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ABSTRACT

st flank of rhe

The Bl Orvo Hountalus ara located on

Sangra de Cristo Range of nocchara New Hegico. Precambrlan TOCKs are
eoveced to the mast and wast by Paleozoic Timescones and arkoses., The
%1 Oro Hountains consiat of antiformal strnctuvas with gneiss and migma-
titic gneiss in tha cors, mantled by muscovite senlst, banded gneiss,
and amphibolites. 'The apntive sequanca L8 intrudad by granltic pegmatite
dikes up to 300 feer thick and ssvecal rhousands of feet long.

Phece have bean ab least two periods of Precanbrian deformacion, The

earlier deformarton produced 1sovlinal, recumbeat folding trending soutn-

southwest, with o shear zone having the same Lreud. Subsequently, elon-

cate domes wita axes traodiag qorroeasc-sauthwest, were formed. These

]

0

srructures have vargleal eastesn Liwps and modecatsly dipping wescarn

e

Limbs. This second deformation reociznied the earliar fold axes to moutn

and southwest Crends.

S . E d i e e

Amphibollte Facles wecamoephism accompanied hoth periods of defor-

mation,  approximatiog conditions of the wvpper almandine amphibolite Lacias.
The ancira serquence, with the pxeeption of the amphibolicves and
pegmatltes, is incecoretzd as mebtassaimencacy, as avidepced by the Lahomo-

genelty and composition of the rock units. Tha amphibolites represent

mecamocphosed basle sills.
vaulting during the Lacamide orogeay thrust the Precambrian rocks

toward the sast, where they cast against Paleozoic sadiments.
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INTRODUCTLION

Location

The L1 Oro Mountains are located ia Mora County ia north-cencral
New Mexico, They form part of a souch trending belt of Precambrian out-

o

crops on the eastern slopes of the Sangre de Crisio Mountains.

The Sangre de Cristo Range is bounded by the Rio Grande Basin on the
west, and the high plains of eastern HNaw Maxlco to the east,

e main population center in the map area 1is the village of ilora,
located ab the intersecrion of Hew Mexico Highways 3 and 94, Tt is 23
iles northwest of Las Vepas, New Mexico, and 65 miles southeast of Taos.
Mora has a population of about 1500, and is the center of activities for
a large rucal popularion. Staaley (19631, states the foliowing about the
orinzin of the town:

"Originally named Santa Gectrudes de Mora, the present

community was settled by 26 Mexican families to whom

the Mora Laund Crant was given in 1833 by Governoz Albino

Parez. The name Mora was probably chosen becausa of the

great nuamber of mulberry trees growing in the valley."

Other communities in the area include North Carmen and Ledoux.

During the dry season, the map area is veadily accessible by state

and county roads. Duriag the wet months, July through Septenmber, the

dirt roads ia the avea become impassable after several days of heavy

ralnsg.
Ceography

Elegations in the map area rangs Lfrom 7140 feet at the southeastern

wvorremecazmcase
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border of the map, to 8461 feet at Eagle Peak, in the center of the map
araa.

The region underlain by Precawbrian gneiss is characterized by
sharp peaks and ridges, and deép narrow canyons. The areas underlain by
Precambrian amphibolite and schist, or Paleozolc rocks, consist of
rounded hills. 1In areas where gneiss is the predominant rock type, the
Precambrian-Paleozoic contact Is characterized by a change from the dip-
slope topography of the Paleozoic beds to the rugged, steep topography
of the Precambrian terrane.

The north facing slopes, regardless of underlying rock tvpe, are
more densely vegetated than the opposite slopes; this dis prebably due
to unequal amounts of solar radiation. Evaporation is less on the north
faﬁing slopes, which have therefore developed denser vegetation and a
soil cover.

Vesetation on the slopes consists of scrub oak and different var-
letlies of grasses. Conifers common in the area include, juniper, plavon
and ponderosa plne, and Douglas fir on the higher peaks and ridges.
Aspen and cottonwoods are found in stream and canyon bottoms. The allu-
vium filled Valleys exhibit a vériaty of grasses and shrubs.

Farming, ranching, and tourism are the main sources of Income for
the residents in and around Mora,

The alluviated valleys, including the Mora and Cebolla valleys, are
planted‘with corn, oats, and alfalfa, at the start of the summer vainy
season. The yleld is used mainly as feed for cattle, which graze In the
valleys.

Coats and sheep raunge through the more rugged portions of the map

area.
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Pucpose of Investigatlon

The Bl Oro Mountalus wers selecced for an investigation ol the
Precambrian geology wich two nriaary goals;

1] To excend the mapplng of Precambrian rocks in the Saspre de
Cristo Mountains. The arsa ifmmediately to rhe north had been mapped pre-—
viowvaly by Riese [1969), as a Master®s ithesis at Hew Mexico Instltuge of
Mining aand Techaology,

21 To acquire a betrer undesstanding of the geologic, structural,
and peitrologic velationships 1n che Precambrian of the Sangra de (risco
Range.

The EL Oro tlountcaias provide good ouicrops, and a variety of Jdii-
ferent lithologlic units whose fiszld relationships arve wall exposed; wora-

oveyr the area is easily accessivle.
Merhod of Lnvestizagion

Geolosic mapping at a scale of 1:24,000 on the Unlesd States Geolo-
gleal Survey 7 1/2 minute Mora Quadranzle, and collection of field data
and samples was done during the summexr of 1972, A total perciod of 2 1/2
months ware spent Ln the fiald.

Spacimens collected numberad more than 150, of which 60 thin seccions
ware cut; ten of thase were stained for detection of potassium feldapar,

Point couats {1000 noinis or more per sectlion] were made on thin
secrcions that ware conslderad to be vepresentative of the units describead,

Aerial photograpus provided by the New Maxico State Bureau of Hiaes
and Minavral Resources weca used to locare outcrops of Precambrian rocis,

and to delinesve contacts with the overlylag Paleozoie sediments,
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PRECAMIRTAY RQCK UNETLS

Tatroduction

]

he most abundant Precambrian voek type in the EL Oro Mountalos aad
vicinity is a pranitic to migmatitic mica gnaiss which forms the core of
a broad anticlinal structure. The mica in the eneiss is either muscovite
or blotite, while some paeisses carry both muscovite and biotita. Othev
major mineral constituents ace quartz, wmicrocvline, mid oligoclase din
varying amounts,

The gnelssic core of the anticlines is mantled by sillimanite-bear—
ing nmuscovite schist, =2longate amphibolite bodies, and a zone of banded
pnaiss which occurs northwest of the gnelss dome.

