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Abstract

Precambrian rocks in the Purned Mountain=Hopewell Lake
Area, northern Rio Arriba County, New Mexico are covered by
a thin veneer of Tertiary and Cuaternary roc¢ks, The
Precambrian rocks have been Tetamorphosed to the lower
temperature range of low grade metamorphlsm and have
undergone multiple periods of ceformation, The first two
periods of deformation resultec in tight te isoclinal folds
and the third in a crenulation cleavage, The first set of
folds trends N 30=40 W, The second set trends ¥ 70-80 W and
plunge from 10 to 4% degrees to the west, The late stage
crenulation cleavage is widely spaced and trends N 20 W to
H 20 E and dips from 50 to 90 degrees, The oldest rocks
recognized in the area are a seéqguence of mafic schists,
interpreted as metamorphosed mafic volcanics and
volcaniclastic sediments, The Burned Mountain metarhyolite,
interpreted as an ash=flow tuff, unconformaply overiies
these mafic rocks, 0Overlving and interbedded near the base,
with the metarhyolite 1s a sequence of feldspathic
metasediments, largely metasubarkoeses, but alsc minor
conglomeratic lenses, South of the N trending vVallecitos
Vvalley Fault, is a thick seguence of vitreous qguartzites,
tentatively interpreted as the youngest Precambrian rocks in

the area,
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buring the second perios of deformation a grancodiorite
5111 (or sills) was intruded into the supracrustal sequence,
developing a weak to moderate foliation and a lineation
defined by knots of biotite, Very late in this same
deformational episode the grénlte of Hopewell Lake intruded
the supracrustals and the lineated granodiorite, but itself

developed only a very weak foliation,

Whole=rock geochemical analyvses of selected rocks from
the study area allow & tentative classification of the mafic
Moppin series rocks as subalkaline tholeiites, Two of the
intrusive granodiorite bodies plot as trondniemites on
Barkers (1979) An=Dr=Ab classifications diagram, The third

intrusive plots as a granodiorite on this sanme diagran,

Hydrothermal sﬁltide replacement veins and gold=bearing
gquartz veins are Common throughout the area, but were not
examined closely in this study. The host rocks are
exclusively Precambrian in age and the mineralization is

pre=Tertiarv,

The most likely tectonic setting for the Precambrian
rocks in the study area and rost consistent with other
Precambrian terranes in northern MNew Mexico and southern
Colorado is one of early extension, followed by compression,
Fiither a back=arc basin or an aulacogen which has been
compressed would be consistent with the observed geology in

the northern Tusas Mountalns.
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INTRUDECTION
LOCATION

The study ares is located in the Tusas Mountalins
approximately 20 miles west of Tres Piedras, New Mexico, on
U,8, Highway 64 (Fig, 1), The area encompasses
approximately 17 sguare miles in the Carson HMational Forest
and on private Lané.; It lies between north latitude 36 38°
and 36 44° and west longltude 106 107 and 106 17° on
portions of the Burned Mountein (7,5=min,) and Cebolla
(15=min,) guadrangles, Flevatlions randge from 9,000 to

106,200 feet,

PURPOSE

The purpose of this study was to map, describe, and
determine the geolegical history of the Precambrian rocks
exposed in the area outlined in Figure 1, Emphasis was
placed on the Moppin series, Burned ¥ountain metarhyolite,
and the subarkoses at the base of the Kiowa Mountain
formation, The mapping is sUpplemented by petrographilc and
limited geochemical andlyses, The major objectives of this
study were:

1) to subgivide the Moppln series rocks on lithological
and/or textural criteria;
2) to delineate and trv to establish a4 source area for the

Burned Mountain metarhvolite;
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3) to examine tne stratigraphbic relatlonsnips of the
Moppin series, Burned Meuntailn metarnvolite, and the
Kiowa subarkoses(feldspathic metasediments);

4) to define the Precanmbrian structural and metamorphic
history of the area;

5) to speculate brieflv on tectonic setting and
similarities to other Proterozoic terranes in northern

Hew Mexico and southern Colorado,

PREVIOUS WORK

The first general geolo9ical study of the Precambrian
rocks in the area was made by Just £1937), who mapped from
north of Jawbone Mountain to south of 0lo Caliente and named
the major Precambrian units, tarker (1958) mapped Lhe Las
Tablas (1%=min,.) gquadranale, which has since been divided
into 7,5=min, sheets, the northwest one being the Burned
Mountain guadrangle, He redefined and renamed many of
Just®s units, Doney (1968) marped the Cebolla guadrangle
using Barker’s units, Hutchinson (1968) mapped
approximately 16 square mile$ In the vicinity of Burned
#ountaln as part of a Master’s Thesis at Colorado School of
#ines, In 1968 Bingler complled a map of Rio Arriba County
after completing a map of the La Madera (7,.5=min.)
quadrangle (SE of the study &area) in 1963, HMcLeroy (1970)
subdivided part of the Moppin Eeries 1n the vicinity of
Tusas Mountain as part of a cdetailed study of a banded iron

formation, Kent (1980) mapped approximately 15 sqguare miles
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immediately adjacent to the soUtheastern border of this
study area as part of a Master”s Thesls at New Mexico
Institute of Mining and Techhology, Uther work reflecting
aspects of mineralization, PreCambrian declogy,
geochronologv, and/or geocheristry in the Tusas Mountalins
includes: Barker (1969p); FEBarker and Friedman (1%74);
Bendovsky (1945%): bertholf (1960); Gressens (1975, 1976);:
Gressens and Stensrud (1974a, 1974b); Hovorka (1978);

Lindgren and others (1910); Lonao (1972); Jahns (19482,

METHODS OF INVESTIGATION

The author spent approxlimately four months mapping the
study area at a scale of 1:14000 on maps enlarged from
J.,8,06,5, guadrangle maps, Face and Compass Lraverses were
used in areas of heavy foliation and a Thommen altimeter was

used on a limited basis,

Fiftv=8ix of ninetv=one rock samples collected were
selected for the making of thin sections, They were
examined petrographicaly using a Zeiss polarizing
microscope, Plagloclase compositions were determined using
the Michel-Levy method (Kerr, 1959), Ten whole rock
geochemical analyses were obtalned by atomic absorption
methods under the supervision ¢f Lynn Brandvold in the labs

of the New Mexico Bureau of Fires and Mineral Resources,



O

(51}

The Hew Mexico Institute of Minino and Technolouy®s
Dec20 computer system was used to @re§a:e, edit, and print
thnis manuscript, It was alsc used to compute CIPW norms

from the geochemical analvses,
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PHANEROZULIC GEDLOGY

IMTRODUCTION

The study area contains only Precambrian, Tertiarv, and
Guaternary roc¢ks, 1f rocks of any other age were ever
deposited they were removed by subseguent uplift and
erosion, The area lies on the NW=5FE Urending Brazos uplift
which extends from near the Coloradoe border south to Ujo
Caliente and from Tierra Amarilla east to Tres Piedras, It
is flanked by the Chama~San Juan pasin to the west and the
Rio Grande Rift to the east (see Fig., 4). The information
that follows comes principally from Doney (1968), Bingler
(1965), Barker (195%8), Muenhlberger (1960, 1967, 1968), and

doodward (1974),

PALEOQZDIC ERA

The area of this study must have been positive during
most 1f not all of the Paleozolc, OGutcrops of Paleozolc
rocks are absent in the general area until well into the
Pennsylvanian, 1In the adjacent Cebolla guadrangle, unnamed
Pennsylvanian marine arkosic sandstones, siltstones, and
limestones thin onto the Brazos uplift north of Tlerra
Amarilla along Chavegz Canvon (Muehlperger, 1967), suggesting
the area of thils study was high through Pennsylvanian time,
There is no evidence that Permlan rocks were deposited in

the area,
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MESOZOIC ERA

Uplift and erosion lasted well into the Triassic Period
as evidenced by the disconformity or unconformity between
the Precambrian=Pennsylvanianr-Fermian and the Triassic
Chinle east of the study area, Fosslls of land vertebrates
in the Chinle, of a type assoclated witn alluvial flood
plains, suggest the Tusas Mountains were still a positive
iand area through the Triassic (Doney, 1968), The Jdurassic
Entrada formation unconformably overlies the Chinle
indicating uplift at that time. The Todilto and Morrison
formations, also of Jurassic ade, seem Lo overlie tne
gEntrada conformably, A periocd of eresion ensued at the end
of the Jurassic and lasted untll the transgression of the
Cretaceous seas with their basal Dakota formation, which
lies directly on the Precanmbrian In the Brazos Peak
gquadrangle to the northwest (Muehlberger, 1968), The
Cretaceous seas continued thelr southeastward migration
depositing the Mancoes shale &nd possibly the HMesaverde
Group, but it is impossible to say if any MesozoliC rocks
were deposited in the study area because of subseqguent
erosion during and feollowing the Laramide orogeny, The 3an
Juan basin formed as the San Juan and Tusas Mountains were

uplifted along a line coincident te thelr present positions,
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CEROZOIC ERA

