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ABSTRACT

The most commonly occuring rocks in the Southern Sierra Ladrones
are of Precambrian age. They consish of metaguartzites, horablende

schists, quartz-hornblende gnelss, o prandioritic auvgen gneiss and two

granodiorites. One of them is belicvad to have been formed Dy granitiza-’
tion during a period of regzional
The metasediments have been cl 1ied as belonging to the almandiie-

amphibolite facies, except for the fugen gnelss, which, together with the
granodiorite, represcnt the most Liv.oase degree of metamorphism reached
in the ares.

Locally effects of revrogressi o metomorphism are noted, produced by
the development of chlorite fronm hor blende.

The Precambrian rocks are tentotively cofrelated with formations

described by Stark (1956) Trom the fitn Manzano Mountains.

Follation in the metaseccdiments
pally by lithologic contacts. It 1o luterpreted as axial plane foliation

produced by_deformatignal slresses coting in a direction approximately
N 60° W. Isoclinal folding is thoughﬁ to have been produced.

Ladron Favult, with possibly somo strike slip movement, and Cerro
Colorado Fault, the ﬁajor fault of e Rio Grande Graben in this area,

bound the uplifted block of the

part of Sierra Ladrones on “he
SW and SE respectively. Thase fault:s ere believed to have formed during
the Tertiary.

Other formations croppingout in the area are‘Mississippién-and Poan-
sylvanian sediments, the Tertiary Popolosa formation-and Quaternary pedi-

ments,
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INTRODUCT IOH

This report is based ca the resviis of an investigation underialen

in partial fulfillment of the degree of Mo

__\

2gter of Science in Geolog? at

&
<.

The NWew Mexico Institute of Mining end Technology, Socorro, New Mexico.

the structure and metamorphionm

The problem chogen was to dete

1

of +the Precambrian rccks exposed 1 Lie southern part of the Sierr

0

Ladrones.

map at a scale of 1:12000.

Mapping was done on a
This map was made by enlarging a porticn of the U. 8. Geol. Survey Riley
15 minute quadrangle from ccale of 1:23000. TFor the sake of clarity only
the 200 foot contour lines were retained on the base map.

Field mepping and collection oi representative specimens was done
from late fall of 1900 through summer of LOSL whenever weather and road
conditions were favorablie,

.

From the collectzd spe imens thin sections were prepared and studied
microscopically. Some of the very fine grained rocks had too small a
grain size for definite identification by microscope alonz. These were
crushed, ground and screened. The fraction from 0.1 to 0.4 mm. was sep-
erated by a heavy liqulid (Tetrabromesthane). The light fraction was pul-

verlized and the minerals identified vy x-ray diffraction methods.

o
9]

During the author's employment petrologist for the Cerro De Pasco

Corporation, in La Oroya, Peru, the thin sections were re-examined. Re-

) . 2 .

sults of this examination sgree with the previous work and the resulbs of

the x-ray diffraction could be confizmed since the microscope available

vields magnifications up to 2000 dicreters.
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Tocation and Accessibility

The Sierra Ladrones is in ceuni:
of the Rio Grande Valley, approximaet
1).

The area studied 1s
cludes all or part ol the Following
31, 32-in TaN, R2W;
part of the northwestern corner of

-

The +total area m

bped 1s aboulb
Access roads ere scarce, due
of settlements in tho arez. Dirt x

85 about 1/2 mile wesh of bhe junct.
nardo, New Mexico. Onc of these diwv

Bar J" Ranch on the eastern flank
leads to the southern end of the m:
Rio Saladd and from there contlnues
are nearly impassable in we't weathzy

cally covered by drif® sand.

Topography and Physlography

T

The topography in the sSierra o

west central part of the mountains -

o vy
[

of the smaller knolls and ridges

the south end of the mapped area,

Peak, is about 5300 feet.

In the central part of the Sier

Ve

IR

ae branch off the former us

11 Mew Mexico on the western margln

41y 25 miles north of Socorro (v,
. part of the Sierra Ladrones and 1n-

seotions: 7, 17, 18, 19, 20, @2, 32,
5 and O in TLN, REQ, as well au
vhe Sevilleta Land Grant.
L5 square miles.
Lly to tﬁe topography and To lack

-~

of US Highways 85 and 60 at

-l

rosds leads to the former "Lezy C

v

the Sierra Ladrones. Another road
vieins, where 1t passes through the

arth as 2 "jeep trail’. Both roads
]

and are often deeply rutted and lo-

drones is rugged. Ladron Peak in the
ises to an elevation 9LT6 feet. IMany

about 6500 feet. The elevation at

roximately 6 miles south of Ledron.

o

ra Lodrones (north end of mep arca )



steep walléd canyons are mmerous and rather deep. Toward the east the
relief decreases and small hills and knolls become prominent. Iﬁ the
south tﬁe relief is low, except for Corra Colorado which rises sharply
about 1000 feet above the Llow ridges cast of it.

The western part is characterized by a hogback of Missizsippian

1

and Pennsylvanian roclks. Ihis hogboel drons OffF steeply to the east

b
]
[
3
jol

L -
LeCT.

Locally has vertical and overnanging cliffs as high as 20 to 30

The west slope of the hogback is a din slope, approximately 20 degrecs.

The high ridges are generally cuterops of Precambrian guartzites,

.

gnelss and granite. Areas of lower velief are underlain by schists of

)

Precambrian age and Ly Tertiary sedirents.
Fhysiographically the Sierra Ladrones belongs to the Mexican Hipgh-

land Section of the Dasin and Range Irovince. ‘The Slerra Ladrones is,

however, not a mountain typical of ihe Basin and Range Province, as i%

is isolated and separated rom the oo Loo-Polvadera Range by the water

gap of the Rio Salado.

Climate, Vegetation and Drainage
The climate in central New Mexico 1s characterized by warm days and

cool nights. The average annual tererature is 58°F,

The four seasons, although well ed, are not rigorous. The Joni.
ary average daily maximum is U average minimum 23°, The average

daily maximum for July is 95°, the . orage minimum 6l °F,

Precipitation averages less thna 10 inches ber annum, most of it
oceurring during the swmer months : - the form of eloudbursts associated
with thunderstorms. Occasionally un to 1—1/2 inches of rain may fall

within one hour.

The relative humidity is very 12w, even after rainfalls.



Due to the seasonal precipitation natural vegetatlon is restricted

to plants which require little water, or to such plants which can store

water in their systems for a long iriod ol time.

- woshes and at low elevations (up -

The predominant vegetalion in

to about 5600 feet) consists of mcuqy;te; sage brush and creosote bush;
some cedars are usually present.

The next higher faural zone iu comprised of cedar, yuéca and several
cacti, mainly tree chella and "pricciy pear”. This zone also contains
locally evergréén.oak end some grassos (c.g. gramma grass). The approx-
imate range of this zone is from 5000 to 6400 feet.

Tn the highest faoun2l zone represented, cedar 1s present and Ponderon

pine. Most of the latter wers killed during the droughts of 1955 and

1956. Cacti occur only sparsely. ite oak, pinon pine and "alligator

in moist places.

i

juniper" were found locall
Ridges of granite and guartzitc support much less vegetation than
areas underlain by schists and horiblende gnelsses.
All of the strcgms in the mepped area are intermittent; they carry
Vater only after rains and during & short period in spring when the snow

melts. The streams are divectly or indirectly (tributeries of the Rio

Just

[&]

‘Salado) tributaries of the Rio Grande. The Rio Salado which passe

south of the area mapped 1s crmittent since in most years suriace

flow ceases for a short leangth of time.



GENERAL GEOLOGY

Rocks in the Sierra Ladrones econsist b nrincipally of Precambrian mets-
sediments énd two separatily mapped granodiorite units. West of Ladron
Peak are Carboniferocus sediments, mainly lin inestones, sandstones and shalec.
Scattered outcrops of Pennsylvgnian sediments also occur east of Cerro
Colorado.

One of the granodiorite units noas metamorphic affinities and has
been intruded by the other granodiorite. The younger granodiorite shows
cross cutting relationships with the uetasediments in Cafion Hondo and now

=1

Torms the eastern part of the Sierr: Ladroyes. The younger rock has
been determined to be Precombrian it re (L.LL billion years) by Rb/Sr
determinations (Wasserburg 1955).

The Tertiarvaopotosa formatioca, a volcanic conglomerate, crops oub
along the southeastern front of the mountains. The overlying Santa Fe
formation filling the Rio Crande Valley is present only east of the mapped
area.

Quaternary pediment gravels arc obundant along the south and south-
east flanks of Cerro Colorado and 4o the cast of it. At least two pedi-
ment surfaces can be recognized elilnush they are not subdivided on the
map (Flate i).' Quaternary alluviun s found in all valleys and canyons.

The early Precambrian metagqusry (Lower Quartzites in this re-

port) form Ladron Peak and a high sicen ridge (Main Ridge) which extends
approximately 3 miles south tQ southast from the peak. These rocks
6ccupy most of fhe‘NW quarter of the map area, Interbedded with the guart-
zites are minor amounts of micaceous guartzites, qpartzfmica schists and

quartz-hornblende gneisses




Red granodioritic augen gneilss with interbedded, more or less felds-
pathic quartzites and. some hornblende gneisses are well exposed on Cerro
Colorado, about 5 miles south of Ladron Peak in the SW quarter of the
mapped area- (Plate 1. This augen pociss exhibits-only moderate folia-
tion. Hornblende schists, hornbleﬂdeuquarfz gneisses and mica schists
interbedded with some thin quartziic h§d3 are mapped in a belt trending

SW ~ NE. This belt liss in the wvalley directly west and north of Cerro
Colorado and along the base of the Muin Ridge. Intense deformation of
these rocks is evident. Foliablon «.d linestion are well developed 1n
most of the hornblende-quartz gneisugs and evidence of tight folding with
possible faulting is found.