The schisrt and amphibolites are intruded by large, up to 300 feet
thick, pegmatite dikes which parallel the foliation. Pegmatite dikes ave
also present in the guelss, but they are of smaller size than in the
schist or amphibolite,

The contacts betwean rock units, except for the pegmatites, arve
pradational and the lithologies interfinger wlith one another, over a
gistance of saveral faastf,

Structural evidenca shows that at least two pesriods of deformation
have taken place during the Precambrian. Evidence of the earlier deforma-
tion is preservad as mesoscopic folds with an original south-sonthwest
trend. Later deformation has reoriented these folds into south and
southwast divections.

With the exceprion of the peguatites and amphibolites, the units ara

-

extansively weathevad, and collection of fresh samples is difficult.



Qranirdic Cneiss-

The granitic gneiss 1s a tan to buff, medium to cparSe-grainad
rock. Where mica is ﬁbundantly present, it imparts a wall~defined fol-
jation to the gneiss. The foliation is locally enbanced by thin, con-
cordant quartzo-feldspathic veins. In some cases this banding is so
pronounced and parvasive that the rock bezcomes a migmatitic or veined
meiss. Quartsz, microclina, muscovite, and plagloclase feldspar are the
najor constituents.

he anziss is of two types; a biotite gneiss, and a muscovite
gneiss. The latter is more abundant with foliation defined by muscovite
flakes up to 1.5 millimeters long. The composition of the gneiss varies
widely. Modal analyses were determined using a Swift point counter; 1000
to 1200 points were counted for each thin-section. See table 1. Changes
ia modal composition are gradational within the gneiss.

Well-defined, concordant quartzite beds, up to ten feet thick occur
within the gneiss. Modal analysis of a thin-section of this quartzite
is shown in table 1, as sample 727-49, Magnetite-rich layers within these
quartzite beds, parallel the foliation. Magnetite banding represents J
original iron-rich layers in the sa@imentary sequence; thus the magne-
tite banding defines original bedding, and foliation and original sedi-
mentary bedding coincida.

In ﬁoth nuscovite and biotite gneiss, the quartz shows evidence of
strain. Boundaries between adjacent gquartz grains are sutured and undul-
atory extinction is preseat in all quartz grains. The xenoblastic grains

are some of the largest in the gneiss, with diameters up to 4 millimeters.
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Muscovite-quariz houndavles are concava o the muscovite, suggesitlag

i

that muscovite has foomed at tha expenss of the quavez.
Microeline crystals average avout 1 willimeter dn size, although
some grains exceed 2 millimeters. Twinniag, according to the alblte and

ricline laws, producas gridicon structuce iu the microcline. USome of

il

p
the cryvstals are poilklloblastic, enclosing small, xenoblastic, quartz
graing.,

The thin-sections were stained with sodium cobultinitrite [Bailay
and Stevens, 1950} in ocvder to distinguisn potassium feldspar from plag-
loclase and quacktz.

Plagioclase faldspar ia vepreseated by granoblastic, sericicized
grains averaziagz about 0.5 millimetar in size. The anorthite cowmponeunt
of rhe plazioclase feldspar was determinad by the Michel-Levy m&thodﬂ
and averagzes 26 par cent,

Foliation in the gnelss is expressed by muscovite laths up to two
wmlilimeters by 0.2 millimetars. The elongate grains are strongly vcientad
parallel to each other, defining the foliarion. Smaller, equldimensional
grains are less scrongly oriented. In general, microcline-muscovite boun-
daries age concave to rthe wmicrocline.

The average composition of the more abundant muscovite gneiss Is;
quarcz 40.2%, potassium feldspar 27.57%, plagioclase feldspar 18.77%, and
miscovite B.7%.

Biorite is prasent as small, scubby, prancvblastic grains., Average
praln size is about 0.8 millimeters by 0.2 millimeters, although some
crystals exceed two millineters in the longest dimension. The pleochroic

formala 1s X+ yallowish brown, Y= reddish brown, Z= dark brown.
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Tiaure 1.

Quartzo-feldspachic hands varallel to foliation

within the ~neisz. Thotoyraph taken northwast
<3 v i

of Tagle Peak

v

in sneiss. Phoroavaph Eaken Soom

agle Peak, looking north.
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Tn scme samples, the biotite gralag are dimensionally unoclenvad,
suggescing that at least some of the niagnice formed or recrystallizad
subseyuent to the deformarional phase responalbla for the develnpﬁant of
foliacion.

two minarals cosmonly occut as gwall, cranoblastic to idioblascie
graios in the gnelss. In the area norih of Eagle Pauk, vaddisbh-biown
{dloblastic crystals of catnet aye Found in the gaalss, In‘thu suuth-
centeal part of the map aves, just north and west of tha El Oro Mountalas,
wenoblas tlc magnetite‘grulns up to 0.5 mlllimater$ in diameier ace dis
geminatad throughoul tha gaeiss. The magnetic content is suificlent to
defloct the compass neadle by oveer forcy degrass, wheq thz compass 13
placed against the outerop. Iﬁ soma samples, magﬁ&ti*e»rlch baads, sim-

ire beds, oewnur, Near by, pemmatite divss arve
» ¥ \ 3

ilac those in the quart

also very rich in ragnesilte, with pagnsbite nodules geveral ianches in

diameler.
The enrictment of mugnetire in tha pegmatites, In areas wohara there

is a similar abundénc&.of magnaetite In the gaalss, supgests that tha
pegmatites may have bara decived, at least in parb, from the gos=iss. '
The inhomogenaltv of the gneles suggests that 1t 1s of metasadimen-
tacy origin; The original rock was probably & QUQKKZOMEGLdépahhiC g and-
stone, with interbedded, Lfron-rich, quartz-aranite bads. The low varia-

tion in anorrhire component in tha plagioclase suzyesha rhalb: the sandsbons

was a weathecing product of an older iLgnzous rock, prohably a graanite.
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Museovice Schise

Muscovize schist, which mantles the mmelss, contains wuscovite and
quartz, with lesser amounts of Faldspar aad sillimanite. Garnat, epldote,
ziccon, biorite, and magnetlie arce present in small or trace umounts,

sMuscovire cevstals reach slues up Lo 5 millimeters by 0.2 mlillimeters,
ocizared parallel to =ach other, producing a we ll-dafinad follation.

Swmall grains of siliimanizized quarcz ars disseminated throughout the
schist.in trace amouats. Moscovite makes up abouc 40 per cent of the
roek.

Yencblastic quartz grains ave present in fwo gize ranges. Equldim-

enstonal prains avarawe less than (.5 millimeters in diamerer. Largev,
alongate crystals oriented wich the long axis pacallel o the foliakion,
ceach sizes up to one millimecer in the long dimension. QOuartz has con-
cave boundaties with the feldspar, aud makes up 37.5 per cent of the
wiscovite schist.