The Laramide orodeny with its accompanying uplift and
deposition of volcanic and sedimentary rocks continued
through the Eocene, The area 0f this study continued as a

topographical high,

The Oligocene~iiocene El Eito conglomerate (Barker,
1958) was deposited across the area by streams and 1s the
pasal unit overlying the Precarbrian in the study area, It
is composed of wellwcemented Precambrian pebbles, gravels,
and boulders (see Fig, 3), 1t crops out along Long Canvon
and along the tributaries to Placer Qreek in Eureka Canyon.
The Ritito conglomerate (Barker, 1958) overlies the El Rito
disconformably and is made up of Precanbrian pebbles,
gravels,and boulders, but has & poorly sorted and cemented
matrix of gqguartz sand, The disconformity is attributed to
rifting along the Rio Grande t¢ the east (Doneyv, 19683, The
Ritito conglomerate can be found across most of Lhe area,

north of the Vallecitos Vallev.

linconformably overlving the Ritito are the vpoorly
sorted sandstones, peoorly cemented conglomerates, tufiaceous
gravwackes, and local basalts 0f the Los Pinos formation,
Isolated boulders of the Treasure Mountain rhyolite are
found in this unit, suggesting the rhyelite may have not

reached this far soutn,
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Figure 3

Basal Tertiary Unit, the El1 Rito Conglomerate, picture taken
of outcrop west of Long Canyon in section 36 T.29N. R.6E.
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Guaternary alluvium is found along all stream beds in
the area and colluvium is abundant on many slopes, covering
much of the area’s Precambrian outcrops. Glacial deposits
are present in and around the study area, Smith (1933)
recognized two periods of glaclation in tnhe area, The
oldest is represented by the Guaternarv glaclial till formed
by a piedmont rather than a valley glacler, 1This till was
deponsited on a peneplain of early Pleistocene age, FErratics
of guartzites up to 5 weters lonu can be found, Landslides
of this losely consolidated till have covered many of the
slopes where Precambrian rocks should outcrop. The second

glaciation is represented by U=shaped and handging vallevs,

GQuaternary (%) boulder tields in the area contain laroge
rounded boulders of the adiacent Precamprian rocks, usually
guartzite, The origin of and the relationsnips to otner

Guaternary rocks is not Known,
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PRECAMBRIAY GEOLDGY

THTRUDUCTION

ROCK HOMENCLATURE

The most commenly used names for rock units in tne
Tusas Mountains were propoesed by Barker (1958) who renamed
many of the units first descrived by Just in 1937, Table 1
is a comparison of the rock hames used by Just, by Barker,
and those used in this study, Kent (1980) separated the
Maguinita granodiorite in the area east of this study into a

lineated granodiorite and the dranodlorite of Spring Creek,

Many of the original teXtures and structures are
preserved in the Precambrian Rocks of the study area and
where there is little doubt as to the original rock type,
original igneous or sedimentary names are used In lieu of
metamorphic cones (examples; metarhyolite instead felsic
schist, and metasubarkoese instead of feldspathic

metasediment. Metamorphlc names are used when the oriaginal

~rock type is not obvious or there iIs some doupt.

REGIDNAL PRECAMBRIAN GEOLOGY

The map area is situated along the crest of the Aragzos
uplift, Precambrian rocks are exposed along the axis of
this high from the Colorado btorder where they crop out from

peneath the Tertiary volcanic rocks of the San Juan velcanic
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Tarle 1

Precambrian Rock dHomenclature
Northern Tusas Mountains

Just (1237) Barker (1958) This Study

Maguinita Lineated
Granodicrite Granodiorite
Tusas Granite
Tres Pledras Granite of
Granite Hopewell Lake

Kiowa Mountain Freldspatnic
Formation Metasedinents
Ortega Quartzite Vitreous Quartzite

Urtega Quartzite

Vvallecitos Bmurned Mountain purned Mountain
Rhyolite metarhyolite metarhyvolite

Hopewell 3eries Moppin Metavolcanic Moppin Series
Series
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field to 0jo Caliente where Sediments of the Rio Grande rift
onlap the uplift, Precambrian rocks In this study area,
crop out best along streambeds and canyons bul outcrops can
be found almost anvwhere, Precambrian rocks crop out over

approximately 10 percent of the area,

Precambrian rocks described in tnis study have been
subjected to at least two pericds of major detormation, Low
grade metamorphism is evidencet by the mineral assemblage
chlorite=albite=muscovite in the mafic volcanics of the
Hoppin series (Winkler, 1979), Metamorphism of up to lower
amphibolite facies (oligoclase, stauroclite, kyanite, garnet)
is developed to the southeast and northwest of the study
area, indicating an increase in metamorphic qarade to the

northwest and southeast,

Trondnijemites that intrude the Moppin series north of
the present study area, have been dated at approximately 1,7
beVe (Barker and others, 1974), Syntectonic dgrancdlorites
are present throughout the reaglon, Younger granites intrude
both the granodiorites and the supracrustal rocks, Late
quartz veins cut all of the ro¢ks in the area and pegmatites
appear to the southeast and beCome more numerous as one

progresses Iin that direction.

Mineralization in the forp of guartz and replacement
veing occurred somebtime after intrusion of the last

granites, Weathering of the mineralized veins resulted in

placer deposits along some stream vallevs in the area, The
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mineralization is pre=Tertiary in age, as the lower most

Songin”

Tertiary unit contains cobbles and boulders of mineralized

Precambrian rock,
GEHERAL STRATIGRAPHY OF THE BUENED MOUNTAIN AREA

Field relations suggest that the mafic rocks of the
Hoppin series predate all otrer rocks in the study area,
They are unconformaply overlain by Burned Mountain
metarhvolite and/or feldspatnic metasediments with pebbly

norizons near theilr base,

The HMoppin series is composed of mostly mafic rocks,

mainly now guartze=muscovite-chlorite scnists that contain

-

thin (1 to 5 mw) lenses of calCite, epidote, and sericite,
Scnists containing megacrvsts (probably relict phenocrvsts)
are present but not common, Approximately eighty=five
percent of the Moppin is made Up of tnese mafic schists,
Ten percent of the rock in the Moppin series is felsic
schist, A diabasic textured mafic unit and a condglomeratic
unit with phvllitic clasts in & nmatrix of muscovite and
Y _ghlorite each comprise approximately 2 to 3 percent of the =

Hoppin series in the study ares,

Qverliving the Moppin series is a porphyritic felsic
schist with relict euntaxitic téxture and inclusions of
rounded chert pebbless here called the Burned Mountain

o metarhyolite, The metarhyollte is locally interbedded with
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pebbly metasubarkoses. Altheoush it typically underlies such
rocks, This unit can be trated more-or=less continuously
along strike over much of the study area, varying in
thickness from 10 to 100 meters, Pebbles and cobbles of
this distinctive metarhvelite Dave been found in the
aoverlyving metasedimentary cohglomerate lenses although they

are not abundant,

Also overlving the Moppin series, is some places
directly, are a series of feldspathic metasediments of whicn
subarkoses comprise approximately BO percent, Febble
conglomerates with guartz, chert, rare mafic clasts from the
Moppin, phyllitic clasts, ano Ielsic cobbles from the Burned
Mountain metarhbyolite make up approximately 15 percent of
the feldspathic metasediments, Near the pase of the
subarkosic unit is a phyvllitic unit and banded gquartzite
unit which together make up 1 to 4 percent of the
feldspathic metasediments, ¥inor amounts of
microcline=muscovite~duartz schist are present near the
base, The amount of guartz in a sample of feldspathic
metasediment increases as yoU Jo stratigraphicaly upwards in
the seguence, Stratigraphic facing can be determined in

this unit by araded bedding and in places by crossbedding,.