The guartzites interbedded witl {these hornblende schists apiear to
be much more strongly deformed than the quﬁrﬁzite beds on the Main Ridge.

Folds of small. amplitude are common nd one outerop directly wnorth of Cerx:

Colorado shows tight, isoclinal foluing of a massive quartzite. Only

(53]

anticlines are present and the synclines appear sheared out along fault
which are parallel to the fold limbo (Frontispiece). On the Main Ridge

all measured orientations are rore ur less parallel and no definite evi-

dence for isoclinal Folding has beew noted, except for the rapld norch-
2 &

eastward pinching out of a wedge of caceous and horablende schists about
1 mile north of Loma dez Silla.

Precambrian red granodiorite crops ovt in a N-8 belt east of the

1

ILadron fault extendingz from Cafion Hondo in the north to within 1L mile of

Cerro Colorado. The same rock is believed to comprise the northern part

I

o

of Loma de Silla west of the Ladron fauvlt. Generally the granodiorite

massive and relatlvely homogeneous in composition; however, locally there .

dentical 4o horn-

e
jote

are patches which are texturally and compositionally



blende schist,

A younger granodiorite, weathering generally buff colored, crops out
in the northeastern mapped area. Thals rock shows intrusive contbacts with
the other FPrecambrizn rocks. ZXenoliths of Precambrian metasediments are

acts are present locally; no ef-

ot

locally gquite numercus. Intrusive con
fects of contact metamorphism are noted.
A few basic dikes, some too small to map, are scattered throughout

the map area, They cenerally trend ~ortheasterly; their mafic consitu-

ents are completely alitered. A Tew leonticular, pegmatitic veins are re-

stricted to the Cerro Colorado are:n.

o

¢ of Carbonifercus sediments extends

West of Cerro Colorads o hogh:

[p]

[

o

o
]
i

of the Sierra lLadrones. The

north-south along the entire west ¢
boniferous beds are in depositional conbact w1th the wnderlying, strongly
folded and eroded Precambrian rocks, although good exposures are limited.

The southeastern part of the ni:s I1s covered by the Tertizry Popotoiz
formation, a volcanic conglomerate walch contains boulders as large as 2
feet across, This formaticn is in mult contact with Precambrian and
Pennsylvanian rocks along the Cerro Uolorade Fault.

€L

(e}

Quaternary pediment gravels, o g mainly of Precembiian and

a lesser extent of Carboniferous ro.: fra ;mﬂts are abundant in the south-
eastern and east cenlral parts of =iv: area. Alluvium is found in £11 dry

washes and canyons.
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PRECAMBRIAN ROCKS

Rocks of Precambrian age in the Sierra Ladrones consist of: a se-
guence of metasediments, a gronodioritic augen gneiss, a red sranodlorita
and a light buff granodiorite.

Foliation and lirnestion are devaloped to varylng intensities, de~
pending upon rock composition as woll as intensity of metamorphism. Lin-
estion can in most cises bz detected only in thin sectlions. Both greso-
diorites are generally massive, how.ver the red granodiorite displays

1-1

a a pgradational contact with 1%,

foliation where the vetasediments I
Where original bedding in the metoscdinments is still discernible folia-
tion always colncides with it.

For the purpose of mapping the metasediments in the Sierra Ladrones
have been divided into (1) Lower Guartzite, | (2) Hornblende Schist, (3)
Upper Quartzite, and (&) Massive Amohibolite.

Tt is believed tha®t these units wmay correlate with the sequence es-
tablished by Stark (1956) in the ¥anuzano Mountains.

In some exposures, it is evident that folding has been very intense,
and that faulting hes played a significant role in the deformation. The
rocks most affected are hornblende schists, quartz-hornblende gneiss and
some thin guartzite beds within‘the.hornbiende schists. P%ygmatigally
folded veins of predominantly quarts and sodic feldspar are locally found
in hornblende schist. Compositionzi layering in the horhblende schist
is very well developed in some arcas. Drag folds aﬁd chevron type folds

were observed and mapped in these rocks.
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Lower Quartzite

A sequence of pure quartzite with an exposed thickness of 5400 feet,
herein called the Lower Quartzite,‘extends from the base of the easbtern
flank of Main Ridge westward toward.Ladron Peak. The rocks are conflined
to the north of Ladron Fault and convinue ﬁorthward'for several miles.
The Lower Quartzite is exposed over approximately 3 square miles in the
map ares.

The Lower Quarlzite is massively bedded and strongly metamorpinosed.
In this sequence thin beds of quart:-muscovite schists and gquartz-mucco-
vite-andalusite schiéts are sﬁarsely interbedded with the quartzite.

The Lower Quartzite is tentatively correlated with the Sais Quart-

zite which Stark (1956) degcribes fiom The South Manzano Mountains. The

latter has a thickness of about 2,000 feet,,and its descriptions agresz
falrly well with the Lower Quartzite.
The Lower Quartzite forms very prominent outcrops and supports scant

vegetation.

Structure and Lithology

The Lower Quartzite isw agglve, and few bedding features have been
observed. Hematite and/or magnetite rich layers a few centimeters Iin
thickness alternating with almost ourc gquartz layers are suggestive, but
not conclusive proof of bedded structures. Thin conglomeratic beds are
found, but they are usually lenticular and cannot be traced along the‘
strike for any distance. M@asuﬁements of bedding attitude were taken
only where such vaguc bandigg was present or at Lithologic contacts be-
tween quartzites and some of the thin schistose inferbeds.

The average strike of the Lower Quartzite is N3CE with an average din
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of 45° southeast. The dip steepens slightly to the north.

Jointiﬁg is present, but it is wideli spaced aﬁd not promiﬁent, and
there is no preferred orientation. Woliation is present in quarizite wnitu
which are micaceous as well as in some of the thin interbedded schists.
Foliation parallels bedding as defined by lithologic variations and bound-
aries.

The Lower Quartzite ranges from white to gray in color: shades of
off-white, pinkish, light gray with darker‘bands, and medium gray are
cormmon. Sometimes the color is meltled or streaked in reddish or gray-
ish tones. Weathered and fresh surihces rarely differ in color althougn
staining occasionally modifies the woathered surface.

The grain size within individual units is uniform. Small lens-like
bodies of coarser material occur in {iner graoined surroundings. The
grain size varies from 0.1 to 2 mm and at times reaches 10 mm in conglom-
eratic lenses.

Most of the quartzite beds are raother pure, containing up to 98%
guartz, The minor constituents arc magnetite; hematite, muscovite and

sericite; apatite, zircon and towrmsline occur as accessories. Magnetite

i

is, usually, xenomorphic, although occasicnally, well formed octahedra

0]

are found. When muscovite, or very rarely, sericite, are present in
bed, they impart a foliation to the bed, even though their abundance moy
be as low as 5%.

Direct evidence of large scale I'olding is scarce in the Lower Quartzii-.
However, its presence may be.inferred from indistinct drag folding near
the schist-quartzite contact 1.5 miles north of Loma de Silla and along the
quartzite-schist contact at the base of Main Ridge. Near these contacts

the quartzites are somewhat contorted. In addition, a small fold 20 feel



b

45x, x nlcols. Strongly elon-
gated grain of quartz, contain-
ing many inclusions of other
minerals {pornblende, muscovite,
avatite) in fine grained sur-
rounding of guariz, hornblande,

biotite.

45x, x nicols. Strained quartz

in a "rod” ia epidote.

h5x, x nicols. ZElongated and
strained, relatively coarse

gquartz.

45%, x nieols. Strained and
alongated gquariz surrounded

by finaer guartzs and epidote.
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i 1'3.
from limb to limb was found in the upper part of Mule Springs Canycn.

Effects of Metamorphism

The effects of metemorphism are somewhat varied, depending on the
original composition of the beds. 3Some layers are now dense and glassy
and fractures are suﬁconchoidal to conchoiéal; in these, individuval grains
cannot be recognized even with the avd of a hand lens. In other coarser
grained beds where individual grain: can be recognized fractures sfill
cut through the grains.

In conglomeratic beds the pebblcs have been elongated slightly.
Such elongation represents a linestion or foliation, depending on whether
the pebbles were stretched into rod uhape or fléttened into more or less

discoid shapes. Both types are found and where this elongation or flat-
tening is pronounced measurements of the or;entation were taken. It was
found that foliatlion and bedding heve the same orientation.

The‘most pronounced effect of metamorpblsm is the elongation of gquartc
grains which can only be seen microscopically. This effect is not present
in all beds. Some quartz prains have a length to width ratio of 2 or 3
to 1 (Figs. 6 to 9). These gfains =ze opbleally continuous an@ their long.
axes coincide with the foliation of *‘he rock as expressed by'aligned mica
flakes.. The elongatcd pgrains are considerably larger than the average
for any particular rock and they show less strain than small grains.
Strained quartz is quite common, not only in the quartzites but also in
other rock types.

Since the quartzites are fatnLl pure, their metamorphic facles is
difficult to establish, Minerals found 1n some of the impure beds in-
clude plagioclase (composition not determinable), ﬁicrociine, muscovite,

biotite, hornblende and epidote. The assemblage quartz-mlcroclﬂne—nlﬂ—>

.

% Lie
sm:-n'zRO . "
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L4

gioclase—biotite‘(muscovite-epidote) is typical for quartzo-feldspathic

¥

rocks in the staurolite-almandine subfacies of the almandine-amphibolite
P

4
5
5
§
i

facies (Turner and Verhoogen). The Lower Quartzite is therefore tenta-
& .