The strongly sericitlzed plaginclase feldspar has a geailn size
sligntly smallev than Lne larger ouartz grains; the elonzate grains of
feldspar also parallel the Foliation. Anorthite content of the nlagloclase
{5 An 15. Plagioclase feldspar constitutas 12 par ceat of the rock.

Porassium Faldspar occurs in small amouncs, as amall xenoblastic
grains.

Magnetite is dissemlnated throughout, as polygonal gralns 0.03 to
0.2 millimegars in diameter.

Epidote, diztinguished by its vellowish-graen color, forms elongpate,
weaoblastic grablas up Lo three millinerers long. L[t cccurs wlthin musco-

vite crystals, whewe Lt has apraad the cleavage planas aparc.



Red=brown garaeis arz abuadant la the schist adjacent o peguatlies,
bar ava peesant throuzhout Lo Grace amdunts.

Blue-bluck sillimanite nodules up to three iaches in dlumetat
yeakher ont of the achist at two localitles; south of Eagle Peax, where
a small lens of muscovite schist s found wlthin the gnelss, and, east
of the villaxge of Mora and south oi Hew Mexico liighway 3. The nodules
ave leas—shaped aad lie with theiy smallest dimension parpendicular to
the foliation of the schist.

In thin-sectlon, the nodules appear as a mass of compactad, felty,
microfolded fibars of sillimanite. Small [0.1 to 0.2 millimeter] eraius

of quartz ave scattecad within the aggrapgate. The noduies contaia ap-

proximately 93 pec cent sillimanice and 5 per cent quartz,
Y-ray diffraction analysis on a nodule cotlected south of Fagle Peak,
confirmed the pressnce of sillimanite and the very low quartz contsal,
as evidenced by the weak guartz peaks. A listing of the gillimanite pealku
2

from this sawple is shown in Table 2.

The schist iz approximataly 300 feet thiclk, although it thins to the

o

south and is not presant as a mappable unit neac the southerm adge of the

map area.

The unlt is gradational with the gneiss, and lenses and stringers of
muscovize schisc are present in the pneiss in aveas well removed from the
schist-goueiss concact. TFor example, at Eagle.Penk the pnelss has a great-~
er quartz and mascovicte content rhan ithe average gnelss, Filve hundred
feet to the south, the muscovite content approaches that of the schist,

.

with a concomitant dacczase in feldspacr. Sillimanite nodules dare present

in rhe rock ar this point. Three huadred feet further south, the rock
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Table 2.
S$1il1timanite from Dz2laware Sillimanite from £L Oro
County, Peansylvania Mountalns, Mora County,

New Mexico

d- J—thata for  Relative 2-theta for  Relative
Spacing Cu K-alpha Intensity Cu K-alpha Tatensity
radiation vadiation " [visually
astimated]
3.62 26° 100 25,9° strong
2.90 30.8° 40
2.70 33.2° 40 33.4° moderate
2.55 35.0° 70 35,3° weak .
2.42 3?“0° ' 30 37.1° weak
2,28 39.4° 40
2.20 40, 8° 80 , 40.9" wealk
2.12 42 .6° 40
1;98 45,6° 20 45.5° weak
1.87 48.6° 30, 48,6° weak
1.83 49.8° 30
1.80 50.3° | 20 51.1° weak
1.71 53.6° 40 53.6° modarate
1.69 54.2° 60 54.4° waak
1.59 57.8° 30 57.6° weak
L.50 59.2° 30
1.52 60.3" 80 60.8° weak
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Yas the minavalogy and texturs of the avaerawe paelss.

The wmuscovite gohist—amphibolite confact 15 marked by pradacional
changes withta both units. In the viciniuy of the contact, the muscovice
sehist contains horunblende winila the hdﬁsiv& anphibolita shows a fol-
iation.

The lensic nature, and gradational coaposicional variation of the
muscovite schist suggest that it Y1as been derived from a sedimentary
rock. In view of the high nuscovite contsnt, the original sediment

mav have bzen an alwninous shale.
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Banded Gneiss

A fine-geained, groy bto tan, bandad goelss outcrops in two places
in the map area, An outerop about 300 feot wide is exposed within the
amphibolite west of tha village of Ledoux. It is concordani with thea
foliation, and the contact with the amphibolite is sharp. Banding.is-
expressed by alternallog muscovite-rich and quactzo-feldspathlc bands.

In the area northwest of Ceboi]a Pass, a simllar finéwgrained.rﬁck
.of about the same thickness is present in a swall syncline, It ocecurs
between the gpeiss and amphibolite. Lensas of amphlbolite are presént
withic the banded gnelss, whose contacos with the granicic gnejss and

pradational. Ta parts of this outerop, the banding s

amphibolite ave 3 !
very pronounced, while in otha: porcions, baoding is not presont.

Tn the bandad portloﬁs'of the gueiss, the dark bands have larger
conceﬁts of magnetite and muscovite, wiile the light baads are predom-

jpantly quartz and feldspar. The banding, whers present, 1s parallel

to the foliation and che amptribollt2~banded gnaiss contact.

AT TN ORI OTIOT
- - VN

The most strikiny f{zature of the unic is its swall grain size.

‘

~ i

Grains of eguldimensional feldspar and quartz do not exceed 0.4 millii-

meter in diameter, except for a few purphyroblastlc.poikiloblasts of

gt
Rl

muscovite and potassium feldspar, Porphyroblasts enclose gralns of all

B
PA £

tha other minerals in the rock.
The term “"handed gneiss" is used in this paper in a descriptive
sense., DBanded gneisses [Berchelsen, 1961] are wada up of alternating,

wall-defined layers of different composition. The layecs may be less

than one centimeter thick In thinly banded gnaisses,




According to Diecrich 10A0 ], tharg araz diverss pussible orizing
2 v 7y

for banded guaisses. The bamling i3 only pactiy rhe resulf of meinanor-
nhic differentciation, rather thie pra—metamo:phic handling was acczin-
tuatzad by recrystallization. averal sedimentacy, tgneous, and tectonic
processes may produce a baundad znaiss.

Petrofabric obsewvvations may provide avidence for favoring on2
peoasls over another [Dietvich, 1959], although in some cases racrystal-
1i£ation can mask all pre-existing fabric elaments.

Aay interpreratlon concerning the origin of the banded gneiss,
should explain the followlny observakions;

1] The banded guelss is compositionally gimilar to the granitic

gnelsa, Howevar; the graniﬁic gnelss is nok bandad.

21 No igneons or sedimentacy textares can be idencified in the

baaded gneiss.