The stratigraphically youngest Precambrian unit in the
wmap area is a vitreous guartZite {interpreted by Barker
(1958) as being both older and younger, elsewhere In the

Tusas Mountains)i, characterized by well=developed
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crosspedding and forming rounded, promninent outcrops, The
gquartzite is separated in this study area from the
subarkoses by the porthwest-Trending Vallecltos Valley fault

which runs the length of the area,

Two types of intrusive roCks cut the supracrustal
succession in the northern Tus&s Mountains, syntectonic
granodiorites and mainly post tectonic granites, The
granodiorites were collectively termed the Maguinita
granodiorite by Barker (195%8), although the present study
nas ldentified two textural &an¢ compositional varieties,
Barker®s Tres Piedras granite 1s represented locally by a
swall pluten that crops out arcund Hopewell Lake and In this

study called the granite of Horewell Lake,



O

i

(182
STRATIGRAPHY

MOPPIN SERIES

Field relationships in the study area indicate that the
oldest rocks are the woppin series, Five distinct
lithologies can be recognized within the Moppln on the baslis
of mineralogical apd/or textural differences, and three are
abundant and/or continuous ehough to be mapped as separate
units iIn this study, They are a quartze=muscovite=cnlorite
schist (B0 percent of Moppinl), a felsic schist (10 percent
of Moppin), and a waficwconglomeratic schist (5 percent of
Moppin), The base of the lMobplin serles is nowhere exposed,
The best exposures of the series are in the southeastern
portion of the field area (s€¢e Plate 1). RNear the
intrusives (granodiorite and granite) the Hoppin series
&accﬁes undividable because of appearance of plagloclase and

gquartz crystals,

Quartz=muscovite=chlorite schist, the most common rock
type of the doppin series, 18 dark green to greenish=gray,
well=foliated, and crops out as low Knolils, It 1s most
abundant in the eastern portions of the field area, In some
localities, the rock contains, sheared Knots of muscovite
and calcite, HMegacrysts (relict phenocrysts 7) of
plagioclase are common and have chlorite and muscovite
wraped around them, HMagnetite euhedra up to 2 mm are common

as is iron staining, The rofk breaks along cleavagdge planes,
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The plagioclase megacrysts where not alltered or crushed
beyond recognition range up to 1,5 cm in length, This rock
is composed of quartz, muscoVite, chlorite,
sodic~plagioclase, and calcite with minor

epidote/clinozoisite and actinolite/tremolite,

These YoCks were probapbly esplaced as matic £lows or
volcaniclastic sediments derlved from the flows, LackK of
distinct primary igneous or sedimentary features make a
guantitative estimate of flow Versus metasediment difficult,
Megacryst=bearing mafic rock comprises 60 to 75 percent of
the gquartze-muscovite=chlorite schist, whereas megacryst=free

schist comprises 25 to 40 percent,

The second most abundan® Tock type in the Moppin series
is a felslc schist, It occurs as a single stratigraphic
horizon within the mafic schists, The felsic schist®s exact
stratigraphi; position withir the Moppln series is aifficult
to determine due to lack of stratigraphlc markers and
possible folding, 1t is fauné in tne northernmost exposed
portions of the Moppin, where 1T 1s very poorly exposed,

occurring mainly as float,

The felsic schist has phehocrysts of rounded blue
gquartz (2 to 5 mm) in an aphanitic groundmass, It 15 well
to moderately well-foliated and breaks alonyg these cleavage
planes, This schist 1s compCsitionaly layered with mainly
gquartz, potassium feldspar, an¢ chlorite crystals, Knots of

cnlorite are streteched in the plane of feollation and
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strongly altered relict plagloClase megacrysts are very
rare, The aphanitic matrix 18 composed largely of guartz,
potassium feldspar, and wuscovite with minor epidote and
albite, Maunetite and hempatlte are cCommon accessory

minerals,

The author‘s tentative interpretation of this rock is
that it is a reworked tuff, rossibly a distal facies of the
Burned Mountain metarhvolite errplaced in the Moppin series
tectonicaly, No relict glass shard remain however, The
chlorite and plagioclase could be detritus from underling

mafic rocks or altered products of oriaginal minerals.,

The third and swallest Fappable unit in the Moppin
series is a conglomeratic matic schist approximately 3
meters thick (see Fig, 43, This well=follated rock Crops

out along Rock (Creek in section 16 T,28E, R,7TE, as

rounded=elongate knolls, It breaks along the well developed

foliation planes, Fragments of well~=foliated light=aray
phyllite are contained in a ratrix of dark-~green to
greenisn=gray schist, The frauments are flattened and
stretched and define a stron® lineation in the plane of
foliation, Only phvllite fragrents are found in this unit
and sorting is poor, These Iragments comprise approximately
40 percent of the rock and réente from a few millimeters up
to 12 cm in length, The matrix is composed of quartz,
muscovite, chlorite, and mincr albite and epidote, Tne
phyllite fragments are made Up of mainly gquartz and

muscovite with only minor chlerite and epidote,
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Figure 4

Photograph of Moppin conglomeratic mafic schist
From along Rock Creek in sectiom 16 T.28E. R.TE.
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The fragments (pebbles 7) in thnis metaconglomerate
probably originated by high energy erosion of a slightly
more silicic sediment than the average Moppln volcaniclastic
sediment, Tné source of the phyllitic pepobles (probably
originaly a mudstone or siltstone) must have veen fairly
near or the pebbles would have disintegrated Into sand or
mud, However no phylliitic urit similar to the pebbles was

observed In the study area,

Two additional rock types are present in the Moppin
series, but are not continuous or apundant enoudh to map as
separate units, The first is & massive to weakly follated,
porphyritic dark=~dgreen to graéylsh rock with relict diabasic
texture, It crops out in sparse discontinuous low=rounded
knolls, This rock breaks alene its very weak follation
planes, The discontinuous outcCrop pattern and lack of
marker horizons in the surrounding greenschlsts make contact
relationships difficult to interpret, but this rock is
tentatively thougnt to be intrusive, This scnhnist 1s usually
padly altered and/or weathered. It is composed of
sodic=plagioclase, chlorite, and guartz with minor
epidote/clinozoisite, Magnetite and nematite are common

accessory minerals,

This rock was probably e€mplaced late in the Moppin
series history as shallow diabasic intrusives of the same

material that was bheing extrudeg onto the surfsce as flows,
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The second minor unit, Yoo small to map, CQCUrs near
the top of the Moppin series., It is a well=foliated
chloritee-guartze=muscovite schist, It is found as fleat or
as rare low, angular outcrops., The rock breaks along
cleavage planes and contains rére magnetite octahedra (1 to
2 mm), This schist®s constituents are all fine agrained and
approximately equal in grain size, MOst likKely the rock 1s
of sedimentary origin, such 25 a silt or shale deposited in
a fairly low energy environment such as a flood=plain or

lake,

BURNED MOUNTALN METARHYDOLITE

Overlyving the Moppin Series is a porphyritic felsic
séhist, in this report called the Burned mMountaln
metarhyolite, It is interbeaded with pebble condglomerates
and feldspathic metasediments and crops out across the
entire study area, Excellent outcrops can be seen on the
south side of Burned Mountair (Sec, d, T,284, R,7E,) and
along Sheep Gulech (Sec, 22, T,288, R.7E,), Barker and
Friedman (1974) report a U/Pb Zircon age of 1715 to 1765 for

this rock,

The Burned Mountain metarbyolite and/or feldspathic
metasediments apparently overly the Moppin serles with a
slight angular unconformity, although tnls contact was never
observed in the present study &rea, Scme lines of evidencCe

that support such an interpretistion are:
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1) Truncation of #oppin series stratigraphy against the
contact (Kent, 1980), Lack of any recognizable bedding
near the top of the Moprin in this study area preventied
the author from making the same interpretation;

2) Pebble conglomerates inhterbedded with the Burned
Mountain metarnyolite sugcest uplift and erosion
nearby, during deposition of the metarhvolite, altnangh

no Moppin series pebblef® nNave been identifled,

Multiple outcrops of metarhvolite are present along
Sheep Gulch and Rock (reek where they are separated by

arkosic sediments and pebble conglomerates, These norizons,

which range from 10 tc 100 meters in Lhickness are

interpreted as a single horizon repeated by folding (see

structure section and Plate 1).