Aol A

£ tively assigned to this metamorphic facies.
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Hornblende Schist

Stratlgraphically above, and apparently in conformable contact with
the Lower Quartzite is & unit mapped as hornblende schist. UNear the bage
of the hornblende schist a 200 foot thickness of guartz-muscovite schilists
and quartz-muscovite-andalusite schists is prominent but too thin to
map separately. Lithologically similar, thin beds (0.5' - 15') of gquartz
muscovite schist are interbedded with the Lower Quartzite, and these arc
described here to avold rep@iitiqn‘

The upper part of the Hornbleande Schist is comprised of essentially

[

hornblende schists and hornblende-quartz gneisses with minor interbedded
quartzites and muscovite schists. A maximum thickness of about 2,200 fezt
is present in the widest part of the ouﬁcrop belt east of Loma de Silla.

The outcrop belt extends SSW-NUE almost across the entire map arza.
from east of the Lower Quartzite in the north to the north of Cerro Colo-
rado, where it 1s cut ﬁy.the Iadron Fault. Ancother exposure is from west
of Cerro Colorado to the Ladron Fault. One branch extends up Cerro Colo-
rado where it pinches out. #An isolated short, lens-like body, faulted
off on one side is close to the crest of Cerro Colorado. Roof pendants,
too small to be shown at the scale of the map in the Precambrian younger
granodiorite consist also to a large extent of hornblende schists. A
wedge-like body, comprised mainly of nuscovite schist occurs abcut 1 mile
north of Loma de Silla.

Outcrops are uswally not prominent; the thin soil cover derived fronm
weathering supports‘faif vegetation. A tentative correlation ié made of
the .Quartz-Muscovite Schist and the Hornﬁlende Schist with Stark's Blue

Springs Sghist from the South Manzano Mountains. The Quartz-Muscovite
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Lax, [ nicola, Quariz-hornblssde snelas

Ly

faliation Is vary well devalopad,

45x, § nieols. Chlorite porphyroblast, ex-

aibiting plaochroism, in quartz hornblends

schist. This rock is only moderataly fol-
iated.
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Schist corresponds to the lower portion of the Blue Springs Schist whil
the Hornblende Schist of the Sierra Ladrones ig correlated to the upper
part. Lithologic similarities existeven though mefamorphism in the South

Manzano Mountains was less intense than in the Sierra Ladrones.

Structure and Lithology

Bedding features in the quartz-muscovite schist are completely obiit—
erated by metamorphism. Measurable attitudes can be seen only at contaé%s
with other, lithologically different, beds.-

Foliation is‘well developed and macroscopically evident by the paral c!
arrangemeht of mica flakes and by corbhyroblasts of andalusite. The lattor
lie in the plane of follation, bub without preferrential orientation of
the prism axes. Foliation is aléo produééd by a composition banding:
quaertz-rich layers alternate with muscovite—;ich layers. The latter type
of foliation is detectable only in thin section. The general trend of the
foliation in the schists is much less uniform than in either the Lower .
Quartzite ar the overlying Hornblende Schists. This is a natural result‘
of the incompetence of these beds when undergoing deformation.

Dipé as steep as 62° were measured locally, the average being about
50° 4o the southeast. The strike geaerally agrees with the reglonal
trend., In most of the schists drag folds and‘crenulations on the plane’
of foliation are developed but only In small sizes (2 to 5 em. ). They
vary somewhat in intensity.

The‘quartz-muscovite schists and also thqse containing andalusite
vary from a light grey to a light olive green on both weathered and fresh
sﬁrfaces.

The average be@ding attitude in the Hornblende Schist generally par-
allels the regional_ﬁrend; Foliation as well as lineation is present.

The foliation it expressed through-a composition banding (Fig. 11) -
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which is very distinet. Lineation is visible only in thin section, and
is produced by a preferred orientation, often nearly perfect, of the
hornblende prisms, (Fig. 12).

The rocks are usually a dark green to blackish green which grades to
an olive green if appreciable amoungs of epidote are present.

The hornblende schists are an unusual rock type containing predominantly
hornblende and gquartz, locally with epidote; but only little plagiociase.
Iocally, the texture is gnéissic,lin other places schistose, and no shary
demarcations exist. Due to the simllarity of one bed with another, and
due to the lack of continuity of outcrops no one bgd could be picked as
a2 marker and traced along the strike Tor anyllength.

East of Mule Springs Canyon neor the red granodliorite contact a
thin bed of chlorite schist is contorted ingo a multitude of chevron folds,
about 5 to L0 mm high. Deformation is very‘intense in many places and
most intense around Cerro Colorado. Drag folds are very common and evi-
dence of more than one stage of deformation may be present. Locally,
ptygmatically folded veins of granitic composition occur (Fig. 10).

The intensity of deformation is not everywhere equal as illustrated
by figuresllt through 17.

In Figure 1L ovoid shapes of quartz with sericitized plagioclase
are embedded in a matrix of hornbleade prisms. The ovoids produce a cruds
lineation and foliation by the orientation of their long axes and by their
being arranged in layers. Figure 15 shows an almost identical rock.

Here the ovolds are decidedly more stretched out and are best described

as rods. The rock shows moderate foliation produced by composition
banding or compositibnai layering. 'The rods have a length to width ratio’ _

of about 4:1. The horﬁblende prisus are aligned generally parallel to
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the compoéitién.banding. Some elongation ofrquartz grains 1s present.

Figure 16 shows an extreme casc. Coﬁpositional layering 1s very
pronounced; bands of 50-60% or more hérnblende alternate with gquartz-
plagioclase rods which now are 'smenred out” and have a length to wildin
ratio of 10 or 20 to 1. The parallelisﬁ of the.hornblende prisms is very
well defined. Quartz graln elongation 1s prominent.

Figure 17 is token from a thin sectlon cut at right angles

C
Pt
o
-

foliation and lineation of the rock from which the thin section

16 was prepared. DMore or less routed or elliptical areas of quartz and
plagioclase represent the cross seciion of a rod. These are completely

~

surrounded by hornblende, about 975 of which are basal sections. In
this thin section the quartz-plaglocizse rods were examined to determine
whether the guartz shoved & preferyod optical orientation. It was found

that an unusually high preceutage o the guartz occurs as basal sectilons.

along the c-axis.

4]

Thus the elongation of the quartz i
The major constituents of the suarbz-mica schists are quartz, s ¢ -
vite and minor biotite. Magnetite =ad garnets occur as COmmOn aCCP”°OrL(S.
Iess common are apatite, zircon, rubile and tourmaline; frequently these
are enclosed by quertz. Quartz is commonly anhedral, the sﬁaller grains
show much strain, while the larger. obviously recrystallized oncs are
frequently elongated and less strainaed. The long axes of the elongate
grains lie in the plﬁn@ of foliabion as defined by alignment of mica flaho:

and by gompositlon banding.

Andalu51te, jdemtified through its typicai crystal form, birefringence,
and parallel extinction may be locally as abundant as 10%. Much of it has
been replaced by a very Tine grained aggregate of chlorite and sericlte.

The porphyroblasts range from 4 ma o a maximum of 25 mm. One thin sectlon




showed an alternating fine and somewhat coarser grained layering which
is cut by the fbliation at an angie of about 15°.

Differences exist between the hornblende schists of the northern
part and the southern part of the outcrop belt. In the north, epidote
is a common constituent and locally biotite bearing hornblende schists
are FTound. Chlorite is also a common constituent, but 1t 1s evident

i

that the chlorite is a product of roirograde metamorphism because 1t re-
places hornblende with the liboratin: of lron oxide, mainly megnetite. In
the south, epidote is much les:s conuwicuous.. Grain silzes of gquartz and
plagioclase in the north are as smzil 2 20 pand seldom exceed 20 ji;

the hornblende prisms are zbout 2 %o 3 mm. in length. In the south
quartz and plagioclase are 100 to hoo poin éize and the horrblende vrisms
up to 5 mm, in length. Chlorite is rare In the southern outcrops.

Foliation in the north is less well developed than in the south. It
is produced by a crude composiﬁiou&l layering. Quartz rarely shows elonju-
tion. Chlorite orientation is randeri. Toliation is also due to alternat-
ing fine and coarser layers of quartz. In these layers the coarser grains!
quartz shows less strain than the finer grained. The coarser quartz
grains enclose heavy mineral grains while in layers of finer gfained quarts
the heavy minerals are interstitial Lo the guartz grains.

Other constituents in the.horgblende‘schists are magnetite, locally
some muscovite and minor accessory minerals. Unusually high concentra-
tions of detrital accessory minerals occur in some of the beds east of Maln
Ridge. Apatite, zircon, tournaline znd rutile at times reach 1/2 to 1%
of the total volume of the rock. The grains are well rounded. Sphene

was found locally, having been formed at the expense of ilmenite and/or

rutile.
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A specimen of hornblende schist taken from a 60 foot thick bed crop-
ping out in Caflon Hondo contains 50% fine'grained quartz ranging from 10
to 100 p in size. Forty per-cent of ﬁhe rock 1is hornblende in prisms up
to 1 mm. in length; chlorite occurs as o replacement of hornblende, and
shows very slight parallelism to the foliation. Magnetite and epldote
in about equal amounts comprise the remaining 10% of the rock and are
disseminated throughout. TFoliatios in +he massive appearing hand speci-

men is defined by composition bandicg and alignment of hornblende prisms.

O]
[aF
-
D]

schist and the chlorite 1is

The rock 1s designated quartz-horni
to retrograde metamorphism.

A specimen-of hornblende schigt from northeast of Cerro Colorado,
near the base containz the followiny constituents: Quartz, 50%; horn-
blende, 25 to 30%; biotite lS%;VEPi&ote 4 to 5%; magnetite 3%; very little
rlagioclase. Grain size from 10 1 oto 1/2 mm. meximum, Biotite is green
and pleochroic. Plagioclase is nea- AbBa in composition. Quartz is un-
‘strained and slightly elongated. Woll developed foliation results from
composition banding, alignment of biotite shreds and hormblende prisms as

well as a slight quartz elongation. The rock is designated quartz-horn-

blende-biotite schist.