3] The wlt oceucs pnly in the porthwest pogtion of the map ared.

pPublished photographs of blastomylonites (Ouensel, 19177 show a
banded rock with diffecing widths and intervals betwaen bands, wvevy
similar to the bandad gneiss. It is suggested That the banded gnaigg
is a product of sheating and me tamorphic differentiatibn.. Intense
shearing along & northeast-striking plaune producad a fine-graloed banded
rock. Later, matamorphism accentuated the bandiog and ohliterated all
evidence of cataclastic textures. Sheariag within this localized zona
probably occucred during a reduction of pressure and tamparature condl-
tions betwees the Lwo pariods of metamocphisn. . The later episode of

meranorphisa erased 21l evidence of shearing




Machanical diffew

.
1S
et

cntiarlon by shenvlr

1, and menanorphic recrystal-

1izacion have bhean the main pcocesses which transformed an arkosle

sandstone Inco the bacded gnelss.

folded inco a small sync

Subsequently, the banded gnelss was

1inz nocth of Cebolla Pass.
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Amphibolites

The amphibolite i1s a dark green to black, madium to coarse—-graluned
hornblende and plagioclase-bedring rock. The thickness of amphlbolite
varies, but on the average, 1t exceeds 1000 feet. Contacts with the
nuscovite schist are gradational, with the amphibolite acquiring a folia~
tion at the boundary. Lenses of amphibolite up to 60 feet long intfude
the banded gneilss at theAcontact. A concordant lens of amphibolite is
also found in the granitic gneiss, east of lora. In general, the contact
with the granitic ganeiss is sharp.

Quartz-plagioclase veins and stringers lie concordant with the fol-
jation. Sese figure 2B.

The amphibolites are intruded by pegmatite dikes up to 200 feet
thick, howeyer, the dikes are not as large, nor as abundant as thasea
within the muscovite schist.

Amphibolites and muscovite schist are closely associated through-
out the map area, except near the southern edpe, where the nmuscovite
schist 1is missingz. Contacts were mapped on the basis of the most abun-—
dant lithology present. | !

Hornblende occurs as elongate, xenoblastic grains up to one milli-
matec long. Lens-—shaped aggregates may contain almost 100 per cent hoxn-
blende as prisms up to 0.7 by 4 millimeters. Parallel orientation of
these prisms define a mineral lin;ation parallel to the the mesoscopic
fold axes in the area.

Two types of hornblende may be distingulshed in the amphibolite, by
their respective pleochroic colors. Im the fine-grainad, xenoblastic por-

ticns of the amphibolite, the hornblende is hlue-green. The pleochroic




e e

3
3
#
H

] . vy "
Facing Vage 20

Figure 2.

Paldspar aggragates wi ttia the amphibolibe uovih o { Cebolia

Pass; thase arve interpraied as velict phecocrysis.

Faldspar-rich stringers and veins within the amphibollte.

Photograph taken at roadcut east of Mora.
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areen, Y= yellowish green, %= blue-green. This

o

formula is, X= olive
hornblende is usually xenoblastic, and occurs as stringers, apgregates,
or clots.

In the region northwest of Cebolla Pass, many of the amphibolite
sanples have prains of granoblagtic, vellowish brown hornblende. The
amphibolites of this area also contain plagioclase crystal aggragates,
figure 2A.

According to Shido and Miyashiro [1959], the hornblenda changes
from a blue—-green variety, characteristic of the alwmandine-amphibolite
facies, to greenish brown at higher metamorphic grades.

Studies in the Adirondack Mountains [Engel and Engel, 19621, have
shown that amphibolite of the almandine-amphibolite facies contains
hlue-green hornblende, andesine, and quartz. The brown hornblende
characteristic of higher metamorphic grades is richer in titanium and
poorer in ferric iron than the blue-green hornblende of amphibolitea
facies rocks.

Lower ferric iron content is sufficient to change the color of the
hornblende [Binns, 1965]. The brown hornblende has a granular textura

i
as opposed to the ragged character of the blue-green hornblende.

It is interesting to note that the presence of brown hornblende haé
been recorded [Fngel and Engei, 19621 1In metagabbros.”'

The granular textuce of the hornblende, the presence of plagioclase
agpregates interpreted as relict plagioclase phenocrysts, and, the brown

color of the hornblende, suggzest that this hornblende is vellct igneous

hornblende. The original rock was probably a gabbro, or hornblende gab-

bro, intruded ag sills, into the metamorphic sequence.

R IS
SR
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The hornvlende content of the amphibolite ranges from 42 pec cent ©o

., uf four thin-sections, of 54 pec cear. dae

60 pec cant, with an avaray

Tablae 1.

&
o
(1]
T
=
v

Plagioclasse feldspar raages Lrom 34 par cant ro 52 per cent
amphibolite, by voluma. ‘The plazlocliase grains ave granu?laﬁtic, and most
show nood albite twioniag. The anovinite coatent of the plagioclase ran- .
ges Lrom An4d) to Andld. ‘The groains are stronziy sericitized alony {racturses
and cleavasge nlanes. They range from 0.2 to 0.5 millimeter in size.

A small amount of gquavrtz is present as swmall, clear, xeucblastic
gratns, easily distinguished from the dericiiized, cloudy feldsvar. The
grains average 2 to 3 millimeters ia diameter, Some of the guarrz is

secondary, present primavily as veln fillings. The amphiboliice contalos

2.8 volume per cent guachz.

'
Magnetite is present in two size ranges within the amphibolita. @‘
o
e
Vo \ R, o : . e e f ; g A et e £ MR E
rains up to one millimener, with square ov rectasugular cross-ssctions §§5
A
NN
14 o 3 - 4 a “ 4 - P - . B!
axrs Jdisseminated throughoui, Xenoblasitlce aggregaites of magnetite up to <4t
Ly

two millimeters long ace present around hornblende grains. Grains of

both types look identical in reflected light.

Calelce is present in trace amouncs in sawnple 727-9, Yt app=ars to

be a secondary miaceral wedgzd batween horoblenda crvstals.

Rutile, ranping ip size from 0,05 to 0.2 millimerers, is pressut in
small amounts within xenoblasts of homblenda, Tt 1s possible that chan-
zes in bhomblande composition caunsed by retrograde metamorphism, axpelled
citanium from rthe hornblende lattice, forming rutlle.

a

Azgregates of plagloclase feldspar up to 2.5 by 7 millimaters occur

"

porthwest of Cebolla Pass. The grainsg In the apggregaces have excellent
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albite cwinning. The anocthlte cooteal, by the iliche L-Lewy method is

A 40,  Individual grains within the aggregates veach sizes up Lo one

millimetes in the tonpest dimeasion. The faldspar agpregates are not

found in the amphibolite ia othar pacﬁs of tChe mAp arsa, and, it is

Jikely that these plagioclasa crystals are of an ignsous origin, and,

that metamorphiiswe has onlicerated the Lansous rexcuras alsewhere.