Burned Mountain metarhyollte outcrops displays bold,
brick red to grayisn=pink, maéssive to weakly folliated
weathered surfaces, The rockX breaks with uneven surfaces and
is characterized by an aphanltlic groundmass with 40 percent
relic phenocrysts of rounded blue quartz and subhedral
potassium feldspar in roughly egual amounts, Light=gray or
light=red phenocryst=bearing, aphanitlic lenses are
interpreted as flattened pumlce fragments, Inclusions of
rounded red=chert pebbles (2 t¢ 5 om) are rarely present
near the base (see Fiy, 5), 7This rock is composed of
quartz, microecline, muscovite, with minor plagloclase,

Magnetite and apatite are coFmOn as accessory minerals,
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Figure 5

Rounded red chert cobble from near the base of the Burned
Mountain metarhyolite. From south side of Burned Mountain,
section 8, T.28N. R.T7E.
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This metarnvolite is interpreted in the area nf Lhis

report te he extrusive, probsably an ashe=flow tuff, The

folliewing evidence is consistert with an extrusive, ash=flow

origin for the Burned Mountaln metarhyolite;

1)

2)

3)

4)

5)

There is no evidence in the study area or nearby that
the Burned Mountain metarhyollte has intrusive contacts
as previously reported (Barker, 1958; Hutchinson,
1968),

The limited but consistent stratigraphic position of
the unit is consistent ¥ith an extrusive mode of
emplacement,

Extensive lateral continuation along strixé is common
for ash=flow sheets, bul rare in silicic flows,

Pebble and cobbles of tre metarhyolite in the overlying
pebble conglomerates sudgest the unit was avallable o
weatnering soon after erplacement,

Eutaxitic textures are rot uncommon and are well

exposed on the south side of Burned Mountaln (see Flg, &),
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Figure 6

Pumice fragments (lighter pink lenses) in the Burned
Mountain metarhyolite. From south side of Burned Mountain,
section 8, T.28N. R.T7E.
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FELDSPATHIC METASEDIMENTS

Interhbedded with and overlving the Burned Mountaln
metarhvolite is a seqguence of feldspathic metasediments,
Five distinct units are recodnlzed, but only two are
abundant and/or continuous erough to pe distinguished at the
present map scale, They are the metasubarkoses and

metacondglomerates,

A massive to follated metasubarkose (as classifled by
pettijohn and others, 1973) crops out across the entire
study area, It comprises aprroximately 80 percent of the
area mapped as feldspathic metasediment, 1t forms massive,
rounded to angular xnébs and knolls and exhibits
graded=bedding and crossheddlng f(see Fig, 7), This rock
weathers dark=gray to gray ard breaks along follatlion planes
when they are present, It is lighte~gray on a freshly broken
surface, Bedding ranges fror & few centimeters up to a
metef in thickness and is both lenticular and tabular,
Crossbedding is enhanced by Tthe concentration of magnetite
grains on bedding planes, Gradede~pedding is not uncommon
with guartz grains rancing f£ror 1 mm up to ¢ ¢m in diameter,
This rock i3 composed largely of qguartz with muscovite and
potassium feldspar being common in minor amounts. Epidote,
magnetite, and hematite are cofmmon accessory minerals and
together may make up as much as 5 percent of Tthe rock,
Average graln size is approximately 1 to 2 mm, but a wide

range is common,
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Figure 7

.Crossbedding in the metasubarkose from outcrop on southwest
flank of Burned Mountain, section 8, T.28N. R.TE.
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long and 5 to 10 meter thick, discontinuous lenses of pepble
conglomerates are common and make uUp as nmuch as 15 percent
of the feldspathic metasedimentary sequence, The pebble
ccngiomerate crops out in much the same fashion as the
metasubarkoses, The Ccobbles and pebbles are milky guartz,
chert, felsic schist, and phvllite, The phyllite pebbles
are stretched and flattened 1In the plain of foliation and
the chert and quartz pebbles and-cobbles are subrounded to
angular and have not been deformed, The pebbles and Cobbles
occur in varving amounts in aditferent lenses, Phyllite,
quartz, and chert are much more common than the other
lithologies. The flattening and stretching of the phyllite

fragments results in a well=ceveloped lineation (Fig. 8),

The matrix material of these meétaconglonerate lenses ié the

metasubarkosic material found in the surrounding rock,

Thin sections of phyllite fragments perpendicular to
foliation exhibit two foliatlors, These fragments seem 10
preserve an earlier deformational episode pbetter than the

metasubarkosic matrix.

Both the metasubarkoses ahd the metaconglomeralte lenses
are interpreted as a seqguence of sediments deposited on the
flanks of a rapidly rising upllft, Rapld erosion of the

Burned Mountalin metarhvollite ard the doppin series 1s
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Figure 8

Subarkosic metaconglomerate (stretched pebble conglomerate)
from Rock Creek Drainage, section 9, T.28N R.TE.
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evident by tne congloweratic fragments, Streanms of
moderately high energy picked up fragments of these and
other rock types and deposited them fairly sgon &8s enerday
levels dropped, Gradedebeddin® and crosspbedding could both

occur in such an environment,

The distinct compositional disparity between the
feldspathic metasediments and the underlyﬁna mafic Moppin
series rocks (marked bv the Burned Mountain metarhyolite)
must somehow be eXplained, 1t does not seem possible that
erosion of the metarhyelite, at least of the thickness
observed in the study area, Could supply all the material
now found in the feldspathic metasediments, Lf however, tLhe
area of this report lies along the distal edue of a large
felsic eruptive center (represented nhere by tne Burneag
Mountain metarhyolite) the méterial for the feldspathic
metasediments could have been derived from the weatnering of

falsic voleanics nearer the center of vﬁlcanic activity,

Interbedded with the metasubarkoses and conglomeratic
lenses are three additional rock tyvpes that are nol apundant
or continuous enough te map &t the present scale, They are
a4 banded guartzite, a guartz-muscovite schist, and a
microcline=muscovite=guartz schist, These minor rock types
are best exposed east of Rock CUreek in section 9, T,.28H,

Re7E,
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The banded quartzite and The quartz=muscovite schist
are always found associated ®ith each other, Helther ever
attains a thicﬁnesé of more than 1 meter and poth are
fine=grained, The banded gquartzite is characterized by
thinly banded laminae of aquart? enhanced by red, brown,
and/or dgray fine grained min&rals;'praﬁably some combination
of magnetite and hematite, The guartz=muscovite schist has
a near phyvllitic luster and 1s well=follated, The
microcline=muscovite=quartz schist is fine drained, minor in
extent, found near the base ©f the feldspatnic metasediment
sequence, and occurs as masslve to moderately foliated, gray

to brownish=gray outcrops,

The bandedeguartzite and the quartzemuscovite schist
might possibly represent locallzed areas where fine grained
{indicating low energy environrent) sedinmentary material was
deposited, such as small lakes or flood=plains, The
microcline=muscovite-gquartz schist would pe expected near
the base of a feldspathic sedimentary pile that becomes

increasingly quartz rich as You go up sStratigraphicaly,

VITREOUS QUARTZITES

In fault contact with the feldspathic metasediments 1is
a sequence of ?urplisﬁuqray to blue=gray, poorly foliated,
well crosshedded, vitreous glartzites, They cCrop out as
pold, smooth, massive, angular to rounded knolls and bluffs,

