rocks of both areas consist of non-marine 

sandstones and shales which grade upward into marine limestones and 

shiles. Arkosep. and Permian "red-beds" appear to lie unconformable 

uoon the Pennsylvanian rocks in both areas. 
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The region to the east of the Pedernal Hills is drained by the 

Pintada River, which joins the Pecos a few miles south of the city 

of Santa Rosa, New Mexico. Drainage to the west is intermittent and 

streams terminate with sink holes in the Estancia Valley. At the 

north end of the Los Pinos fiountains the Abo River flows westward 

into the Rio Grande. 

The climate is semi-arid with a mean annual precipitation slightly 

lees than twenty-five inches. The annual range of temperature is 

from a low to -5 degrees Fahrenheit in January to a maximum of IIC 

degrees Fahrenheit in July. 
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CHAPTER n i 

METHOD CF PROCEDURE 

Collection of Sampiĵ ffl 

Rock speelnene said weathered material, released by weathering 

of the parent rock, were collected in the Pedernal Hills area from 

four localities. These were, namely, (1) from a readout made by 

U. S. highway 60, beginning 13 miles west of Encino, (2) near a 

railroad embankment, 4- niles west of Pedernal, (3) from a creek bed 

5 miles north of Pedernal, and (4>) from a pasture area, 8 miles 

north and 2 miles east of Pedernal. 

Samples from stream beds in the northern portion of the Los 

Pinos Mountains were oolleoted by Dr. Raymond Sidwell and presented 

to the author for study. 

Laboratory Procedure 

Laboratory procedure for analysing collected samples included! 

1, Thin sections were used to coordinate the rock with the 

mineral grain analysis. 

2. Preparation of collected samples for a mineral grain 

analysis included the following procedure: 

a. Calcareous materials were digested in dilute hydrochloric 

acid, followed by washing, filtering and drying. 

b. Clay sizes were deflocculated by boiling in a sodium 

carbonate solution. The suspended materials were re

moved by decanting^ 

c. The remaining materials were separated into grade sizes 

according to the standard Tyler sieves. 



d. Only light and heavy minerals in the 1/^ to X/U and the 

ifXii to 1/8 sises were separated into two groi:^s by 

the taromoform method* 

e. The heavy minerals were separated into magnetic and 

non-magnetic groups by the use of an electromagnetic. 

f• The identification aid general characteristics of the 

minerals werf determined by the use of the binocular 

and polarizing microscopes. 
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CHAPTER IV 

PETROLOGY OF ROCKS 

Rocks of the Pedernal Hills 

The pre-Cambrian rocks of the Pedernal Hills consist of pink 

granties, gneisses, schists, and some quartzites. 

The granites, probably the most recent of these crystalline 

rocks, occupy the core of the uplift and make up the major portion 

of the Pedernal Hills. They are pink and vary in texture from fine 

to coarse grained. The essential mineral constituents of the rocks 

include feldspar (chiefly orthoclase), quartz, magnetite, hornblende, 

and biotite, Accespory minerals are zircon, rutile, garnet, tourma

line, ilmenite, and andalusite. 

Most of the gneisses are medium grained and possess bands of 

light and dark colored minerals. The mineral content is similar 

to the granites, but the size, arrangement, and abundance of mineral 

grains distinguish the two rock types. 

The schists are normally fine grained, grayish rocks, possessing 

well developed schistosity. They are composed chiefly of muscovite, 

hornblende, zircon, garnet, and epidote. The mica flakes parallel 

the direction of schistosity, and occur a- foliated aggregates with 

some distorted lamallae. 

The quartzites of the Pedernal Hills are white, vitreous, and 

firmly cemented. They vary from white to pale pink, due to iron 

stain. The rocks are very hard and brittle and break with a con-

choidal fracture. The rock is medium to fine grained and is composed 

predeminently of quartz. 
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Rocks sL 1^ hSS, PiPQg Mountains 

The pre-Cambrian rocks of the Los Pinos Mountains have been 

named and described by Stark and Dapples. A significant part of 

this publication follows; 

The pre-Cambrian core is composed of the Sais quart-
zite (oldest). Blue Springs muscovite schist (origiiaally 
siltstone). White Ridge quartzlte, and Sevilleta rhyolite, 
all intruded by the Los Pinos (pre-Cambrian) granite. The 
pre-Cambrian bedded rooks exceed 10,000 feet in thickness, 
of which nearly 4-,000 feet is rhyolite flows. All dip 
westward (average 50 degrees), and schistosity parallels 
the dip. Schistosity of the Los Pinos granite (K. 20E.) 
parallels that in the other pre-Cambrian rocks. Granitiza-
tion is pronounced along its borders, particularly along 
the contacts with the White Ridge quartzite.^ 