The presencs of relict phenocrysts, dikes of amphibolite within the g

schist, granitic gnaisg, and handed gneiss, and, ralict igneous hrown

horablande, suggest that rhe amphibolirtes reprasant metamnorphosed Lgneous
rocks. Their laasic shape indicates they wexe prohably intruded into the

gaguance as gabhrolc sllls. Sowme fine-urained amphibollces may rapresznl

metanorphosed basic flows.
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Pegmatite dikes intrude all Lracasbrian units in the wap area, butb

v

ey ara most abundant in fhe anphibolites and muscovite schist, They

xry in thickness from a few ilnches to more ihan 300 feet, and individuoal

dies are lens-shaped. This pinch-and-swell structwre of the pevaaticas :

very e .l t1lustratad in the woadeut east ol Mora. See figuce 4 ‘ ,

neh-and-swell structiores are Indicative of o low pressuce

erz a rock hahaves in a duecrzil

manner [Rivalenti

Dikey, wiih ry fuw exceptions, ave concorvdant to the foliation,

scovdant dikas are swall and thin, and ofcen foided or offset by small

ﬂltu-

Tie pegmacites have a bhilmod dlsoeibation,

Larpe crystals
H 2 *

inches to 12 inches Jength "£]

proundmass whose graln

erages £ o b millineiers.

DI0T
A

5 excellent twinaing ia

twe d

G
Io the fine-gralned portion, wilcrocline forms the larpest crvstals, §‘;t
RN
1s pragent in sizes up to & willimeters in the longest dimension, 1 y 1{
Y
P
L

irections; somne grains sre

-

S L R VI § D

iimeters) quartz and alblce bwinned plagio-

5
anar grains,

Anhwedral plagloclase

range up to 3 ailliwerers ia maxipum

i
T e

A

SR

anetar, with albize tuin planes sliphtly bLear or afifset in some grains. ‘

is sugnests Placuaed ducing the last stages of cha

vest defomacion, The anovethice convzan., by the

tichel-Lewy method, 1

o

10 to Anld,

Cuaciz by uresent 2y

snedral graios up vo 3
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Figure 3.

Yeldspar crystal at boundarv of pegmatite, at
the mine south of Mora. Leugth of double-ended

black 1llne Is four inches.

Selvedge zone developed in pegratite intruded
into muscovite schist, Hammer is 14 dinches long.

Photograph taken at mine south of Mora.

e
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dimenstion., In placas, it has overgrown and eaveloped adjacent microcline
grains, gizing the quaccr o poikilitic tegture.

Muscovice oceurs as swall, equidimenstoonal gealos up o one nllli-
meter in diameter. Muscovite grain boundaries are coacave to the quartsz
and convex to the microcline. Poiat counts [1000 points per thin-section]
on two thin-sections of the fine~grained portlon indicate that it has a
granitic composition, wiih a lacys vaclaiion in velacive amounis of
faldspar, guartz and wuscovite. Howevar, the anocthite conteat of tha
plagioclase feldspar is approximately Aal2, in both samples.

The coarse-gralaed portion of the pegmatites consists of books of
muscovite, quartz, plazioclase Celdspar, and ﬁicrociine~quartz inter-

orowths. Lavge crystals, up to § inches in tha louzest dimension,

"Float'" in the fiae-geained matyiz deseribed above.

-

2

A macromodal analysis of three pzgmatites, numbarced PL,P2, and £3

A
-

&
G
. . ) 3 . . r . - S o
from north to souih in the map area, was made in the fleld, usiap a six i@Qa
NI
- - . - + . -
inch svacing along the line of traverse and a twelwve inch spacing ba- PIER
5
Foeen traverse lines. Traversss were made perpendiculac fio strike, using
a 22 ft. string marked 1t gix iach intervals. The vesulis ars lisred in
Paers *

Table 3.

Textural and minecralogical zoning is present in and adjacent to the

I

g wn s

HiBFR
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pegmatites. In general, grain size increases toward the center of the
paumatice dikes. Mineraltogical =zoning, with quartz, plagloclase, and

muscovire along the borders and microcline towards the center, is evident

in some pawmatite dikes ranzing in thickness from a faw iaches to over |

50 faet, This votassium feldspar-rich central zona repres=nts tha last

Tiauld in a pegmatite crystallizing from the edges toward the center{Cerny,1971]
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Figure 4.

Pepmatite dike, 40 feet thick, intruded into schist

esst of the villiape of Mora.

Pepmatite dike introuded inte amphibalite., shoving

ninch-and-swell structure, in roadevt east of Mora,
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Almandine, black tourmaline, and muscovite are present at wallrock-pegma~—
tite boundaries, increasing in abundance with proximity to the boundary
and sizae of the pegmatite. Selvedge zones are present at the boundaries
of some pegmatites intruded into the muscovite schilst,

One possible source of the pegmatites 1s the pranitic gnaiss. A
partial melting of the gneiss, which has taken place, as eviﬂenced by
the migmatitic character of the gneiss in the £1 Oro Mountains, could
yieid a melt of the composition of the pegmatites, ‘This source is fur-
ther suggested by the presence of magnetite nodules up to several inches
ia diameter, within the pegmatites in the southern part of the map area.
The pegmatites do not contain more than trace amounts of magnetite any—
whers else, It is only in this area that the sneiss and the quartzite
beds within it, contain appreciable amounts of magnetite, and a similar
enrichment in the pegmatites suggests that the pegmatites are genetically

related to the gneiss.

Experimental work on the granite system [Luth and others, 1964) has

delineated the composition of ninimum melts from 500 bars to 10,000 bars s
water pressure. The composition of the pegmatites of the E1 Oro Mountains,

as determined by modal analyses, correlates with the composition for a

18
=3

.u,
sieh

winimum melt at a water pressura of 4000 to 5000 bars. The temperature

T

=
L DRFS

at the eutectlc at this water pressure is approximately 650°C.

A

A large water content is plausible, due to the presence of muscovite.
A a pressure of 5000 bars, muscovite would not crystallize at tempera-
tures around 700°C unless the water content of the melt amounted to about

8 welght per cent [Jahns and Burnham, 1969].




Granite paguatlozs vary in mineral compusition wich depth of prod-
aerion.  Accordlny to Sehmakin [1a7L), muscovita-hearing pegmatlias ava

produced at a pressure of 5 to § kilobars.