The crosshedding is enhanced by magnetite grain
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concentrations on the fore-set bedding planes. Graded
pedding is not uncommon, The rock is composed almost

entirely of quartz with minor magnetite,
The relationship of the vitreous guartzites to tne

feldspathlic metasediments is not entirely clear, West of
the study area, in the Brazos box, the metasubarkoses appear
to grade stratigrapnically upward into relatively pure
quartzites, Although these twe rock types display a fault
contact (or one covered by alluvium or colluvium) everywhere
in the present study area, trhere is still some evidence that
supports such a oradational relationship:

1) The guartz content of the metasubarkoses increases in a
stratiagraphic upward direction,

2) Graded bedding and crossbedding in both the guartzites
and the feldspathic sediments indicate stratigraphic
tops facing te the south,

3) Minor interbedded metasubarkoeses can be found with the
guartzites in sections 1 and 2, T,288, R,7E.;

4) Nowhere in the study area‘are the guartzites intruded
by any of the granitic intrusives,

This evidence 1s consistent ¥ith the guartzites being

vounger and possibly gradational with the metasubarkoses,
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INTRUSIVE ROCKS

LINEATED GRANODIORITE (MAQUIRITA GRANODIODRITE)

The oldest intrusive roCk in the area is a moderately
to strongly foliated grancdicrite, It intrudes the Moppin
series, the Burned Mountaln retarhyolite, and the
feldspathic metasediments, Farker (1958) named it the
Maguinita granodiorite for exposures along Maguinita Canyon
in sections 3 and 4, T,284, R.78, A Rubldiumestrontium age
of 1675 to 1715 m,y. has been reported by Barker and

Friedman (1974) for tnis rock,

The granodiorite is homogeneocus, dray to darke=dgrav, and
strongly lineated, The lineatlon and folliation are defined
by the distribution and orientation of piotite in .5 to 2 cm
knots, Contacts with the surrounding rocks are potn sharp
and gradational and everywhere parallel foliation., Contacts
are commonoly characterized by the development of a "breccia
zone" of country rock in a gratodiorite matrix which may be
as much as 150 meters wide, The granodiorite is somelimes
green near the contact, indicating contamination py Moppin
serjies rocks which have been assimilated by the 1nt:usiv¢,
The greenschists near the contact are altered by flulds from
the granodiorite making their ldentification difficult,
Xenoliths of greenschist are common and range from a few
gentimeters up to 100°s of meters in length near the

contact,
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GRANODIORITE OF SPRING CREEK

The granodiorite of Sprinc Creek 1is distinguishea from
the lineated granodiorite by the presence of prominent blue,
rounded, guartz phenocrysts, its reddishe=pink color, and the
rarity of piotite knots, Kent (1980) first recognized this

rock in an area immediatelvy east of tnis study area,

This granodiorite is moderately to strongly foliated,
The best exposures are along the middle fork of
Rock Creek (NW 1/4 of Sec, 15, T,28M, R.7TE.).
Inclusions of Moppin Series rocks are uncommon, but do not
reach the dimensions (5 to 1¢ om) found in the lineated
granodiorite, (Contacts with strrounding rocks generally
parallel foliation and are pboth sharp and g¢gradational as in
the lineated dranodiorite, but no "preccia zone" is
developed, Contacts with the lineated granodiorite are
gradational with biotite gracdually increasing as the guartz

phenocrysts disappear,

Rent (oral communication 1980) has suugested tne
granodiorite of Spring (reek may be a less deformed version
of the lineated oranodiorite, However other rocks in the
study area and to the southeast do not suggest a decrease of
stress in that direction, A greater stress in the lineated
granodiorite c¢ould nave recrystallized the quartz
phenocrysts into matrix quartz (Spry, 1979), The lack of

niotite knots still must be explained, Other
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interpretations are that this rock could possibly represent
a slightly different, biotite poor phase of granodliorite
intrusion, that, without the blotite dald not develop a
lineation, or that 1t may be a8 slightly younger phase, or

DoLh,

GRANITE OF HOPEWELIL LAKE (TRES PIEDRAS GRANITE)

This rock was mapped as a part of a pluton of the Tres
Piedras granite by Barker (1988), 1In tnis report it is
called the granite of Hopewell Lake for exposures on a hill
northeast of the lake and for dikes and sills in Eureka
Canvon below the lake, The Fllton Is eXposed over
approximately one sguare mile, It differs from the Tusas
Mountain Fluton of the Tres Filedras granite in that it is
more foliated and contains numerous xenoliths of Moppin

series rocks.

The granite of Hopewell Léke is a medium=grained,
porphyritic granite whose contacts are sharp and discordant
to a weakly developed foliatlon (See ¥igu, 9), It intrudes
the Maguinita granodiorite (thils contactl is not exposed
except in Eureka Canyon where alteratlion associated with
mineralization makes its recogrnition difficult), the
feldspathic sediments, and the Moppin series, Weathered
granite is pink, flesh=colored, or reddish=orange and

exhibits quartz phenocrysts stending in relief,
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Figure 9

Photograph of Undivided Moppin and Granite of Hopewell Lake
From hill east of Lake, in section %2, T.29N. R.TE.
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STRUCTURE ARD METAMORPHISH

STRUCTURE

GENERAL STATEMENT

The study area is located alonyg the crest of the Brazoes
uplift (Fig,., 10), Tnis upllft is bounded on the east by
the Chama basin and on the south and east by the Rio Granpde
rift (wWoodward, 1974), The uplift is dominated by
northvest=trending faults some of wnhich were downthrown to
the east durine Laramide tim€® and were later downthrown to
the west during late Tertiary (Muehlberger, 1960), The core
of the uplift consists of Précambrian rocks overlain by a

thin veneer of Tertiary volcéanlcs and sediments,

Precambrian rocks in the area of this study are amore
complexly deformed than was originally thought, Just,
(1937) reported one period of deformation; Barker, (1958)
reported one period of deformation; and Hutchinson, (1968)
reported one period of deforwation and a late stage slip
cleavage), Bingler (1965), hovwever, does report three
periods of deformation to the south of this study area in

the La HMadera guadrandle,

The Precambrian rocks ir the northern Tusas Mountains
nave been folded at least twlce, and as mentioned above,
possiply as many ag three tives, They are poorly to

well=foliated and some rocks c¢ontain two foliations, 2 lack
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of continuous primary stratigraphic indicators in the Moppin
greenschists make structural interpretation of areas where
they crop out diffjicuit, The feldspathlic metasediments and
the Burned Mountain metarhyeolite are botnh useful in
structural interpretations, The metasediments contain
stratigraphic indicators such &s graded bedding and
crossbedding and the Burned FMountalin metarhyolite is found
in only one stratiaraphic horiZon tnroughout the study area,
Some crossbedding in the feldspathic metasediments and
vitreous qguartzites has clearly been deformed (see Flg, 111,
nowever, and care should be Laken when using them to

determine stratigraphlc facing.