~Effects of Metamorphism

The quartz-muscovite schists have undergone far-reaching reconsthitu-
tion and reerystallization of the original component minerals. Bedding
is completely obscured by the foliztion and the recerystallization. The
presence of andalusite cannot be explained as the result of contact meta-
morphism, as no intrusive is known to exist to which it cowld be attribu-

ted. The data on stability fields of +he A128i05 polymorphs is conflicting
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and apparently all three polymorphs <an occur in rocks produced by region-

al metamorphism.
On the basis of typomorphic mincrals these schists are assigned to
the kyanite-almandine-muscovite suoracies of the almandine-smphibolite

facies. Turner and Verhoogen give 550° as minimum temperature and 2 non-

sible maximum of 750°C; pressures range lTom 4000 to 8000 bars

Deformation in the Eornblende cehist 1s variable, but appears shronee

than in the Lower Quartzite. Drag ‘oulds, segregation banding, eloasatlon

of quartz-plagioclase Ioao, local ¢oivsic textures and vhbyematically

[

folded veins testify to the intensi s of the deformation and difTeroasinl

movements.

Recrystallization has resulted in a revision of uhe minex
out much addition of material. The hornblende schists sho idioblastic
growth of quartz during metenorphism.

Classification of these schists &g dont on the basis of typomorohic
minerals of the amphibolite facies (Vurner and Verhoogen ). The presence
of chlorite, which replaces hornblerde, is due to retrograde metamorpnlsm.

The assemblage most closely Ffitting Lo hornblende-plagiocalse-almendine-

rioclase missing, or being very Llow,

epidote (quartz-biotite) with only wvlogl ,
in these hornblende schists under discussion. This assemblage belongs Lo
the almandine-amphibolite facles, stavrolite- almandlne subfacies. Temper-

iem for this subfacies lie in the

atures and pressures duvring nebanorsiy
1ower region of 550° to 750°C and 4,000 to 8,000 bars.

The presence of composition‘bagdlgﬂ would allow the rock to be clas-
sified as a gneiss. According to Turner and Vefhoogen, composition band—
ing indicates higher-grade metamorphism than would be indicated by the

above mineral assemblage. The gneisslc phases of the hornblende schists
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might, therefore be the result of temperatures in the high portion of t

range indicated above, i.e. about 650° to 750°C.

X
£y
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Upper Quartzite
The Upper Quartcite crops out cn the southern Loma de 5illa, on Cerro
Colorado’and at the southeastern ccntact of the red granodiorite.
The Upper Quartzite is distingulished from the Lower Quartzite by fin-
er grain size, less purity and morsz interbedded muscovite and hornblende
schists.

The contact with the underlyins Hormblende Séhist is not exposed,
except south of Loma de 5illa where 1t appears conformable. Outerops are
less prominent than those of the deer Quartzite. In some of the rool
pendants, prinecipally east of the ma§ area, blulsh quartz grains with on
opaline appearance occur.

The Upper Quartzlte is correlatzd wifh Stark's White Ridge quartzits
of the South Manzano Mountains. Corvelation s made on the basis of the

sequence of lithologlcally and mineralogically similar units. The exact

o

thicknesé of the White Ridge quartzite is uncertain. The eastern flank
of the main syncline in the Los Pinos Mountains contains a thickness of
3700 feet, believed to be dus to revetition through faulting. Thg western
flank of the syancline contains 200 to 500 feet, and Stark believes that-
erosion has taken place prior to the deposition of the next higher wnit,
the Sevilleta melarhyolite.

No attempt is made here to give a thickness of the Upper Quarizite.

Structure and Lithology
On southern Loma de Silla and on Cerro Colorado the average strike
of foliation and bedding in the Upper Quoritzite where recognizable, is

o

northerly, with dips from LO° to 85°, the average 5eing about 60° to the
east. The area between the Cerro Colorado Fault and the older granodio-

rite is characterized by strikes of N4GE with dips ranglng 35° SE to



g A

Flg. 200 Outerop of intensely folded juartz-hornblende

gnelss, H2 of Cerro Colorzdo. The anticlines in the

about 30 fash,






vertical.

Foliation is fairly well-déveloped due to the micaceous nature of
the beds. Foliation and bedding coincide, where the latter is recogniza-
‘ble, mainly at contacts of different beds. The grain size 1s much finer
than in the Lower Quarbtzite and there are compositional differences as
well. Some of the units in the Upper Quarﬁziterare arkosic, and some
of the beds have well-developed gneissic texture.

The major constituent 1s quarts; however, microcline, plagloclase,
muscovite, biotite and epldote occur in significant amounts in some of the
beds. A specimen from the crest of Cer ¢ Colorado had the following chor-
acteristics (thin section): Quarts (75%), mainly in grains from 50 p to
0.5 mm., .occurs with about egual amounts of microcline and plagioclase
(total 24%). Biotite shreds (1%) sve disseminated throughout and outline
a Teeble foliation. The foliation is tfonﬂly expressed by an alterna-
tion of Tiner and coarser grained layers. Elongation of quartz parallel
‘+o this foliation is marked. TFractiuring parallel to the foliation 1s
evident, the ffactures being filled with secondary limonite.

Another Specimen from the same general area as the one described
gbove exhibited the Tollowing:

Strongly strained quartz (predominant) is intergrown with minor feld-
spar and epldote in a very fine graiased texture, exhibiting a marked fol-
iation. Quartz varies from aboﬁt 50 B to 0.5 mm. and the intergrowth be-
tween grains is serrate. Some of tie larger gralns show a definite elong-

.

ation. A layering of the constituents in bands of finer and coarser
grain sizes produces a distinet follation. Small quartz greains have a
cloudy appearance, walle the coarser ones are clear. This suggests re-

crystallization, because overgrowthc are. not detectable.



Effects of Metamorphism

At the northern end of Cerro Colorado several thin quartzite beds

crop out which are-believed to be pars of the Upper Quartzite. These heds

may be near the contact between the Upper Quartzite and the underlying
Horublende Schist. These beds exhibit the strongest deformation seen in
the area (see'FTontispiece). Severel antiforms are seen in one outcrop;
the width from Limb to limb is somewhat variable, but averages about 1-1/2
feet. Intense deformational stresses have produced parallél shears which
separate the antiforms from one arcther. o synforms are present.
Recrystallization is common in +7hin sections of thesze beds; quartz
in general is mos strongly affected, but other constituents are also in-
volved., The larger grains of microcline and plagioclase are of metamor-

phic origin, as is also epidote.

The assemblage quartz-microcline-plagioclase-biotite (muscovitemep—

i idote) which is found in the Upper Quartzite is the typieal one in guartzo-

feldspathic rocks of the stavrolite-alum dine subfacles, almandine-amphi-
bolite facies of Turner and Verhoogén. The temperature at which metamor-
phism of these roéks occurred may have been approximately 600° and up to
a possible maximm of TQO°C. ‘

Northwest of Cerro Cdlorado & group of rocks has been mapnsd as Upper

Quartzite, however, these rocks have a fine grained gneissic texture and

they grade northward almost impercestably into non-foliated, medium %o

coarse grained, red granodiorite. The Upper Quartzite mapped on Cerro

Colorado grades southward into granodiorite Augen Cneiss.
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Massive Amphiholites

There are two arcas of amphibolite outcrops. The northwesternmost
is approximately 40O feet thick and is known to extend over one mile along
the strike.

The other is massive, and is found abbut 1/2 nmile southwest of Loma
de 3illa. The area in which.ﬁhe latier crops out is roughly 500 by 1500
feet. This rock is velieved to be partly covered by the overlying IMiss-
issippian beds to the ﬁest. It is unique in that it contains gorpets
which are visible macrospically, the only significant occurrence in tva
area.

Small bodies of amphivolite are found as roof pendants in the younger
is g J &

grancdiorite; these bodies were too small to be shown on the map.

Structure and Lithology

Amphibolites on fhe_wnole appecr massive and lacking follation, even
microscopically. The dominant color of these rocks is dark green to al-
most black and they contain occasiocusl, irregularly distributed lignt
grey to white spots. Constituents ere hornblende, in faﬁdom orientation,
and plagioclase. Epidote, zarnet and magnetite are present as minor con-
stituents.

Cn of the roof oendants in the vounger granodiorite contains an
amphibolite bed, about one foot thicl:, which is folded into a tight, almost
isoclinal fold, the axis of which is near horizontal.

A specimen from the outerop southwest of Loma de Silla is massive

and coarse grained with individual grains up to 5 mm. in diameter. The
rlagioclase (30%) is oligoclase and intensely sericitlzed. Green horn-

blende, in well developed idiomorphic grains amouants to 60% of the rock.
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Some garnets are present, and these are anomalously anisotropic, Minor
epidote (var. pistacite) occurs. Mﬁgnetiﬁe, often in clusters is dis-
seminated throughout the rock and shows some skeletal growth (Fig.‘E).
An interesting feature is that Plagioclase contains fractures, which
folléw cerystallographic dix ections, along which hornblende crystals have
grown, penetrating into the sericitized Teldspar (Fig. 3). Alteration of
the hornblende to chlorite is very minor.

TImenite occurs in var ing amounts in the amphibolites. A common
alteration of the ilmenite is to srhene. Ilmenite grains are surrounded

by a rim of sphene, which may vary in thickness; sometimes only sphene is

present, all of the ilmenite hav o ceen replaced.

Effects of Metamorphism

Formation of sphene from ilmenite in <he amphibolite has occurred
during metamorphism. TForsier (1948) and Dal Vesco (1953) report the oc-
currence of sphene reaction rims about 1lqenlue and rutile from the LOCUT;
no region of Switzeriand. In many cases the reaction there has gone so
far as to leave only a relic of rutile or ilmenite enclosed by sphene.
This formation of sphene is reported from many types of metamorphic rocks
containing rutile and/or llmenite, especially Ca-rich eclogite-amphibol—
ites, plagloclase- amJnlbOIWu s, garnct-amphibolites and biotite-~amphib-
olites (European terminology).