.

the evidence presentad, togathes with the experlmental work cited,
sugpest rhat the pegmaiites of the El Hro Mountalos were formed at 4 to

6 kilobars watzr pressure and an accomnauy iy Camparatuce of about H530°C.
Thase condliions are lo agreement wirh the piedsura-tampecaturs conditionas

of mecanorpnism for an asseub Lage contalaing wigmaritic gnaiss and silli-

manite.

Thie prassure—itempedatuce ragime of metanorpilsa is fucthex dis

in the szccion on metamorphism.

2
)
J




METAMGRPILEM

wworphisa, the rocks io e EL Oco Mountains

Ducing reglonul m

wice subjected to conditloas of the uppar aupnibolirce facies. The evi-
dence for this statement 185 the followlog:
1] The prasause ol gillimanice, which is a characteristic mineral

of the upper amphibolire facies, In the mascovite schist.
2] The mipgmatlole nature of the sneiss. AE high waber prassuaras

partial meloiaz of go s bezins ab saperature of 6507 to

700°¢ [Winklev, 1967}.
31 Tha coaxistence of musvovite awl quartz, which places an uppsy
1imib oun the pressure and temperatuce conditions of metamorphism.

Ta the sil Jmavlfwmaimdndlnw~ofrnnn1aaL subfacies of the amphibolite

facies, the parctinent equation is,
1] Muscovice & Quavtz “= Or rrhoclase + Sillimanite -+ H?O

Th the EL Oro Mountains, the press sure-terperatura condltions necessary

for this reaculon ko proceed to the riegnt ware not reachad, becauss We .

do not find sillimanite In the absence of muscovita, in the me tamorphic

vocks. However, ab pressules lower than those of the Barrovian facles

=ty i
L 4

seciaes, sillimaaite can coexist with miscovite [Winkler, 1967}, This ie
(%

B L

sillimanice is not prodncad according bto eguabion (1}, but from kyanlte NV}
[

ot andalusite changlng to aiilimanize as the pressu re-temparature condi-

1 .

tions neaved thae stabllity field of sLllimonite. The zone of coexlatence

v

of slllimenite and muscovite is callad the fivst sillimanize zone by

WinkLler [1967]




Fizure 5.

Pressure and temperature conditions of metamorphisn

800°C

490

10~

-1

Andalusite

Kyanite

region for

P Dt s
~. Probable pressure-tomparature

> )rmat&morphism in the [l Oro Mouuntvains

Aluminum silicate triple-polot from Richardsoun and others {[1949],
grvanite solidus fros Luth and others [1964), and muscovite plus
and Sapnit and Kenpnedy

quacts stabiliny boundarcy from BEvans [1965],

[1967].




Eynminarion of ACF diagrams indicate that the mascovite schist has
a composition appropriate for the formation of cordlerite in the upper

arpiibolite facies of the Abukuma facles series. the absznce of cordier-

esta that the pressure reached Jdoering regional metamorphlsn,
was larermediate between the Barvovian aud Abukuma facies sevies,
from the considecations discussed, a range of probable pressuce-
temperature conditlons of metamorphism, can he delineated. The range of
pressuce and temparature values of the aluminum silicate triple point
will not greatly affact the conzlusioans drawn regarding the vressure and
tenparacure of meramorphism. The highest temperature of metaamorohism
was in the vicinity of £307 to 700° €, with an accompanying prassure of
4 to b kilobars.
The mineralogy of the pepmatite dikes, as discussed earlier, is in |

azreewent with these P-T conditions. e

v ST

Thase conditions prevatled beyond tha latest staze of folding, as

e f,;';:jlf- -
i1

thare is no evidence for large scale cataclastic textures or ratrograssive "

metamorphlsm, in the metamorphic rocks.




PALEGZOLS R\.)C'L(:}

Paleonnis rocks ovaglle the Pracambeian uneonfoomubly on Anola
Ridge to the edst, and in the higher portlons of the Sangre da Cristo
Mountaias to the west, The Precanmri@analeuzoia concact has a reiief
of gaveral teas of feal, 1n tha nprchwest part of the map area.

The sedimsabacy walt jmmediately overlying the Pracambrian La a tan
to gray limastons ou th&‘ordar of 50 to 100 fean thick., Above this wnin
is the Sadia Formation of Pennsylvanian aze, 23 coarse—pralaed arikos2 with
abundant crinvid fraguzais.

faranbde defosmation has chrush the P:ecaMbrianrto the sast, agalast
tha Paleozoic sedimenis. Mappiag of fanliing witnin the Paleozole was novn
artempred,  Theee i3 2 promlpent evarse faule, or faalts, whose braca
approximatas the @asierm edge of Precambwian nuturobs, frow a poiak east
Mora, to the southarn edga of the map.

In avreus not adjacent TO Precanbrian outlicnps, Paleowole rouks wera

differenriated EFrom alluvian by mapping oi aeytal photographs,




STRUCTURAL GRGLOGY

a~

Introductioa

P

The main struccural feature of the £L Oro Mountains ave a numbeyr of
domal or antiformal struccuves, as shown in plakes L and 2. The core of
the domes is, typically, a gaeiss orx migmatitic pneiss, grapitic in
composition, and mautled by other metasediments. Sheared and isoclinal
folds arce przsent in the gaeiss and mantling ualts. REvideace forx at
least two discince periods of deformation during the Pracambrian, in the

EL Oro Mountalins, will he prasented.
Folding

The latest deformarion has produced broad, doubly-plunging antlfoomal
structuras crending northeast-southwesc. Ta the east of the broad anti~
formal structures, a tighi syacline which is overturned to the east, is
present. Lts axial trace folleows the valley bacwsen Mora and North
Carmen. Evidence of an earlier daformation 1s present as mesoscopic folds
of varying styles, with amplitudes ranging from several inches to a few
feet. See figure 14. Mesoscopic folding 1s present 1o all vnizs, but is
most evident in che gnaiss.

Ta order to delineate structural domain boundaries, a structure con-
tour map was consicucted asing measured strike and dip values on the fol-
{arion. Due to the absance of a recognizable horizon within the gneiss,

a phantom horizon was drawn at an inltial elevation of 7000 feet., ieasured

atrtirudes of foliation were usad to determine the position of all other

contour lines on this surface.




The srtructucal denalns wera Labelad L, 2, and 3, and are shown 1n
plate 2. Subsageently, 1t was Foond necessacy to subdivide domalns 1 and
2, into la and lb, and Za and 2h, respectively, The stoucture contout
map was also used to define the dicection of pluage of the second deforma-
tion Fold axes, B2, Thes: folds ave broad and asvenetrical, with veob-
feal to overturned sastern limbs and anderately dippiog western limbs.

A computer program, loaned by Prof;ssor.ﬁ. J. #ndding, was used to
calculate the statistically best preat cirele fit to the foliation poles
for domaln 3.