Several kinds of lineatlons are present in the
Precambrian rocks, Riotite kKnots are siretched aaé oriented
down the dip of the foliatioel In the lineated granodiorite,
schist fragments in the arkosic conglomerate units and in
the ﬁ@ﬁéin conglomerate are stretched and oriented down the
dir of the foliation, and plagloclase megacrysts In the
greenschists are ¢omm0§1y streftched and oriented in this

SAMEe WAy,

FOLDRING

Folding of the Precambrian units in the study area is
common,. Harker (1958) first delineated and nawed the
Hopewell anticline and the Kiowa syncline, which trend

northwest through the area, The axial trace of the



Deformed crossbedding in float block of metasubarkose. From
south side of Burned Mountain, section 8, T.28N. R.TE.
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anticline has lardely been obliterated In the study area by
the lineated granodiorite and the granite of Hopewell Lake
or is covered py Tertlary roCks, The trace of the
axial=plane of the svncline could only be tentatively
located because the only evidence of stratigraphic facing
comes from crossbedding, much ¢f which has been deformed,
and limited outcrop of Preca®prian roc¢k in the area, Its
supposed axial=trace is coverec¢ in the study area by
Tertiary and Quaternary rocks so 1its location is at best
only a guess, This structure sppears Lo have been truncated

to the southeast by the Vallecltos valley fauilt,

A syncline was mapped alohRg Rock Creek in sections 21
and 22, T.28N, R,7E, foldinrg (¥2) an anticline and
syncline formed during an earlier deformation (F1) (see Filg, 12
and plate 1), Both folding €plsodes are defined on tne
pasis of axialwplain foliatien cutting across original
hedding and changes of stratigraphic facing as indicated by
graded bedding in the feldspathic metasediments, Structural
data from this area is plotted on & stereo net (see Fig, 127,
The first series of folds is near=isoclinal, trends
¥ 37 W, The later fold trends N &8 ¥W and plunge 45 degrees to
the west, The fold axis of the second period of deformation
is correct only if the first period of detormation resulted in

the formation of planar surfaces which would be expected in
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very tight to isoclinal folds, The folds are truncated to
the west by the Vallecites Valley fault and to the east by
the fault of Sheep Gulch, The second set of folds 1is
tentatively thought to have be€n offset by the fault of
Rinker Lake énd to continue to the nortnwest in sections &
and 9, T,28N, R,7E, bpefore being agaln truncated by the
Vallecitos Valley fault, The second set of folds has
generaly the same trend as the Hopewell anticline and the
Kiowa Syncline but have much sraller wavelenaths (two to

three hundred meters).,

In the 5W 1/2 of sectior & and 9 and the NW 1/4 of
section 16, T,.28N, R,7E, (see plate 1) there 1s fold of an
earlier fold, The first fole 1s difficult to observe in the
field and was delineated lar¢ely on the basgis of stereo net
projections (see Fig, 13), The first deformational episode
produced a fold that is now trending s 38 W, The lineated
granodiorite postdates thils rerjod of deformation as
evidenced by the truncation of stratigraphy across the nose
of the fold, The second perlod of deformation produced
tight to isoclinal folds trending ¥ 80 w and plunging 10
degrees to the west and probably is responsible for the weak
to moderate foliation in the llineated granoadiorite, The
fold axis of the second pericd of deformation is correct
only 1f the first period of celtormation resulted in the
formation of planar surfaces which would pe expected in very

tight to isoclinal folds,
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FOLIATION

All Precambrian rocks ir the area of this study exhibit
at least one axjaleplane follation and many exhibit a
late=stage crenulation cleavagf at a nigh angle to the
dominant foliation, Portions ©f the Moppin series display
twn foliations that diverge from % to 35 degrees and may
represent two foldino events that were nearly coaxial, The
foliations are the result of a prefered orientation ot
tabular or elongate crvstals., The foliations strike #60W to
E=dW in the western portion of the area and N70W to WRBOE in

the eastern half,

Figure 14 is a pleot of 164 poles to fcoliation on a
Scnmit equal ares net, and represents measurements taken
from throughout the area of this study, 7This figure
suygests the foliation is a result of near=isoclinal folding
on a large scale with a near~vertical axial plane, 7Tnis
foliation is related teo the large scale folds found in the
area, the Hopewell anticline and Kiowa syncline of Barker
(1958), These folds are interpreted as peing formed bv the
second deformational episode reésulting in the well developed
and dominant foliation (32), 7This follatlon has largely
obliterated the foliation (81) formed by an earlier period
of deformation, The best evldence of this earlier period of
deformation (and foliation) 15 found in tne pebble

conglomerates of the feldspathlc metasediments and the mafic
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Figure 14

Equal area plot of poles to foliation from entire study
area; 2-4-6-8-12 % contours per 1 % area, 14 % max (n—1§7).
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schnist of the Moppin series, N0 widespread petrofabric
expression of a maijor third period of deformation was

observed in the study area,

The best evidence for an earlier period of deformation
comes from phyllitic pebbles it the subarkosic conglomerate
units, They have one megascoplic follation (S51) while the
conglomeratic matrix nhas two foliations, the dominant one
(82) beiné different than the one found in the phyllite
fragments, Thin sections of the suparkoslic conglomerates
show the phyllite pebbles actually display both follations
(see Fila, 15), Close examiration of some thin sections of
fioppin series rocks seem to sudgest that they may possess a
weak second foliation, probably 82 where it only effected
the rocks slightly after 51 nhad gliven them a well developed

foliation,

A third deformation has resulted in a widely spaced
(.5 to 1 ¢m) crenulation cleavage that is found in the
Precambrian mafic rocks, felsic volcanic and
microcline-muscovite~quartz schist (see Fig, 163, It
trends generally W 20 W to N 2C E and dips at 50 to 90
degrees to both the east and west, This crenulation

cleavage is found throughout the study area,
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Figure 15

Photomicrograph of phyllite fragment in subarkosic
metaconglomerate showing two foliations
(25X and crossed Nicols).
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Figure 16

Photograph of Moppin greenschist with late stage slip
cleavage. From along Rock Creek, section 15, T.28N. R.TE.
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LIHEATIONS

Various lineations were measured In the field and most
were found to be oriented normél to the strike of the
foliation and within the plare of tne foliation, Stretched
piotite knots in the lineatec dranodiorite are common as are
altered megacrysts in the greenschists of the Moppln series,
In the Moppin conglomeratic unlit and the metasubarkosic

conglomeratic unit the long &xls of phyllite fragments

define a strong lineation (see Fig, 17), Furthermore, the

fragments have their long axls oriented at various angles to
bedding planes, 1If the deformational history of the area
were simple (one deformational episode), this would suggest
that they are "a® lineations (Hobbg and oihers, 19758).
However, at least two deformational episodes nhave been
observed in this area so no cirectional movement should be
assianed to a lineation, unless the age of that lineation

can be clearly estaplished,

Figure 18 is an equal are& plot of 17 lineations from
throughoul the study area, The lineatlions form a maXxima
that coincides with a line fCrmed by the the intersection of

the axialwplain foliations (51 and 52).
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Figure 17

Photograph of subarkosic metaconglomerate with stretched
schist fragments forming a lineation. Finer-grained
metasubarkose displays well-developed crossbedding and
graded bedding. The main foliation in this sample is normal

to sedimentary layering. From east side of Burned Mountain,
section 9, T.28N. R.TE.
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Figure 18

Egual area plot of linetions from entire study area;
contours 5-15-35% per 1% area, 51% max (N 17). Maxima
falls near the intersection of two foliations.
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FAULTS

There are three major faults in [he area of this study,
411 offset Precambrian and Tertiary rocks, pul are largely

covered by Quaternary alluvium and c¢olluvium,

The Vallecitos Valley fault (named by Barker, 1958) 1s
the largest in the area both in terms of strike lengtn and
apparent displacement and treénds N 45 W (see Plate 1), It
crosses the entire area with little or no change in strike,
suggesting it is near=vertical, Vitreous qguartzite and
Tertiary rocks are found south of the fauit, These same
Tertiarv rocks make up the upper part of the Tertiary
section north of the ftault and the guartzites are probably
the uppermost Precambrian roCks in the area, This sugugests
that the most recent movewment along the Vallecitos Valley
fault was down to tne south, The fault zone itself is
almost never exposed although weak shear zones in Eureka
Canvoen and Long Canyon are probably related, The fault line
scarp is very obvious if obséerved from a distance (see Fig, 19),
and the Vallecitos Valley fault has controlled the
location of several valleys (LOng Valley, tne Vallecitos

valley, and Sullivan Park:; See plate 1),

The amount of threw on this fault (south side down) has
peen estimated to be between 300 (Hutchinson, 1968) and 600
feet (Barker, 1958), Barker cltes no evidence for nhis

figure, while Hutchinsons’® figure is pased on correlation of
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Figure 19