Probably much less than 10,000 feet of pre-Cambrian rocks 

are exposed in the northern Los Pinos Mountains as only a ijmall 

part of the Sevilleta rhyolite is present. The texture of the 

quartzite is finely granular with n systematic orientation or 

elongation of the grains. The rock is prevailingly gray with some 

greenish and purplish layers. It occurs in beds, one to two 

feet thick, separated by thin beds of greenish schists. Crystalline 

quartz makes up 99 percent of the rock; the remainder consists of 

brown hornblende, biotite, and green chlorite. 

The muscovite schist, when freshly broken, is light gray but 

on long exposure it is mottled or banded brown and green. Tome 

schists show more pronounced schistosity and weather to a greenish 

gray with a silvery luster. 

•̂* J. T. Stark and E. C. Dapples, "Structure of the Los Pinô ^ 
Mountains, New Mexico" (abstract). Bulletin of the Geological Society 
^ America. Vol. 52, Kol 12, (1941) p. 1936. 
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The bulk of the intrusive pre-Cambrian igneous rocks consist 

of pink, s l ightly porphyritic biot i te granite. The rock i s made up 

of quartz, feldspars, b io t i t e , magnetite, hornblende, muscovite, 

tourmaline, Ilmenite, and rut i l e . 
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CHAPTER V 

DESCRIPTION OF MINERALS 

Sediments Derived from the Rooks s£. J«he Pedernal Hills 

QUARTS Quartz derived from rocks in the Pedernal hills 

occurs as transparent, turbid, awi milky colored grains. The mineral 

is found as rounded-lenticular, or angular particles and is derived 

chiefly from the granitic rocks. The majority of the grains are clear 

and contain sharply defined inclusions. The types of inclusions con

sist of fluid and gas cavities, irregular opaque minerals, dust-like 

microlites, and acicular crystals of translucent minerals. 

The quartz has four possible sources of derivation. These 

are: (1) Granites—-Quartz from granites is characterized by both 

clear and turbid grains which possess well developed fluid and gas 

cavities and inclusions of translucent and opaque minerals. The 

majority of the grains are rounded and give a clear concertric ring 

interference color under cross nicols. (2) Gneisses—Quartz derived 

from the gneisses is characterized by platy and angular grains which 

show well developed strain shadows and crenulated margins. Some 

acicular inclus^-ons of translucent minerals were noted, (3) Schists— 

This type of quartz is readily recognized by its milky appearance and 

relative absence of inclusions. Crenulated margins and undulose 

extinction is common and many of the grains possess properties similar 

to those of chert. (4-) Quartzites—The quartz grains are usually 

transparent, with many showing evidence of secondary crystallization. 

In thin sections, the quartz appears as interlocking grains in which 

the original grains are oreserved as drusy outlines. 
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HORNBLENDE and ACTIOLITE Dark-green, light-green, and brown 

varieties of hornblende make up approximately 25 percent of the heavy 

minerals. It occurs chiefly as prismatic elongated particles and less 

frequently as cleavage flakes or grains. The dark-green hornblende 

often appears nearly opaque except on thin edges. Light-green horn

blende shows a greater degree of pleochroism than the dark-green or 

brown variety. Many gra ns show evidence of alteration to chloritlc 

matter and inclusions of magnetite and biotite are common. According 

to Milner, the brown variety hornblende is rare in sediments and is 

less stable than other varieties, which could make it a possible 

criterion for dating formations. 

Aotinolite occurs as transparent to yellow-green, slender, 

prismatic crystals. ComDared to the other amphibole, it is of minor 

importance. 

Hornblende is derived from the granites, schists, and to a 

minor degree from the gneisses. From granites, grains are elongated 

and rounded with the light-green and brown varioites predominating. 

Some of the grains possess inclusions of magnetite and biotite. A 

large percentage of the grains are in the process of altering to 

chloritic matter. The hornblende derived from the schists has pro

perties similar to that of basaltine, occuring as dark-green, nearly 

opaque, elongated cleavage flakes. It is characterized by a higher 

refractive index than other varieties and has a tendency to remain 

stable. Grains from the gneisses consist of elongated particles 

1. H. B. Milner, Sedimentary Petrography. Interscience 
Publisher, Inc., New York, 194C. 
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with frayed ends, Acicular mineral inclusions are common and are 

situated parallel to the long axis of the mineral grains. 