In domains 1 and 2, the p¥

seaes of bifurcating B2 fold axes reduced

the data to tha exteat that only one limb of the BZ Folds 1ls defined

cleacly. For example, stuike and dip veadings in domain la define tha

[55

western limb of a fold whose axls plunges in the direction N35W. The
foliation data wece insufficient Co determline fold axes with the cowputev.
prYopCan. Se the tremds of the fold axes were determined visually from

the struckuce map, for domains la, 1h, 2a, and 2b., A summary of tha B2

treads in the differear domalos is included in Table 4.
On a stereonat, polas to cylindrically folded surfaces fall on a
great civole, which is parpendlenlar to the axis, B [Dahlstrom, 1954].

ble onlv if the data are well

e

Detarminacion of thin great clvecle is poss

scartered, and include bocn limhs of the Fold., Houwever, in domains la,
1b, 2a, and 2b, the foliation poles plot as a maximum about one point.
Unless the trend of the fold is known, a large number of great circles

can be fitted ro pass through rhis oola maxiaum, vielding a wide Tange OF

values for B, Howeves, by using tha visually determined trend for 8, 1n




e

the respective subiduon

iwing, the cocrespouding pluage 1s easlly caloulatad,

The rreand and plunge of B, for domaln 3, as determined with the arvin e
uter proyram 13 in close agreewent to that dersrmined visually Ffrom the
structure contour wap and the equal acca projection of fleure 10,

More than 130 measurements of mesosconic fold axes were made {uv the
field. The data were plotted on a Schmide equal area net with projaction
on the lower hemisphere fov sach of the thres major structural domalas.
The diagrams wace contoured as a bercentaze of polnts per one per cent
area, - The projections for domains 1, 2, and 3 are shown in figures 6
through 11.

Determinarion of 82 fold axes make possible the wncolling of the
Sacund deformarion folds In order to get a prior orienbation For rhe meso-
scople fold axes, Bl. The BZ folds were unrolled to a point of horizon-
tality, where the Bl axes are also horizontal. The resultiag tre%&u e
summarized in Table 4.

Since w

2 canaotl asgnme that Bl fold axes were inttially harizoatal,
an alternative and mors correct method of deterunining therpricr trand and
plunge of the first deformation fold axes [Weiss and McIatyre, 19377, is
to unroll the B2 folds such that the Bl axeé describe small cireles pbouc
the respective B2 axes. The intersectioa of all small circles, ylelds che
prior tread and pluage of the BL fold axes. See Eigure 1z,

This mettod yields very Interesting results. The point of small
clircle inte Suctiop, BI’ For domains 1 and 2, ahout 57 degrees ta 8284,
is slgnificansly diffarent from the B maximun of domain 3. The stcucture
contour map, plate 2, shows the reason for this discrepancy.

The geaeral trend of B2 axes in domeins L and 2 differs from that of
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Figure &,

Equal area projection of follotion poles in domain 1.
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qure 7.

Equal area projection of mesoscopic fold axes in deowaln L.







Figure J.

Equal area projection of foliation

poles in domain Z.
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Figure Y.

Fqual area projection of mesoscopic fold axes in domain 2.
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qura 10

FEqual area projection of follation poles in domain 3.
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Figure LL.

Equal area projection of mesoscople fold axes in domatn 3.
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Figure 12,

Magream depicting method of determining prioxr orientation of

1l axes, bv intersecting small circles, in stereogranhic projection.
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domatin 3 by about 25 to 30 degrees, the difference Lﬂ trend between B3
and By. It appears from these data, that the B2 fold axes in domains 1
and 2 have been rotated in a nprtherly direction, by about 25 degrees,
with respect to domain 3.

The difference in plunge is about 40 degrees. This difference is
probably due to an upward rotation to the southwest, of domain 3. Such
a movement would decrease the plunze of Bl and B2, in the southwest dir-
ecction. This movement probably did not occur throusghout the map araa,
as it would have the effect of increasing the plunge of B2 in the oppo-
site direction, i.e. to the northeast, and, decreasing the southwesterly
plunge of Bl axes in domains 1 and 2. Hdwever, Bl axes in these domains
Liave a steeper southwestarly plung? than those in domaln 3. These rela-
tionships can only be explained by a movement upward to the southwest,
golely within domain 3. The prior orientation of Bl fold axes would

thus be defined by BI. The difference in trend and plunge between domain

-
3 and domains 1 and 2, could be the result of a third deformation, or a ﬁ
producf of complex folding during the gacond deformation. <
A survey of the literaturs, reveals sﬁructural trends similar to

;

those in the El Oro Mountains, in the Precambrian of northern New Hexicé.
P:ecambrian gnelss, immadiately to the north of ora, contains meso- gw
4]
scopic fold axes trending KNE [Riese, 1969]. Eh
Nt

Copper Hoﬁntain, {n the Pilcuris Range, Contains an anticlinal struc—
ture plunging 40 degrees to the ENE [Montpomery, 19537,

Precambrian rocks in the northern paft of Taos County3 are folded
along N70E and NZ20W axes [McKinlay, 19577.

West of the Rio Grande, in La Madera Quadrangle, in Rio Arriba Counly,




S

planar structuces scriking ¥70W zo V0N and dipplag 606 to 005, hava

¥ IRl

been recocdad [Binzler, 19585].

W
s

The northeastarly and southyvesterly trends prasent in the EL Oro
Moantalns have been wall docunented in the Precawbrian of northerm New
Mexico. The mesoscople foldinyg which definad this trend is of varying
styles, Two fold styles are shewa fn phortographs in figure 13; sketches
of other folds, from phokographs and field notes, are shown in figure 14.

Similar folding vas dominant during the first deformation. Isoelinal
folding is wall-devaloped throughout, but is awost evideat in the migwa-~
titic gneiss, where quactzo-feldspathic bandiang delineates the foldiag.

A few of the masoscople folds show evidence of superposad folding in ont-
crop, usually as harmonic undulations of the Bl fold 1limba. Sheacing,
parailel to Bl axial planes has occurred, leaving the two fold liwbs saoa-
rated by a shear zone. These zounss are often outlined by quactzo~ields-
pathic matecial. The axial planes of the Bl folds, in genecal, 1lla paca-
ilel £o the foliation, indicating that the first folding was isoclinal,

Othevr linear structures include wineral and texcural lineartion and

‘boudins.

e Mineral lineation, ta the form of parallel prisms of hornblende

within the amphibolite, have already been described. The prisms parallal
the Bl axes in the érea whare thay are found, although the evidence is
meagerc,

Elongate feldspar and quartz aggregates are preseat in the gnelss
west of Cebolla Pass. These rod-shaped aggregates are also parallel to
Bl fold axes in that part of the map area.