Aerial photograph of Vallecitos Vally Fault, looking
northwest from Sullivan Park.
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the elevation of & pasalt flow soutph ¢f the fault wiln the
elevation of denris of basalt rorth of the fault, There 1is
no way to determine the amount of throw on this fault in the

area of this study,

The fault of Rinker Lake 1s defined on the bases of
stratigraphic data alone and is located in sections 9, 16,
and 17 %.ZQN. R,78, It offsels Precambrian stratigraphy in
a right lateral sense along & strike of approximately ¥ 45 E,
The Tertiary rocks suggest a vertical displacement, Nw
peing down, This would suggest elther Lwo periods of
movement along this fault or obligue movement, The offset
of Precambrian rocks may be alternatively due to complex
folding in the area, but poorl cutcrop in the area make
distinction impossiple, Prospect pits line up along a
possible northern extension of the fault (suggesting a
iinear feature in the area), The fault is truncated to the
south by the Vallecitos fault and dies out in the lineated

granodiorite to the north,

A near-vertical fault (hbere called the fault of Sheep
Guleh) trends approximately & 45 E and offsets Precambrian

rocks in a riaht lateral sense in sections 15 and 22 T,28N,

R,7&, This fault was also defined on the bases of stratidraphic

data alone, although It is largely covered by Quaternary

glacial till,
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RPISCUSSION

It is clear that the structure of the area is much more

complex than originally thoudght (Barker, 1958; and

Hutchinsoen, 1988) and this sumpary 1s by no means the final

word on the structure of the nerthern Tusas Mountains., For

a more complete understandin¢ of the structural history,

detailed work in a number of staller areas, with dood

gutcrop should pe undertaken, Upe such area in the present

study area would be the Rock (reek drainage, The followling

structural events appear to have effected the and/or

occurred in the present study areas

1) Minor uplift and erosior of the Hoppin series which

2)

continued through Burned #ountaln metarhyolite time,
The Moppin series rocks ir adiacent areas (Brazos BoXx,
Jawbone Mountain, and Tusas Mountain) contain either
pillows or iron formaticon which suggests the rocks were
deposited underwater, Sutficient uplift occurred to
produce the fluvial subarkcsic metaconglomerate unit
which contains Moppin serles schist fragments and
cobbles of metarnyolite, 1f flattened and stretched
pumice is indicative of welded ash flow tuffs, then the
environment may have even been subareal, or at least
shallow water,

Precambrian rocks in the area were subjected to
deformation, producing folds and a folliatlon which has

been lardgely obliterated by later deformation, This
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foliation is now only well=preserved in phyllite
pebbles in the feldspatnhic metasediments and rarely in
mafic schists of the Mobpln series,

3) A second period of deformation produced northwest
trending, near=isoclinal or tight folds (Hopewell
anticline and Kiowa synClline) and the well=developed
axial=plane foliation now found in the rocks. The
folds plunge to the north¥est at 10 to 5b degrees,

4) A crenulation cleavage, trending N 20 w to N 20 &,
deformed the Precanmbrlan rocks,

5) Uplift occurred during the early Phanerozoic,
Phanerozoic rocks to the west of the study area thin
onto or pinch out entirely against the Brazos uplift,

£) Faulting of the Precambrian ang Tertiary rocks during
or following the late Tertiary, Faulting may have
peccurred before this tire but latest movement culs

Tertiary rocks in and around the study area,

Grambling (1981) suggests that the Ortega quartzite
which stratigraphically overiies the nortnern portions of
the Pecos greenstone belt has uUndergone two perloeds of
nearly coaxial deformation, His first deformation produced
isoclinal folds and his second tight te isoclinal folds,
both fold axes trend reoughly eastenortheast, The nearly
coaxial deformation documented in this study area may be
similar, Bingler (i965) sugtests three periods of

deformation to the southeast of the area in the La Madera
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gquadrangle, His first two perlods of deformation (folds
trending NW=88 (81) and E=%¥ (52)) mateh guite well with the

deformational episodes suggested here,

The presence of these miltiple periods of deformation
regquires that much care be taken before attempling Lo
define, let alone correlate stratigraphy over large

distances or even over the dlstances found in this study,
METAMOEPHISH

Precambrian rocks in the Tusas Hountains have undergone
at least one period of regionhal dynamothermal metamorphism,
In the study area all Precambrlan roc¢ks, both supracrustal
and plutonic, contalin assemblafes of the low temperature
range of low grade melamorphls®d (Winkler, 1979) or lower

greenschist facies (Mivashire, 1973),

The Burned Mountain metarhyvoelite and feldspathic
metasediments do not contain mineral assemblages which
clearly reflect changing metemorphic conditions, The best
mineralogic evidence of metamorphic grade comes from the
mafic metavolcanic and metaveolcaniclastic rocks of the
Hoppin series which écntain the following mineral
assemblages:

Cnlorite + Muscovite + Albite/Ulidoclase + Quartz +

Calcite

Chlorite + Albite/0Oligoclase + Muscovite + Epidote/
Clinozoisite + Guartz
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Chlorite + Quartz + Muscovite

Chilorite + Actineclite + Albite/Uligocliase + Quartz +
Calcite

Chiorite + Calcite + Guartz + Muscovite + Epidote/
Clinozoisite + Albjite/Clidoclase

Tremolite was not distinguished from actinolite, but due to
the assoclated minerals actinolite would be expected,
The mineral assemblage assoclated with the lower
temperature range of low grade metamorpnism or the
greenschist facles is (Winkler, 1979; @#ivashiro, 1973):
actinolite + chlorite + epidote/clinozoisite + albite/

oligoclase + quartz +/= carbonate +/= muscovite

The presence of actinollte and/or chlorite instead of
hornblende, plagioclase in the albite/oligoclase rande, and
lack of garnet suggests that the rocks never reached the
upper temperature rande of lew~grade metamorphism, The
presence of epidote/clinozoisite and lack of lawsonite
suggests these rocks are beyond very low=grade metamorphism,
The described mineralogy is consistent w#with the mafic rocks
of the Moppin series being metamorphosed to the lower
temperature range of low=grade metamorpnism (winkler, 1974},
The mineralogy described for rocks in tne ¥Moppin series
is also consistent with the mineralogy found in the
greenschist facies of the medium=pressure type as describped

py Mivashiro (1973},
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The temperatures associeted with the observed mineral
assemblage are pbelween 350 and 500 degrees celsius according
to Miyashiro (1973), Winkler (1974), and Holdaway, (1978),
The pressure range over which this assemblage occurs is
gquite wide, but was probably neéver above 8 Lo 10 Kbar, but

gcould have been appreciably lover,

Additional periods of dvnémothermal metamorphism may
have effected some of the Preécambrian rocks in the area,
Three later thermal events have been documented at |
approximately 1490m,y. (Rb/Sr by HMaxon, 1976), 1425m,y. (Rb/Sr
Long, 1976), and 1350m,y, (K/Ar Barker and Friedman, 19274) to
the soutnh of the study area, Inclusions in megacrysts
throughout tne area, at various angles to the foliation in
the rock are probably due to the break down of Plagloclase

to albite and epidote during later thermal events,

Contact metamorphic and/or metasonatic effects adiacent
to the *"granitic® intrusives are not apparent, There are no
contact metamorphic minerals or remnants thereof near tne
contact, nor is’tnere a hornfels developed, This would
suggest either intrusion tooX place when the country rock
was at or near the temperatures of the Intrusive (unlikely
that intrusives were as cool as 500 degrees as metamorphism
suggests) or that the effects of contact metamorphism were
removed by later tnermal events, Rocks of the Moppin serlies

nowever have bheen altered by the addition of sonme KZ0 (see

geochenistry section),
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No evidence was tound ir The study area for retrograde
metamorphism although retrograde effects have been noted to
the sast (Xent, 1980; Bingler, 1968; barker, 1958),
Samples containing what may be pseudomorphs of chlorite/
actinolite after hornblende polIphyroblasts, were found

as float along the eastern boundry of the study area,

Metamorphic grade increase€s te lower ampnibolite facies
to the east, south and north oif the study area, where
amphibolites are common, and staurolite and garnet are found
in the rocks (Kent, 1980; BinGler, 1968; Muehlberger,