The alteration texture is most.readiiy'explained Ey the chemical
reaction:

FeTiOB + Ca0  + 510, == CaTisi0 4+ Fe0
Timenite Sphene

According to Turner and Verhoowen the assemblage: Hornblende- -plag-

loclase-almandine- ep d0ue is typlcal of the staurolite~almandlne sub?wcieQ
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of tﬁe almandine-amphibolite facies. This assemblage is also typical for
having been derived from basic iggeous rocks. According to them, “co-
existence of a medium plagioclase (Angr to AH#S) with epidote is common
in these rocks and indicates high load pressure...”. In the specimen ex-
amined plagioclase was found o be oligoclese. Due to intense serici-
tization a precise determination of the percent anorthite in the Teldspur
could not be made.

Turner and Verhoogen conclude that for the alméndine~amphibolitc
facies, temperatures range between 550°C and TSO°, and pressures ranze He-
tween 4,000 bars and 8,000 bars. "me étaurolite—almandine sublfacies cor-
responds to the lowest grade of mevomorphism in the almandine-amphibolite
facies; therefore, the lower figurec givén above are the more likely ones.
It is also pointed out that the presence of hornblende and muscovite in-

dicate that high water Pressures jpravalled.

Granodiorite Augen Gaieiss

A coarse grained, red augen gnelss is exposed over much of the south-
ern half of Cgrro Colorado, in what would normally be the stratigraphic
position of the Upper Quartzite. 4 gradational lateral contact between
these two rock types is present.

Some contacts between the Auges CGneiss and quartzite beds are inife
edge-like, with no evidence of favliing causing such abrupt relationshivs

The relative resistance to wveathering of the Augen Gneiss and +“he T

D

lated Upper Quartzite males Cerro Colorado a rrominent topographic fea-

ture..

Strueture and Lithology
The foliation in the Granodior:ite Auzen Gneiss is less{well developedﬁ'

than that in the Upper Quartzite. The few measurable outcrops accord



with the regloral trend. In this southern part of the map area the s
of the foliation is generally within a few degrees of due north. . Ienses
of interbedded or infolded hornble:dﬁ'schists represent a later, I-W
stage of deformation.

Bedding as defined by litholouic vafiation in the gneiss cannot be
recognized. However, the foliation in the gneiss is parallel to conbtacts
with quartzite beds. Several faulls are exposed, but their displacements
are indeterminate and they could nct be traced.

The augen gnelss consists of cooroximately 20% quartz, 20% biotite

: '

erotlon product of biotite, and 60%

and chlorite, the latier being an =
combined microcline and plagiocclase. Both feldspars occur ig somevhat
varying amounts but are usually ecunlly abundant. The color of the augen
‘is pink to light red and this gives the vhole rock a reddish tone. Quariz
is generally milky white to colorless; the biotite and chlorite are dark
brown to greenish browm, depending oa The amount of chlorite.

The augen consist of aggregates of microcline and oligoclase, in-

dividuals reaching 5 cm. in length and 2 to 3 cm. in width; the average

size is about 4 by 2 cm. Many of the augen contain broken feldspar grains.

] 3

% Small Ifragments of ;ulc par are comaonly concentrated near the ends of
the augen (in "eddies"), in a typlesl mylonltic texture. Quar
and augen are glongated and parallel and define a foliation., Blotite and
chlorite are fine grained and they civelop guartz and feldspar in a flu-
idal texture (Similar to Fig. 22).

N

Lenses of pegmatitic material are found within the avgen gneiss; thae

are parallel to the folidtion of the gneiss and reach a maximum lencth of
about 300 feet. Their width is variable from a few 1nches to nearly 2

feet, No foliation is found in the pegmatites. They are coarse grained




and consist of pink feldspar and milky to colorless quartz. The composi-
tion is essentlally that of thé gneiss exéept the mafic constituents are
completely lacking. The augen gnelss in contact with the Degmatites does

not show any higher cont ent in mafics,

Effects of Metamorphism

The composition of the augen gneiss and 1ts stratigraphic position
indicate that it is the equivalent of the Upper Quartzite, or at least
part of it. Some beds of the Upper Qaartzlte are arkosic in comno:rtfon,
and through metamorphism and mylonitization were converted to the Auger
Gneiss. The more siliceous beds, foirly clean sandstones, reacted to the
same conditions with the develonmeuu of miea and recrystallization of guart:.
Pure quartzite beds and augen gneiss layers are'interbedded occasionally,
and the knife edgé contacts show no évidence.of*faulting or intrusion, ) i

Gneiss is considered the product of deep seated, intense regional
ﬁetamorphlsm, Without metasomatlc activity being necessary. The granulite
facies, to which gneisses belong, has been subdivided into a Dyroxend-
granulite subfacies and a hornblende-granulite subfacies (Turnér and Ver-
hoogen). Pelitic and guartzo-feldspathic assemblages in the hornblende-
granulite subfacies are quite similar to those in the almandine-amphiboli te
facies. Temperatures of formation are given as between 700°C and 800°C
the lower figure being more likely for tae hornblende- granullte Tacies ’ |
Turner and Verhoogen believe that even with high partial pressures of 0
pPyroxene will be formed, rather than amphibole, if the temperature is
sufficiently high,

Since the Augen Gneiss is not strictly & granulite, the possible temp-

erature reached during me tamorphi s, may have been around 700°C or slightly
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below. The close spatial assoéiation of the hornblende schists with their

gneissic texture and the augen gneiss suggest fairly high temperatures fo-

their formation. A possible maximun of T00° to T50°C may have been reachod.

Red Granodiorite

A red granodiorite crops out in a M-S trending belt about 3 miles
long in the eastern part of the map area. The width of exposure varies
from about LOO feet in the northernmost part to about 4,000 feet in the
central and southern parts.

The western contact is with the Hornblende Schist, and the contact ig
parallel to the foliation of this schist. 1In the east the contact is ol
an intrusive nature formed by the younger granodiorite. The southwestern
boundary is formed by the TLadron Fault, which brings granodiorite in con-
tact with Hornblende Schist. In the southeast’ the contact is much ob-
scured but it seems to parallel the foliation in the Upper Quartzite.

Another outcrop area of granodiorite is on the nérthern portion of
Loma de Sills and is gradational with metasediments mapped as Upper Quart-
zlte. Interbeds of hornblende schist extend well into the non-foliated
granodiorite.

The red granodiorite‘weathers readily, producing arkosic, coarse sand
which blankets most of the area except for the steeper slopes. Vegetation |
is more abundant thah over guartzites bpt not as abundant as over horn- i
blende rich rocks., The general color of the rubble is similar to that of
the fresh rock. Some Limonite staining is present. The color of the rub- -

ble has been used to map approximate contacts where oﬁtcrops were lacking.

Structure.and Lithology

The granodiorite hasfa predominant reddish color which is produced
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by the red color of hierocliné feldspar. Quartz is white to colorless,
as is plagioclase. The mafic constituents are low in abundance; biotite
is most common, but hornblende has been noted; muséovite occurs spariﬁg]y.
Chiorite is a common but ﬁot abundant product of alteration of the mafic
constituents. The grain sizme is fairly uwniform, about 3 to 8 mm., and no
evidnece of porphyritic texture has been observed. Foliation 1s nonexist-
ent except for a few local occurrences.

Inclusions have been noted in the belt of gfanodiorite ezst of the

Hornblende Schist; these consist principally of hornblende schist or sim-

ilar basic rock types, and they do not show evidence of alteration. In-

clusions are alsc found in the Loma de Silla area.

Effects of Metamorphism
The contact between the Upper Quartzitefénd the Red Granodiorite on

Loma de Silla is almost imperceptably gradatlonal.

3
i

Some of the fine grained, relatively pure gquartzite beds extend north
into the granodiorite outcrop area. Grain size In these units remains
fairly constant as the contact zone is épproached. Other, micaceous and

arkosic units show an increase in feldspar and biotite, and coarsening of

grain size as the contact is approached and these cannot be traced once
they are within the granodiorite ouicrop area. Interbeds of hornblende
schist in the southern part éf Loma de Silla can be traced northward and
they persist undisturbed within the granodiorité. A few of the beds are
locally mylonitized and they grade northward into coarser gralned rocks.-
This rock éannot be classified intec a metamorphic facles; but since

all of the rocks enclosing it are of the staurolite-almandine subfacies,

almandine-amphibolite facies the red granodiorite 1s assigned To the sanme

facies.
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Younger Granodiorite

The eastern margin of the map area éouth to the Cerro Colorado Fault
is occupied by an intrusive; granodioritic in composifion. This intrus-
ive extends northward for several miles and also eastward for a short

distance and the outcrop pattern is elongated north-south.

Structure and Lithology

The younger Granodiorite is medium to coarse grained and has a seriats

¥

(4-8mm. ) texture. The contact on the west is an intrusive one with the
red granodiorite and metasediments. Roof pendants are small but numerous,
and where foliated rocks of Precambrian age are included a partial assimi-
lation produces foliation in the intrusvie. Generélly, however, the con~
tacts are quite sharp and little evidence exists for gssimilation. Io
effects of contact metamorphism have been observed in the Precembrinz meba-
sediments. Xenolith; are present in some areas,not in others.

The granodiorite is light grey to buff to almost white; mafic consti-
tuents are minor. Principal constituents are microcline, oligoclase and
quartz, with muscovite being more abundant than biotite. Zircon, tourma-
line and apatite occur as accessories,

Locally dike-like bodies or irregular patches of slightly lighter
color than the main mass of the intrusive may be either aplitic or slight-
ly pegmatitic. The margins of these bodies are usually not well defined,
norcan they be traced for any large distance.