MAGNETITE Magnetite makes up approximately 15 percent of the 

heavy minerals and occurs as angular fragments, rounded to sub-rounded 

grains, octahedrons, and inclusions in hornblende, mica, and quartz. 

The mineral is silver-gray to a dull black and many of the grains 

shew signs of altering to hematite. The mineral is derived from both 

igneous and metamorphic rocks but does not have characteristics that 

distinguish the parent rock. 

HEMATITE Hematite occurs as reddish-brown, irregular and 

rounded grains. Some of these grains are highly magnetic and are 

probably in the process of altering from magnetite. Approximately 15 

percent of the heavy minerals are maie up of hematite, 

MICAS Two members of the mica group, muscovite and biotite 

are represented in the sediments from the pre-Cambrian rocks, Musco

vite is the most abundant of the two, and is derived chiefly from the 

schists. It occurs as thin, transparent cleavage flakes, and is marked 

by its characteristic low relief and brilliant interference colors. 

Undulose extinction is a notable feature in many of the grains, and 

iron oxide inclusions are common. 

Biotite is represented by the dark-green, brown, and blackish-

brown varieties. The mineral is derived from both granites and schists 

and occurs mostly as brownish cleavage flakes with jagged edges. 

Partial alteration to chloritic matter is common, producing bleached 

grenns. Inclusions of rutiel and iron oxide were noted in the dark-

green biotite. This variety appears to be characteristic of the schists 

while the blackish-brown variety is more common in the granites. 
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^ ^ M I T E Irregular and sub-angular grains of ilmenite are 

relatively common in the sediments. The mineral occorF as iron 

black and purple-gray particles and makes up approximately 10 percent 

of the heavy minerals. The grains are moderately magnetic and some 

are partially altered to leuooxene. The granites and gneisses are 

the parent rooks, 

LEUOOXENE Leuooxene occurs as rounded, white or yellc^ljh-

white grains. Cores of unaltered ilmenite were abserved in some 

grains. It is probable that the mineral is an alteration product 

of ilmenite. 

ZIRCON Only about 2 percent of the heavy minerals are 

zircon. The mineral occurs in the form of prisms with partly rounded 

pyramidal terminations. The prevailing type of zircon has a pinkish 

tint. The transparent variety is less abundant. Inclusions of 

opaque minerals, ani elongated and tear shaped cavities were noted. 

Most of the zircon is derived from the granites. The grains 

are usuallly recognized by their pinkish tint and inclusions of 

opaque minerals and circular cavities. The grains derived from the 

schistose rocks are characterized by the colorless grains and the 

presence of tear shaped and elongated cavities. 

RUTILE Rutile is usually rare in the sediments. It is de

rived cheifly from the granites and occurs as rounded orismitic 

grains. The mineral is reddish-brown and contains inclusions of 

scattered opaque minerals and circular cavities, 

GARNET The almandite garnet is derived from the schists 

and granites. It occurs as light pink, txlmost transparent particles 

with inclusions of quartz and a few spheric^il rrains of iron oxide. 
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The surface of some grains is characterized by spotting and pitting 

indicating early stages of weathering. 

The garnet derived from the schists is characterized by strain 

shadows suid usually yields an<»malous interference tints due to 

strains. The grains derived from the granites are usually well 

rounded and possess inclusions of quartz and iron oxide. 

TOURMALIN^ Tourmaline is very rare in the sediments, making 

up less than one percent of the heavy minerals. Granites are the 

chief source rook. The grains occur as elongated, irregularly 

terminated, brown particles. Inclusions are limited to transparent 

minerals and circular cavities. 

ANDALUSITE Occasional grains of andalusite were encountered 

in the sediments. The mineral occurs as prismatic shaped, pinkish 

grains which show degrees of alteration to kaolinite. It is probably 

a secondary constituent of the granitic rocks, 

EPiDOTE Epidote occurs as angular to partly rounded and 

flattened platy particles. The mineral is greenish-yellow and most 

of the grains are unaltered. 

Epidote was rarely noted in the sediments and is probably de

rived from the schistose rocks. 