Rotation of gquartzlte boudins has occurrved within the amphibolite,
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Figurs 13.

A Asymmetric similac fold in muscovite-rich pneilss
u & ¥y

gouth of Eagls Peak,

B Chaevron fold delineated by auacte~faldspar bands,

in the E1L Ovn Mountalns.
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Fizure 14,

Symmetrical chevron fold in granitic gneiss, west of

Bagle Peak.

Asymmetrical simllar folding of guartz—feldspar band in
biotite zneiss, southwest of Eagla Peak.

Open mesoscopic fold in muscovite gueilss.

Similar, asymmetrical folding of magnatita lavers in gneiss,
cast of Eagle Peak.

Open similar mesoscopic fold showing evidence of superposed
folding in harmonic undulations of limbs.

Similar folding with shear zone, parallel to axial planz of
mesoscopic fold, delineated by guartzo-feldspathic material.

From a photousraph taken west of Eagle Paak.
< g







west of Ledoux. The axis of rotation of the boudins plunges 10 degrees
in the direction 540W. It is propable thal rotation of thessz bouding
occurrad during the sacond deformation, which treends in Lhe sane dieaction

in domain 3.
Faulting

A Pracambrian sheay zone, praserved as banded gaeliss, oCccurs noTkinwest
of Cebolla Pass. The orisntation of this shear zoue sugeests thact it was
associatad with isoclinal, recumbant folding overturned Lo the southeast.

An idealized diagram of the formatlion of th

, shaar zone, and accompanying
{ntrusion of basic sills, is shown in figuce 15. A laterx deformational
phase has folded the banded gaelss into 2 small syncling, which i3 noy 2%~
posed northwest of (Cebolla Pass.

A more racent fault i3 exposed in the Precambrian northwest of Cebolla
Pass. This fault strikes east-noviheast aud has faulted the oldar guaiss

2

to the northwest againsé the voungex amphibolite to ine southeast, The
fault plane dips about 50 degrees to the northwest. Its extension undex
alluvium on elthar side of 1ts exposure in the Precambrian, makes 1t impos-—
gible to determine whather this faclt is pre- or post-Paleozolc. However,
reverse faulting toward the east occurred during the Laramide deformation
[Baltz and Bachmao, 19561; this fault probably dates from that period of
crustal moverent,

Gmall faults of Precambrian ags, with displacements of several inches
are pressnt throughout the gnelss. Taule planes ace often delineated by

quartzn—feldspathic banding, .aad the plane of movement generally lies at
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o,

Flegure 15

Sehematlic diagram showiag, a] ovigin of shearv zone, b} intrusion of

bhasic sills adjacent to sheay zopea, znd ¢] folding of shear zmone, orv

banded gneiss, fnto small syncline.
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.

A. Closely gpaced parallel jointing ecast ot Lagle Pealk,

8.Joiatine in massive amohlbolite, in southwest part of map acea.
¥ N k4
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Figure 17,

Equal area projection of poles to joints in Precambrian rock units.
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a Llow anzle to Foliation.

",

Two types of jolntlog wers neasarad ifo the field, A Llacge wail-

definad jointingy forms surfaces, commonly iu two direccions

at yvigho anales o esach oiher, The spacing ranges

gevevral hundred feet. Closely spaced, pavallel jolacs,

The few measursments of fold clsavagze, plocted on tha srersoscaphic

_,.
T
o

net, did not deviate from the wrientabion the lacse-scale jolating,

thatelore, all jolnis were plotted on tha same equal avea netffiguve 17].

'

the strike of the Jolaks is peerpandicular Ko the trand of che
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GROLOGIC HISTURY

During Precambrian time, arkosic sandstones, perhaps derived from
an older metamorphic or igneous complex, interbedded with locally iron-
rich quartz aresnites, and aluminous shales, were 1aid down as part of a
sedimentary sequence.

Later, but still during the Precambrian, isoclinal, recumbent fold-
ing, overturnad to the southeast occurred, as evidaencaed by mesosconic
folds within the gneiss and mantling units. The quartzo-feldspathic
bands which outline these folds, indicate that this period of deforma-
tion was accompanied by me tamorphic conditions intense enough to produce
a migmatlitic gneiss from the arkosic sandstones in the sequence, Lron=-
rich quartz arenites were rransFormed to wagnetite-bearing quartzite beds,
and aluminous shales were metamorphosed to muscovite schisti.

A decrease in pressure and temperature, and the presence of a stress
field with an orientation simllar to that responsible for the earliar
folding, produced an east-northeast trending shear zone in the northwest
part of the map area. Adjacent to this zone of weakness, and in other
parts of the sequeace, gabbroic sills were intruded,

Subsequently, but still during Precambrian time, a second period
of deformation, charactertzed by broad domal structures trendiﬁg north-
east-southwest, predominated, and is also responsible for the small syn-
cline in which the banded gnelss occuts. This deformational phase was
accompanied by meramorphic conditions as high as the amphibolite facies,
as the gabbroic sills were matamorphosad to amphibolitas. This later

period of metamorphism obliterated the cataclastic texture of the
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shenr zone and accenbuucad the wechanical diffavenciation producad by

shearing., The baunded paeiss 13 thus thae resalt of processas of

it

sheaving
and reervgtalllization.

In tne waning stages of ehe latest Precambreian deformation aad me o
merphlsn, wuscovife-~rich pegmatine dikes dncruded the sequence vavallsel
to foliacion., & schemaiile diagram of the sequence of avaacs dariag

Precasbrian time i3 shown in Elouce 13,

s analvsls [Graham, Shell nubl. 4291 of orthonlase

A rubidiun-stvoni
from a corsz of the basemenc, from a well seven wmiles northesst of Cuada-

Jupita, indicates an age of approximaraly L billioa vears, Goadalupilta

18 apvroximately L4 miles vorth of Mora., According to Grauam, The core

e

gonple is similac 2o the biotite guelws in the Mora arsa.  This due sub-

_
2
.

ambrian i ags.

stantlates the suppositcion that the setamorphism is P

In late Pracambrian and eacly Palsozole time the arsza was evodad,
and subsanquealtly, a sequence of Lace Paleozoic limestones and sandscones
was deposited on thé Pracambrian rocks.

buring the Laramide Jdeformacion, revercrse Faulting to the aast ocouc-
red, The faulr axposed aorch of Cebolla Pass probably dates Hrom this
period of defotmation.

=

Slace that rtime, evosion has beeu dominant in this part af the Sangra

de Cristo Mountains, stripolog away the wmantle of Paleozoic sedinmants

L0 expose tna Precambrian ia the X1 Oro Mountains, A thin cover of allu-

viuvm was deposited dn the vallevs,
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