The grancodiorite weathers to typical well rounded forms, and local-
Ly, spheroidal weathering is brominent. The weathered rock is quite fri-
able and solid samples for thin sectioning are difficult to obtain.

Jointing in the granodiorite is common but definite sets of joinfs

were not mapped.



"PALEOZOIC ROCKS

Mississippian

The oldest of the Paleozoic sediments are rocks belonging to the
Caloso formation and Kelly formation. These occur west of Cerro Colorado
(Armstrong, 1958), where the Caloso Tormation rests with disconformabie
contact on Precambrian amphibolite. T+ consists of a basal bed, about 2
to 4 feet thick, of arkose and quartz sandstone, overlain by reddish shales,
grey and brown sandstones and a dense, finely crystalline Limestone. The
total thickness is about 30 feet.

Overlying, with apparently siight vnconformity, is the Kelly forma-
tion, consisting of crinoidal and locally medium crystalline limestones
with chert stringers. This formation has a maximum thickness of about 50
feet; this small thickness is partly due to grosion Prior to devosition

~of the Pennsylvanian heds.

Pennsylvanian

The prominent hogback in the western part of the map area is made up
prinqipally of rocks belonging to the Magdalena‘group.

The lower éartJ the Sandia formation, rests unconformably over the
Kelly formation and consists of sandstones, shales and‘limestones. The
upper part, or Madera limestone, consists of bluish—grey, thick bed&ed
and massive limestone. Box Canyon, formed by the Rio Salado cutting
through this sequence, affords a good exposure, A total thickness of about
2,800 feet is Present there (Armstrong, personal’cdmmunication).

East of Cerro Colorado, on the west side of Cerro Colorado Fault ars

some scattered outerops which may be correlative with the Sandia formation.
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PErmian.

No rocks of Permian age are exposed in the Sierra lLadrones. It is
believed, however, that they may bé present in the downthrown block east
of Cerro Colorado Fzult. .

Richter (1950) describes approximately 1500-2000 feet of Abo, Yeso
and San Andres formations from the western part of the Riley Quadrsngle.

This area is immediately west of the map area.



MESOZOIC ROCKS

No Mesozoic depdsits are exposed in the Sierra Ladrones. Tonking
describes these from the Puertecito Quadrangle, where approximately 3,400
feet are presen@. These belong to the Triassic Chinle formation and the
Cretaceous Mesaverde group (Dakota ss., Mancos sh., La Cruz Peak im.,
Crevasse Cényon fm. ).

The author believes that these rocks may also be presernt in the dowr-

thrown block of Cerro Colorado Fault.
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CENOZOIC ROCKS

Tertiary? Basic Dikes
Many small basic dikes cut the younger granodiorite, and other Pre-
cambrian rocks. Their length along the strike is usually too short to be

shown on the map.

Structure and Lithology

The dikes post-date the intrustion of the younger granodiorite. Thcirs

borders are chilled, but interpretation is difficult because of Tthe inten.:
alteration of the dikes themselves. |

Thé predominant strike of the dikes is northerly to northeasterly
with dips steeply cast to nearly vertical.

The dikes were probably basaltic in cgmposition; they consist now of
plagioclase énd calcite with minor dissemiﬁated magnetite. All of the
former mafic constituents are altered although a diabasic texture is re-

cognilzible. .

Tertiary Popotosa Formation

Tn the southeastern part of the map area the Popotosa Tormation
(Denny, 1940) is exposed. It is in fault contact with Precembrian and
Pennsylvanian rocks along the Cerro Colorado Fault. To the east it is

partly covered by overlylng pediment gravels.

Structure and Lithology

The Popotosa formation is a volcanic conglomerate, predominantly of
dark red to purple color. Boulders up to 2 feet in dlameter are enclosed
in a dominantly sandy matrix. Practically'all of the material is of»voiel

canic origin. Beddihg is ill defined; sparse sandy or silty interbeds,
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in the form of lenses, determine the attitudes. The strike is northerly
and dips vary strongly, from about 35° to 68° to the west.

The outcrops in the mapped area éover aﬁout 2 square miles and an ap-
proximate thickness of 3,000 feet is indicated, unless duplication by
faulting has occurred. To the east of the map area outcrops of the Popo-
tosa formation continue for a few miles, but The exposures are partily con-

cealed by overlying pediment gravels.



Quaternary
Pediment gravels are found aleng the slopes of Cerro Colorado, over-
Lying the southern erd of the Tertioary granodiorite and covering part of

‘the Popotosa formation. Material in the gravels iz of mixed origin, I

i~

nents dominate. Following

(i)

the gravels of Cerroc Colorsdo Precs

up toward the slope:s of (owrro Colornio the percentage of Precambrian

it breones impossible +o differenticie be-

rock fragments increzses un

tween the pediment gravel ond rubblo,

In the area of +the Povotosa foialiiog two definite pediments ore

sent (Fig. 19). The suvrface arounc. orro Colorado lies topographicaily

higher and ma 08sitly revresent -~ aiother surface. The other possi-
o : 3 )

I

bility 1s that since +ha Tormation o Shese pediments movement alons the
1 o

Cerro Colorado Fault hes produced tho difference in elevation.

Alluvium is prosent in precticiily oll of +the canyons and we

£
o
+
3
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The thickness is varizble but does -t exceed about 15 feet.

R,
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STRUCTURE

Faults

Two méjor faults oécur in the mapped area, Cerro Colorado Fault and
Ladron Fault. Both are high angle normal faults with relatively large
displacements. Cerro Colorado Fault is believed to be still active. Some
faults of small displacement are also vresent.

A strong lineation was noticed on the zerial photographs through tha
younger granodiorite. Checking in the field revealed that a fault zone
is a possible interpretatioﬁ, but that thé same pattern could be produced
by tightly spaced joints. Some Ffey slickensides were found on the Tracture
planes but because the feature was Ebserved only in the younger granodi-

orite, no displacement’ was detectable,

Cerro Colorado Fault

Cerro Colorado Fault is marked 0yt abrupt change in strike where
Ladron Fault joins it. North of the Juaction it trends NE, and to the
south 1t strikes southerly.

The block lying to thé east of.cerro Colorado Fault has moved down
in relation to the block to the west. The throw is believed to be more
than 15,000 feet,

Cerro Colorado Fault is one of she maiﬁ'faults of the western border
of the Rio Grande Graben. ETecambfiua and Pennsylvanian rocks are in
fault contact with the Tertiary Popoiosa formation. Other faults may |
exist further east of Cerro Colorado Pwlt but they are not readily iden-

tifiable in the Popotosa: formation.
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The continuation of Cerro Colorado Fault is obscured south of the
Rio Salado and to the east of the map area.

Assuming that Paleozoic, Mesozoic and Cenozoic rocks described from

‘surrounding areas (Denny, 1940; Richter, 1950; Tonking, 1957;) continued

across the Sierra Ladrones prior to the uplift of‘the Sierra Ladrones
horst, throw along Cerro Colorado Ieult 1s on the order of 12,000 feet.

Tf the difference in elevation betwoen the outcrop of the fault and Ladron
Peak is added (about 4,500 fect) thﬁ‘structural relief is at least 16,500
feet.

Dr. A. Sanford (personsl communication) has run several gravity pro-
files acrogs the Rio Grande depression to determine the depth to the Praw
cambrian basement. His observations are that the western part of the
depression is sharply faulted and the eastern ‘part step-faulted.

Differences in elevation on pediment surfaces on either side of the
fault suggest that movement has talzn place since these pediments were
formed. This is best illustrated in the central area. North of Cerro
Colorado Fault some pediment remnants are between 6,000 and about 5,900
feet, south of the fault elevations are 5,700 - 5,600 feet. Thus an ap-
proximate 200 feel difference in elevation has occured along Cerro Colo-
rado Fault since formation of the pediments.

An epicenter for an earthguake in sumer 1960 was tentatively iocated
(sanford and Holmes, 1961l) in the vicinity of Cerro Colorado Fault, and
suggestslthat ﬁhis fault is still active. These epicenters may be in
error because of horizontal refraction of the selsmic waves. The writer

checked at that time in the field for possible evidence of displacement
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visible in the zone of the Cerro Colorado Fault but could not fing any.

This, however, does not rule out that a displacement bad actually occured

on Cerro Colorado Fault.

Ladron Fault

Ladron Fault extends from its Junction with Cerro Colorado Fault in
a northwesterly direction. In most of the mapped area, Precambrian rocks
are on either side of the fault. To the northwest Pennsylvanian sediments
are brought in fault contact with Precambrian. Both dip slip and strike
slip components are recognized with the eastern block moving up and south
with respect to the weétern blbck.

Evidence for the vertical displucement is found 1/2 mile north of
Loma de Silla where drag in Pennsylvanian beds indicates the felative dia-

placement. The apparent throw is at least 1,300 feet, calculated from the

differences in elevation of the base of the Carboniferous and Ladron Peal.

The apparent strike sliv is about 9,000 feet, as determined from the
Precambrian red grancdiorite off'se*, =lthough the easterly dippiﬁg contact
between the Red Granodiorite and Horiblende Schist can produce the same
offset with only vertical movement along Ladron Fault,

A few faults crop out which can be followed for short distences along

the strike, and whose displacements could elther not be determined or are

small. Some of these are shown on “ihe map, other, too small to be plotted,

are omitted.
In the outcrop shown on the Frontispiece shearing parallel to axial
pPlanes is comspicuous. Such faulting and the breserving of antiforms is

related to strong deformation during regional metemorphism.



Folding

lerge scale folds have not been seen in the map ares, only effects
of them. Drag folding is common in hornblende schists and was measured
where it was strongly developed. Contorted layeriﬁg in the quartzites is
present near contacts with other units but orientations of the aimost-drag
folds could not be determined accurztely. Chevron type folds of small
scale are found in a greenschlst lens east of MuleVSprings Caﬁyon neor
the Hornblende Schist - Red Granodiorite contact. BStrong folding iz found
just north of Cerro Colorado, where thg photographs were taken shown in
figure 20 and the frontispiece.