FELDSPARS Orthoclase and raicrocline are the -lincipal 

feldspars present in the sediments. Orthoclase, the most abundant 

of the two, occurr. in grains or lath shaped crystals. Twinning 

according to the Carlsbad law is :)revalent. Decomposition often 

begins along cleavage planes and cracks in the interior of the 

crystals; however, the margins rcraaiii clear. Some inclusions of 

quartz and mica were observed. 



18 

Microcline is easily recognized by its ''cross hatched" twinning 

and wavy extinction. Orthoclase is a constituent of the granites; 

miorocline is derived from both the granites and metamorphic rocks. 

Sediments Derived from Rocks jjf t ^ igg Pinos Mountains 

The characteristics of the minerals derived from the pre-

Cambrian granites, schists, and quartzites of the Los Pinos Mountains 

are similar to those of the Pedernal Hills area. The minerals 

include an abundance of quartz, feldspar, biotite hornblende, mag

netite; smaller amounts of muscovite, ilmenite; and minor tiaounts of 

epidote, garnet, rutile, iimonite, aircon leucoxene, and tourmaline. 

The quartz is derived from three sources; granites, schists, 

and quartzites. The mineral is more abundant in the Los Pinos than 

in the Pedernal Hills ?rea, but many of the characteristics are 

similar. Some of the difference include: a decrease in the amount 

of the milky variety pf quartz, a higijer percentage of metamorphic 

quartz, and on the whole, less weathering of the mineral. 

Biotite is derived chiefly fro- the granites and to a less 

degree from the quartzites. It is more abundant in the sediments 

from the Los Pinos rooks than in those of the Padernal Hills area. 

It occurs as dark-brown and black cleavage flakes with little 

alteration to chloritic matter. 

Hornblende is represented by the brown and green variety. The 

dark-green, nearly opaque, hornblende which was so prominent in the 

sediments surrounding the Pedernal Hills, appears to be entirely 

lacking. Igneous hornblende is more abundant than in the other area 

where gneisses and schists contribute a high percentage of the 



19 

mineral to the sediments. AetiAolite^ whioh was observed in the 

Pedernal Hills area, was not noted in the sediments. 

Magnetite makes up approximately 25 percent of the heavy minerals 

and is derived from the granites, schists, and quartzites. It 

occurs as rounded to sub-rounded grains, octahedrons, and as inolu-

sions in other minerals. The only difference of the mineral in the 

Los Pinos area compared to that in the Pedernal Hills area is in 

its abundance, 

Muscovite, epidote, and most of the garnet is derived from 

the sohistose rocks. The frequenoy of the minerals is approximately 

the same in both areas stalled. The majority of the minerals 

studied under the petrographic microscope show typical metamorphic 

characteristi08• 

Ilmenite, rutile, and tourmaline are accessory minerals of 

the granitie rooks. Less alteration of ilaentie to leucoxene was 

noted than in the Pedernal Hills area. The minerals constitute 

approximately the same importance in the heavy mineral suite as in 

the other area. The light-brown variety tourmaline is present in 

sediments of both areas. 

A colorless nearly transparent variety of zircon was frequently 

observed. The pink type zircon, present in the sediments of the 

Pedernal Hills area, was not noted in these sediments. 

Only small amounts ofIimonite was present in the sediments. 

Hematite, so plentiful in the other area, was not observed. 

As in the Pedernal Hills area, the feldspars are chiefly 

orthoclase and microcline. These mi««firals seem to increase in some 

localities at the expanse of the quartz. Many of the grains possess 
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opaque inclusions which are probably magnetite. Most of the fels-

spar is derived from the granitic rooks. 
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CHAPTER VI 

EFFECTS OF THE PEDERNAL HILLS AND THE 

LOS PINOS MOUNTAINS UPON SEDIMENTATION 

It is generally recognized that the land surface of central 

and northern New Mexico was relatively uneven during the whole of 

Pennsylvanian time. According to Read and Wood, two large linear 

positive elements manifested themselves as major features in the 

area and influenced sedimentation on a large scale (see Plate III), 

The easternmost of these is the Sierra Grande arch, which enters 

the state from.the northwest in Union County and extends south-

westward for an unknown distance. The seoond is the Uncompahgre 

positive axis, which enters the state from the northwest in Rio 

Arriba and Tiios counties, and extends at least into central Torrance 

County. Of less regional importance is the Pedernal axis extend

ing across the whole of Torrance County and possibably northward 

into San Miguel County. The Penasco positive axis and its linear 

or echelon continuation, the Joyita axis, situated in Sandoval and 

Socorro counties respectively, art likewise pronounced but of 

secondary regional importance. The Zuni arch, near the New Mexico-

Arizona state boundary, was not a rrajo • contributor of clastic 

materials to the area, Thompson, also, postulates that noritive 

elements existed in the area and states: 