The exposed lithologic units on Main Ridge suggest a continuous se-
gquence striking about N30E and dippisyy SE, however the 5400 feet of deer
Quartzite is suggestive of repetition of beds by‘folding and/or faulting.

The wedge of muscovite schist which lies Wifhin the Lower Quartzite
north of Lome de Silla pinches out rapldly northeasterly and may be either
a tight, plunging anticline or ié faulted off at a small angle with the
bedding along its eastern contact.

The long septum of hornblende gneiss inmediately east of the crest

of Cerro Colorado is possibly a tightly folded unit.
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MINERALIZATION

No mineralization related to the Precambrian red granodiorite has
been found.
Scattered thin veinlets carrying mainly galena are found in the Pre-

cambrian red granodiorite on Loma do Silla. These are not of economic

value. Lead isotope dating (Austin, personal communication) has deter-
mined these to be of possible Laramide age.

The Juan Torres Mine, in Precerbrian red granodiorite supposedly was
worked at the beginning of this cenivny. Galena, fluorite and amethystine
quartz were the principal minerals ipresent. AT the time of mapping this

mine was inaccessible.

o AL g b e R 1 P e

: : In the same genecral region several small prospect pits were found.
These had been dug where some faint copper stains (malachite) were evi-

dent along fractures in the rocks.
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DISCUSS5ION

Strained gquartz occurs commonly in rocks which have undergone de-
formation, be it through faulting, folding or dynamomelamorphism,

In +the Sierra Ladrones all rock types containing quartz exhibit this
feature. ‘Examination of thin sections revealed that in any one rock the
finer grained quartz (0.02 to 0.05 1. approx.) is more strained than the
coarser gréined qﬁartz (0.5 to 1.5 nmm. approx.).

A study was made then, measuring how many degrees the microscope
stage had to be turned in order thalt an "extinction front" would traverse

a unit distance. This was done on several thin sections containing both

“fine and coarser grained quartz. Measurements were always taken at right

angles to the "extincition front'.

Approximately 30 to 50 grains of both grain sizes of quarts were
measured in each thin section.

The following result was obtailpad:

In the coarser grained quartz the stage had o be turned 1° in order

that the "extinction front” traverscd the unit distance, while in the fin-
er grained quartz the stage had to be turned 10° to traverse the same dis-
tance.,

This indicates that the finer prained quartz is under considerably
more strain than the coarser grained qguartz, which has recrystallized.

Recrystallization of the coarservgrained guartz is further subsian-
tiated by detrital accessory mineral grains being enclosed by it. In the
finer grained quartz, on the other hond, the detrital acceésory’mineral

grains occur interstitially to Quartz.
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Since recrystallization tends +to eliLinate strain the strain in the
coarser grained quartz are probably due to later occurring deformationzl
stresses.

Overgrowths of quartz are not present which suggests that the grain
size of quartz was originally small.

The Lower Quartzite consists of beds or layers of predominantly quarits
with minor magnetite and/or hematite, muscovite, sericite, apatite, zircon
sphene and tourmaline. Thin quartz-muscovite schists are interbedded or
rossibly infolded. On the basis of tynomorphic minerals found in some of
the less pure beds or layers the Lower Quartzite is assigned ©o the stour-
olite-almandine subflfacies of the'almuudiﬁe—amphibolite facies.

Grain size is fairly uwniform, but vecrystallization has ccourred and

quartz-grain elongation is locally orominent. A faint cross-bedding-like

feature was cobserved in several outcrops. ether it is cross-bedding

&5 ooT
due to fracture cleavage i unceriain.

The high quartz content (up to 98Y) and the apparent well sorted
character svggest that the Lower Quortzite was derived from @uartz sands
which were probably deposited on 2 siable shelf area.

The lower 200 ifcet of what is mopped as Hornblende Schist consists
of guartz-muscovite schist end quarin-muscovite-andalusite schist. Thesc
beds contain quartz, nuscovite, some bilotite and locally andalusite.
Accessories include mognetite, apatite, zircon, rutile and tourmalire. A
few garnets are prescat but it cannot be ascertained whether these are of
detrital or metamorphic origin.

The mineral assemblage 1s typical for that of .pelitic sediments having

undergone regional metamorphism; they are classed as belonglng to the
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almandine-amphibolite facies.

A striking feature in the Lower Quartzite is the pinching out of a

$
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quartz-muscovite schist; within about 2500 Teet this bed thins from almos
1,000 feet to nothing. This may be due to a fault which nearly parallels
the bedding, or to a tight and plungiuglfold.

The Hornblende Schist proper is & series of predominantly hornblende
schists and quartz-horablende gneisuoes with minor interbedded nmuscovite
schists and quartzites. Dominant minerals are quartz, hornblende and
locally epidote Wiﬁﬂ zireon, apatitc, touwrmaline and ilmenite. Sphene has.
been derived from ilmenite during rctemorphism. Chlorite is a product of
retrograde metamorphism.

The outcrop pattern suggests a layere& body. It could originally
have been an intrusive sheet, but the presence of detrital, accessory min-
erals rules out the ignecus origin and confirms sedimentary origin., Uo
individual bed or layer was so significantly different from the enclosing
rocks that it could have been useful as a marker bed. Part of the total
thickness exposed may be the result of repetition of beds due to their
incompetence. |

The quartz-hornblende schists zre unusual rocks and a search of the
literature has not revealed rocks of similar mineralogical composition.

The original rock may have been a ferruginous, quartz rich sediment. On
the other hand metasomatic processes may be responsible for the unusual
mineralogy.

Hornblende schists have locally a definite gnessic texture, which
could be called a pencil gneiss. The rods or pencils consist of guartz

and plagioclase. In some areas the varying intensity of stretching of
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these rods is remarkable. Compressional forces alone could hardiy have
produced a texture of this kind. . Shearing which produced, a‘”rol;ingy
effect could account Tor the “"pencils’; Craig (1960) has expleined a pencil
gnelss to have been produced by “rollinrg in the Red Mountain Area, Con-
necticutt.

All of the rocks mapped as Horablende Schist belong to the staurolite-

almandine subfacies of the almandine-zmphibolite facies. The roclks o i

higher temperatures and pres-

sures of formation.
The Upper Quartzite is a series of quartzites with interbedded mica
schists. Some of the quartzite units are arkosic and in general finer

grained than the Lower Quartzite. The predominant constituent is quartz;

however microcline, plagioclase, muscovite, biotite and locally epidote
") = <= 2 2 &

occur In falr amounts. The presence of micas produces a distinct folia-

tion in most units and locally a gnclssic texture becomes evident. The
K £

letter 1s especially prominent on southern Loma de S5illa, where a gradati5
contact exists with the red granodiorite and on Cerro Colorado where Upper
Quartzite gradés into Augen Gneiss.

Some thin quartzite beds just north of Cerro Colorado are folded in-
to tight isoclinal folds and shearirng parallel to the axial planes has
taken place. This testifics to the inbense deformation that has occured.

The Upper Quartzite is placed i the stavrolite-almandine subfacies
of the almandine-amphibolite facies. The gnelssic texture occuring local-
vly suggest higher temperéture'and orernure of formation.  Mylonitization

which 1s also present in some placcs sugpests intense deformation.
iy it its }

The Amphibolite consists of plagioclase and hornblende with minor
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magnetite, ilmenite, epidote and garaet., From the outerop pettern an in-

s .

s also from the mineraloglcal composition.

[N

trusive orlgin is supggested, as
The outcrop in the northwest of the map area appears sill like in the
Lower Quartzite whilec the outcrop southwest of Loma de S51lla may be a dis-
cordant body which cuts the Upper Quartzite.

A period of regional metamorphisn and strong deformation occured
after these above scdiments had been devosited and intruded by the rock
which is now amphibolite. Foliation i1s sztrongly developed and parallels
what appears to be bedding., as definou by 1ithologically different lavers.
Foliation strikes northeasterly and o most easgily explained as flow
cleavage produced by stresses actingy in a northwesterly direction.

Isoclinal folding on a small conle 1s present in an outcrop Jjust nortl:
of Cerro Colcrado; stearing occuring parallgl to axial planes is also urom-
inent there., and this suggests that isoclinal folding has also been activ
on a large scale. The excessive tlvicliess of the Lower Quartzite is aiso
indicative of isocliral deformation. The guartz-muscovite schist wedge
north of Loma de Silla might be a tizht, plunging isoélinal fold or be tThe
result of a shear cutiing it at its castern contact with the Lower Quartaitlo.

Drag folds are cormon in horoblao

and along the Lower
QuartzitejHornblende Schist contorioed layering in the quartzite is pre-
sent. Chevron type folds of small i:gnitude oceur in a greenschist east
of Mule Springs Canyon. This area i lnterpreted as synclinal, beecavse
M. Willerd's observation (Personal cammunication) is that chevron folds
are commonly found in axial zdnes,whereas'drag folds are commonly found
on limbs. Drag folds are not gbuv ont enough to be useful for a statis-

tically valid structural analysis.
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Drag folds in the northern part of the mapped area plunge southerly
and southeésterly, in the Cerro Colorado area the dominant direction of
plunge is easterly and northeasterly. These two areas are separated by
the Ladron Fault and the area just north of Cerro Colorado may have been
affected by movement along thls fault.

The Granodiorite Augen Gnelss conﬁains microcline and plagioclase,
gquartz and biotite. Some of the biotite is altered to chlorite which in-
dicates retrograde metamorphism because éf textural relatlonships. The
Upper Quartzite crops out in the northern part of Cerro Colorado and toward
the south the gneissic texbure becomzs more strongly developed. The
southern vart of Cerro Colorado is predominantly augen gneiss, however,
some thin interbedded quartzite units étill do occur. Contacts of these
with the Augen Gneilss are sharp and =ppear:not to be faults.