The Pre-Cambrian rocks probably represent the 
buried remnants of a large land area of the AncCv*̂ -
tral Rocky Mountains, which may have extended almost 

1, C. B. Read and G. H. Wood, or), .^it. 
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unbroken from Colorado down across central New Mexico 
and almost to the south border of the state,^ 

From all indieations these land masses acted as a north-south barrier 

to the Pennsylvanian seas and also as a source area for the sediments 

deposited during the major portion of the Pennsylvanian period. It 

is probable that some positive regions supplied greater quantities 

of sediments to the surrounding areas of deposition than others and 

that the area influenced by the deposition of the sediments derived 

from one element was greater than tha^ of another. These conditions 

eould be due to (1) differences in elevation of the elements, (2) 

differenoes in the resistance of rooks making up the elements to 

weathering, (3) differences in the degree of slope of the elements, 

and (U) differences in climatio conditions. It is probable th:.t 

the first three factors were of major importemoe and that olimatic 

conditions were fairly uniform for the entire area. 

Subsurface data obtained from well borings have been the 

main source of information used in determining the lithologic and 

structural features of the sediJMntary formation whioh surround the 

Pedernal Hills, From this information it has been determined that 

rooks of Pennsylvanian and Permian age lie on the pre-Cambrian rocks 

of the Pedernal Hills by progressive overlap. Wells drilled within 

a few Hdles of the pre^ambrian outcrops have penetrated thin sec

tions of Permian and Pennsylvanian rooks before striking pre-Cambrian 

granites and schists. However, a well drilled ten miles west of the 

2. M. L. Thompson, *Pennffylv*^ian System in Hew Mexico", 
New Mexico School si Mines pulleUft> ^o. 17 (194^) 
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ber eonsistfl of gray fissile shale, arkosio mioaoeous sandstone 

and gray foasiliferous limestone interbedded with shale, 

Permian formations surrounding the Pedernal Hills consist of 

the Abo, the lowest, overlain by the Teso and Olorieta, The Abo 

formation consists of dark-red shales, sandstones, and arkose «a» 

terial. The leso foriaation consists of sandstones, siltstones, 

and some limestones. The Glorieta formations is composed chiefly 

of fine grained sandstc-^e members. 

From the preceding paragraphs, it can be seen that the Penn-> 

sylvanian and Permian strata surroimding the Pedernal Hills con

stitute a major sedimentary cycle. Read and Wood describe this 

cycle as consisting of a marine and continental phase of sedinen-
5 

tation. The marine phase consists of a suite of transgressive 

sediments, evenly ai^ widely distributed marine sediments that 

were deposited durttog. a period of maximum marine transgression, 

and unevenly distributed and restricted alternating marine and 

eontinental sediments that represent a period of offlap or marine 

regression. These sediments were deposited daring portions of 

the Pennsylvanian period locally characterized by development of 

geanticlines and sedimentation in geosynclines. The continental 

phase of sedimentation represents the final phase of geosynclinal 

sedimentation and geanticlinal maturity and old age. 

The Pedernal Hills contributed, in a local sense, to the 

development of the cycle of sedimentation in this area. During 

Sandia time or the period of marine transgression, the Pedernal 

Hills stood high in relation to the surrounding area and as the 

5 C. B. Read and G, H, Hood, op. cit. 
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•e^ transgressed and erosion progressed, a great amount of elastic 

material was contributed to the basins of deposition. As maximum 

•arine transgression was attained, the sediments eroded from the 

Pedernal Hills were of less quantity and more restricted. The 

arkoses, sands, and muds eroded from the Pedernal Hills were carried 

into the basins to interfinger with the Madera limestone member. As 

the regression of the sea began, sediments derived from the Pedernal 

Hills again became dominant, alternating with marine sediments to 

form the \xpijpeT clastic member of the Madera limestone formation. 