Near the ends of the augen many gmall grains of feldspar occur, In-
dicating that mylonitization has occurred, and that therefore deformation
has been intense.

Hornblende schists occur probably as infélds. These beds together
with the Upper Quartzite form a feature which appears like a layered
gsequence and can be seen from a disvance (Fig.‘lB).

The Augen Gneiss has been clagsifled as a hornblende-granulite, the
highest metamorphic rank evident in the mapped area.

Within the Avgen Gneiss a few pegmatitic short sills are present.
These pegmatites contain mlicrocline, plagioclase and quartz. No enrich-
menf of mafic minerals is present in the host adjacent to pegmatite sills,
whigh indlcates that they were not formed by metamorphic differentation

in situ, Nevertheless this process may have occured at depth with sub-
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sequent injection along the path of least resistance, i.e. parallel to
the foliation.

The bedded or layered seguence and the infolds of hornblende schists
rule out an igneous origin for the augen gneiss; and the gradationai con-

tact from Upper Quartzite to Augen (aelss strongly supports a sedimentary

origin for these rocks.

4

The Upper Quartzite is believed to have been a series of arkosic

sandstones, or arkoses.

This author deoes not agree with Slingerland's (1950) interpretatio:
of Cerro Colorado as conslsting of a foliated granite.

The Red Granodiorite contains reddish microcline, and white to color-
less plagloclase and quartz. The mafic minerals are sparsely distributed,
biotite is most common, but hornblende was noted. Muscovite 1s quite
rare in this rock, Chlorite occurs 1ocaliy in minor quantity as an altera-
tion product of the mafic constituents.

The granodiorite has a seriate vexture, is massive, and lacks foliam_:
tion except on Loma de Silla where scdiments, Upper Quartzite, grade into
it almost imperceptably. A few hornbi.ade schist layers extend from the
Upper Quartzite into the Red Granodiocrite. In the adjoining Hornblende
Schist east of Main Ridge no impreghotion of the Hornblende Schist is
eﬁiaent, nor are there veinlets of guarts and/or feldspar in the Hornblendo
Schist near the contact ﬁith the gronodiorite. The contact between:
Hornblende Schist and the Red Granodiorite appears comformable, i.e. par-
allél to the foliation in the schistc. Effects of contact metamorphism
have not beén ﬁoticed. Locally a few inclusions are found in the grano-

diorite; these, however, may be remmonts of layers not granitized, such
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as ‘the hornblende schists extending into the grancdiorite on norﬁhern
Loma de Silla. Myloaitization is believed to have been active dnd prob-
ably responsible for breaking up some of the hornblende schist layers
which then became assimilated, at least in part. The outecrop area east
of Main Ridge is belicved to be eroded to a deeper level than the oubcrop
area on Loma de Silla. This is deduccd from the relative movemént on
Ladron Fault. In the deeper portic: howmogenization was more complete tho
in the shallower po:L on, which leaves a continuous layer of hornblends
schist in the Loma de S5illa cutcron wherecas in the outerop east of Mzain
Ridge only few inclucions rémain.

The Red Granodiorite shows a gradational contact with metasediments
mapped as Upper Quartzite; the lattor §s>arkosic in parts, and closc to
the contact has a gneissic texture.

Granitization is a subject of many, and often, strong controversies
Much has been written and argued pro and con by the different schools of
thought. The term granitization itsclf is not well defined and is used
with different meanings. Evidence vhlch is used by a ”transformisﬁ” as
indication for‘granitization in situ may be used by a "magmatist" as proof

for intrusive origin. What a "magmatist” may call Xanoliths are often

1

termed skialiths by & "transformist’.
The best argunent is undoubtedly that by R. Chapman in Gilluly
(19k8 pg. 128-129):
"The transformists regard granitization as a deep-seated wrocess,
one which is, in effect, ultranct:morohism.....some results of

this process are gradational boundaries between granite and wall

rock, litepar-lit gneisses, ptyrmatic folds, relics of wall rocks



in the granite, and "basic fronts'. Granitization, however, can

conceifably take place only at preat depth when temperatures and

pressures are high. +eae Instead, in the upper levels, the

magma ... Will intrude the country rock and leave such telléale'

evidence along its boundaries as apophyses, inclusions, sharp con-

tacts, and chilled borders”.
Is there actually any necessity‘to'bclieve in only one or the other theory
of granite origin? Definitely not! The author does not wish to be clas-
sified as a "transformist” merecly baocause of the interpretation in this
report. There are definitely granites and granites, and depending oa
their contact relationships, on the environment in which they were em-
placed or in which they were Tormed they should be classified as of in-
trusive or metamorphic origin, provided, of coufse, that sufficient cvi-
dence 1s available to do so.

In this report granitization is used to describe a process which oc-
curred during a period of regional metamorphism. Originally sedimentary
rocks which were arkosic underwent pvecrystallization, after possibly ex-
tensive prior mylonitization, and pﬁasibly gsuffered some metasomatism to
produce a rock which has now the appesrence of a granite (in the widest
sense). Whether or not remelting occurred cannot be determined. The
author 1s convinced, however, that a liguid phase must have vlaved an im-
portant role, as diffusion in a completely dry sjstem is rather slow, and
a liquid phase would ald considerabl;. A liquid phase, predcminantly
water, contained by the sediments, would also lower considerably the melt-
ing range of silicates (Tuttle and Dawen, 1958) and bring it within the

range of temperatures suggested by the metamorphic facies represented in
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the area of the southern Sierra Ladrones.

’The area occupied by the granodiorite has been interpreted as a syn-
clinal zone. This agrees with field observations that synclines were
faulted out and that these were neccssarily at greater depths that anti-
clines. The same has been reported in several instances that granitization
occurred mainly in synclinal zones, but occasionally alsc in anticlines.

Interpretation of folded amphibolite layers 1n phacoliths depends on
whether the geologlst happens Lo be o "mapgmatist” or “transformist'.
Buddington (1959) explalns these as renollthns and the granite ac magmatic.
Stevens (in Buddington, 1959) interprets skeletal folds duﬁlined by layess
of hornblende gneiss near Horthgate, Coleorado, as relics residual in
qﬁaftz mdﬁioniﬁe of granitization origih. The lattér would be properly
classed as skialiths.

Metamorphic facies present in the vicinity of the granodiorite sug-
gest that temperaturcs during mete;nozﬁpl*ism were sufficiently high to h._l\.
produced at least a partial remelting of some rocks. Experimental data
by Tuttle and Bowen indicates that the lowest temperature at which a gran-
itic rock may crystallize in a "wet' ¢ 1t is around 650°C. Temperatures
as high as T00° to 750°C may have becn reached in this area, and melfing;
therefore, wouid have been possible, with a sufficiently high HEO Pressure.
It is the author's coatention that the water enclosed by these sediments
was sufficlent to achieve this.

To recapitulate in short: granitization occurred durlng the period
of regional metemorphism, recrystallizing, énd possibly remelting, arkosic
sediments with possible minor additions through metasomatism. — Mylonitl-

zation may have been produced in these sediments prior to the recrystalli-
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zation - evidence for this exists i: the auvgen gnelss which has essentially

the same composition as the granodicrite. Mobilization of the granitized
mass did not occur. The bordering Hornblende Schist has a contact with
the granodiorite which is concordant to the follation of the schist and

-

parallels the regional trend of foliation. The granodiorite is feebly fol-

'

iated in the zone of gradational comgﬁct with‘the gneissic metasediments
but massive away from this contact. Some hornblende schist interbeds ex-
tend into the granodiorite and show 1ittle éffects of assimilation.

The Younger Granodiorite consists of guartz, microcline and oligoclas:
with minor muscovite and biotite. It 1s in intrusive contact with Pre-
cambrian metasediments and the Red Gerunodiorite. In the northeastern part
of the mappgd area, Just south of C.7lon Hondo a small hill has a Red Gran-
odiorite capping whereas the lower »:xt of this hill is Younzer Granodio-
rite. Small roof pendants of metascdiments in the Younger Granodiorite

PR

are also present in the same general acrea, and north of Caflon Hondo. Thi-
suggests that, at least in this aren, the erosion surface must be close to
the original top of this intrusive.

The metasediments in the_roof nondaats show no effects of contact
metamorphism, this may 1nd1aa e that the intrusive was emplaced while the
terrain was still relatively warm foom the regional metamorphnism.

Age dating by G. Wasserburg has established an age of 1440 million

yrs, supposedly from samples of this younger granodiorite.



CONCLUSION

During Precambrian times, cleas, well sorted quartz sands with a few.
thin, shaly interbeds were deposited on a stable shelf area. Then a
thin sequence of pelitic sediments vad a somewhat thicker one of possibly
fine grained ferruginous sandstones a2nd a later seéuence of quartz sands
and arkosic sands accumulated during a period of transgression and possi-
ble uplift of & land mass, from which these éediments were derived. After
the accumulation of these rocks basic sills and dikes intruded the sequence.
Sedimentation must have continued for some time after this event, evideinw:
for later rocks existing in the Souta Manzano Mountains.

A period of regional metamoprhlom accompanied by intense deformation
produced tight isoéWinal folding and strong foliation in the deeply buried
rocks. Temperatures‘and pressures reached sufficlent intensit& to recon-
stitute arkosic sediments to form Augen CGneiss and Granodiorite. Some-
time later granodiorite also intruded the terrain and this appears to ter-
minate the activity of the Precambrian.

A long period of erosion began, mhich.was tgrminated by sedimentation,
teginming in Mississippian times.

During Terbtiary times the Ric Jrands depression began to be formed

and sediments derived from the neipnboring hills filled the valley. The

fault on the western boundary of the depression, Cerro Coloradp Fault in

the Sierra Ladrones, is believed to be still active.
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