After oonplete withdrawal of the sea, continental deposition began 

with the Pedernal Hills still acting as a source area. During the 

deposition of the Abo formation, the Pedernal Hills contributed 

arkosio material, conglonerates, and sands. By upper Teso time, 

the Pedernal Hills had practically been peneplaned so that its value 

as a source area for sediments was of little importance. Sometime 

during early Olorieta time, parts of the ancient Pedernal axis were 

beginning to be covered with sediments from other sources. Subse

quent to the Laramide disturbance, erosion again became extensive 

so that today parts of the Pedernal axis are exposed to the surface. 

The Los Pinos Mountains came into existence long after the 

Pedernal Hills had been peneplaned and covered by succeeding sed

iments. During late Cretaceous time, great regional stresses were 

exerted from the west resulting in the rupturing of Pennsylvanian 

and Permain rocks and the formation of the Los Pinos Mountains, 

Today these mountains stand several hundred feet above the ancient 

crystalline rocks of the Pedernal axis. Weathering and erosion of 

the rocks making up the Los Pinos Mountains are resulting in the 

formation of a broad piedmont plain westward toward the Rio Grande 

file:///xpijpeT
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River. 

In this study an attempt has been made to determine the type 

of sediments which are being weathered from the pre-Cambrian rooks 

of the Pedernal Hills and the Los Pinos Mountains and the recogniz-

ation of these sediments by their heavy mineral content. 

The heavy mineral content of the sediments derived from the 

rooks of the Pedernal Hills consists of approximately 25 per cent 

hornblende, 15 per cent magnetite, 15 per cent hematite, 10 per 

cent ilmenite, and traces of zircon, rutile, garnet, tourmaline, 

and alusite, and epidote. The light minarale consist of apprcx* 

imately 60 per cent quartz, 30 per cent feldspars (orthoclase and 

miorocline) and 10 per cent mica. At the present time, and under 

the present environmental conditions, weathering of the rocks mak

ing up this element would result in the formation of an arkosio 

material with the above heavy mineral content. Over a longer per

iod of time the feldspars alter to ola^s, some of the less stable 

minerals such as andalusite ar'e destroyed, and a sand with the re

maining heavy mineral content results. 

The heavy mineral content of the sediments derived from the 

rocks of the Los Pinos Mountains consists of approximately 25 per 

cent magnetite, 25 per cent hornblende, 7 per cent ilmenite, 5 

per cent epidote and traces of garnet, zircon, rutile, tourmaline, 

Iimonite, and leucoxene. The light minerals consist cf approx

imately 60 per cent quartz, 2C per cent feldspars, and ZC per 

cent mica (see Plate IV). 
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CHAPTER VII 

SUMMARX 

In detendning the properties of the minerals which are being 

weathered from the pre-Oambrian rooks in both the Pedernd Hills and 

the Los Finos Mountains, it was found that certain characteristics 

are revealed which serve to identify the parent rook. 

Derivation of materials from the Pedernal Hills are as followsi 

!• Qranites^—Abuiidance of feldspar, qaarts, mafoetite, horn

blende, biotite; and less amounts of lireon, rutile, garnet, 

touraaline, ilmenite, and andalusite. 

2. Qoeisses—-feldspar, quartz, magnetite, hornblende, and 

biotite. 

3* Schists—musoovite, hornblende, siroon, garnet, and 

epidote. 

4* Quartzites^-^quartz and some iron oxide, 

Derivation of materials from the Los Pinos Mountains are as 

f olloirst 

1. Granites*-<-Abundanee of quarts, feldspar, biotite, mag

netite; and less amounts of hornblende, muscovite, tourmaline, 

ilmenite, and rutile. 

2. Schists—«quartz, magnetite, muscovite, epitote, and garnet. 

3. Quartzites—quartz, hornblende, biotite, and some magne

tite* 

As C8U1 be seen a decided similarity exists between the mineral 

suites of the sediments from the two groups of pre«Cambrian rocks. 

However, the relative a )undance, sparsity, and varieties of some 

minerals can be used to distinguish the suites. 

LUBBOCK, TEXAS 
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Quarts is more abundant and a hig^r perenntage of the mineral 

is derived from metamorphic rocks in the sediments of the Los Pinos 

area than in those of the Pedernal Hills area. The presenoe of 

andalusite, the dark-green nearly opaque hornblende, the pink var

iety lireon, and the large amount of hematite eharaeteriie the sed* 

iments of the Pedernal Hills area. 

The higher percentage of hematite, leuooxene, and the higher 

degree of partially altered feldspars indicate tliat the sedimentc 

of the Pedernal Hills area have und-^rgone a longer period of 

weatherJLng than those of the Los Pinos area. 
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