1988; and barker, 1958).
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GEOCHEMISTRY

Ten rocks samples from the study area were analysed for
major element chemistry by atomic absorption methods (see
appendix II), The analyses &re€ presented along witn CIPW
norms in Tables 2 (felsic volcanics and intrusives) and 3
(mafic Moppin series rocks), Fach .taple also contains rock
analyses from other Precambrian studies in the general area
and a number of average rock compositions (after Nockolds,
1954), Table 4 presents unptblished analyses (Robertson,
personal communication) of rocks from in and adjacent to the
study area and average compositions of Archean tholeiites

(after Condie, 1976),

SUPRACRUSTAL ROCKS

Ap attempi to chemirally characterize Moppin series
mafic rocks from the study area using Irvine and Baragar®s
(1971) classification scheme yielded cCcontradictory results,

The rocks plotted as both alkaline and subalkaline on a K20

+ Na?20 versus 8i02 diagram (Fig, 20), An An=Ab=0r diagranm

(Fig, 21) shows that some of these mafic rocks are
potassium=rich and others potassium=poor, The analyses fall
in the calc=alkaline fileld on & #12&3 versus normative
plagioclase alagram (Fig, 22)r but appear to be both
calc=alkaline and tholeiitic on a AFM diagram (Fig, 23),
They are basallts and andesites on a normative color index

versus normative plagicclase diagram (Fig, 24), but range
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from basalt to rhyolite when plotted on a Jensen cation
diagram (¥Fig, 25, Jensen, 1¥7&), 7The Jensen diagram also
shows these "mafic? rocks to be hoth Calc=alkaline and

tholeiitic,

A second attempt to characterize tne Moppin series
nafic rocks met with more cohslstent results, The analyses
were plotted on a series of Ciagrams proposed by Miyashiro
(1974) and #Mivashiro and shiﬁa (1975%) for non=alkaline
{subalkaline) rocks, Figure 26 1is a rel(f) versus
Fel(T)/Mgl (Fel(T) is total lron as Fel) on which the
analyses plotted in the tholeiltic field except for samples
which show obvious petrographic evidence (large secondary
gquartz eves) of being effected by nearby "granitic”
intrusives (samples TG=08, B¥al, and Hp=1 on diagrams),
Figure 27 is a 5i02 versus FeO(T)/Mg0 dlagram, on which the
analyses plot in the theleiitic field except for two of the
three samples effected by the Intrusives, Un a Ti02 versus
Fel(T)/HMagl diagram (Fig, 28) except for the three samples
from near the intrusives the aralyses plotted in tholeiitic

fields,

Samples of mafic rocks from this study area are
enriched in K20 and Ha20 and depleted in total Fe, Hgu, and
Cad when compared to both NoeckClds (19%4) modern average

tholeiitic basalt and gabbro anhd Condie®s (1976) average

Archean tnoleilte chemical compositions (see Tables 3 and 4),
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The felsic volcanic (Burned Mountain metarhyolite)
analyses were plotted on Irvine and Baragar®s normative
color index versus normative plagioclase dlacram (Fig, 24),
as well as on the Jensen cation diagram (Fig, 25), UOn eacn

diagram the metarhyolite plotted in the rhvolite field,

INTRUSIVE ROCKS

Analyses of intrusive rocks from the study area are
plotted on an An=Apb=-0r ternary diagram (Fig, 29, after
Barker, 1979) for classification purposes, Two samples of
the lineated qranodiorite (MagUinlta granodiorite) plotted
as a trondhjemite (TG=07) an¢ on the topnalite=granodiorite
poundary {rs~1e).' The granociorite of Spring Creek (BRa2)
plotted on this boundary also, The granite of Hopewell Lake
(Tusas Granite TG=09) plotted as a trondnjemite, For
comparison, the intrusive roCk analyses from this study were
plotted, along with analyses of intrusive rocks from various
other studies in the northern Tusas Mountains on Barkers’
An=Ab=0r diagram (Fig, 30)., On these diagrams (Figs, 29
and 30) trondhiemite mav contain up to 30 percent normative
Or. In petrographic classiflication of the rocks from tne
study area estimated modal ﬁ;neral contents were used and
the c¢lassification system recormended by the IUGS
(Streckelsen, 1973), The alkali feldspar most common in the
intrusive rocks was orthoclase with microcline usually
present but minor, HBecause orthoclase contains Na, the
petrographic 1dentificaticn may not agree with the

gepchemical classification,
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DISCUSSTON

Because some of the maflc rocks sSeem to be enriched in
K20, their plots on a K20 + NaZl versus 8i02 diagram (Fig. 20)
would be in the alkaline instead of the subalkaline field
Chemical analyses from other Precambrian terranes in
northern New Mexico and southern Colorado suggest, mostly
subalkaline volcanic rocks are present, Alkaline rocks have
for the most part, not been dotumented, If the rocks are
indeed subalkaline then Irvine and Baragar’s classification

scheme will work,

tIse of whole=rock chemistry for classification of
Precambrian metavolcanic rocks is not without its
diftficulties, especially if the composiftions of modern
unaltered volcanic rocks form & fundamental part of such a
classification, Comparisons between Precambrian and modern
basalts is not entirely satisfactory, due to various types
of alteration that tvpically affect Precambrian basalts
subsequent to their eruption, Hart and others (1969)
suggest K20 content increases In tholeiitic basalts as the
result of alteratien both during low drade mefamorpnism and
exchange with seawater, In 1974, Hart demonstrated that
A1203 , Can, and 5102 are lost and Mni and K20 increase as
the result of sea floor alteration and that Mg0 and Na20

undergoe significant but inconsistent changes, MacGeenan and
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MaclLean (1980) suggest basalls may shc% enricnment of 81 and
da and depletion of Fe, Mg, Ti, ¥n, and Ca distal to a
suggested brine discharge locality and ore deposit
reportedly formed in response® to a hydrothermal cell in the
Abitibi greenstone telt, Conhdlie and otners (1977) sudggest
that Na, Mg,and K are depleted and Ca is enriched during
metamorphism (epidotization an¢ carpbonitization-
chloritization) of tholeiitic tlows In the Barberton

greenstone belt,

The Moppin series mafic rocks in the present study area
nave undergone low grade metamcrphism and are in places
mineralized, FPresence of pillows in adjacent areas suggests
that portions of the bdeppln Series may haveyaccumulated
subagueously, and therefore have undergone sea floor
alteration, 1In addition, there is evidence from the mafic
rocks adjacent to the lineated granodiorite and the granite
of Hopewell Lake that contact métasamatism may have effected
them, Barker (1958) reports addition of larue amounts of
potassium to the rocks south of this study area and the K20
enrichment present in the Rurned Mountain area may be a

fringe effect of that enrichrent,

For all of these reasons the use of whole=rock
geochemical analyses to characterize, name, and classify the
metavolcanic rocks found in the Tusas Mountains, at least in

the present study area is apralently not productive,
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K2 Na20 vs. 5i02 diagram after Irvine and Baragar (1971).
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Feo(T) vs. FeO(T)/Mg0 diagram after Miyashiro (1974).
CA Calc-Alkaline; TH Tholeiitic (FeO(T) is total iron

as Fe0).
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Si02 vs. FeO(T)/MgQ diagram after Miyashiro and Shido (1975).
oF ?alc—Alkaline; TH Tholeiitic (FeO(T) is total iron as
Fe0).
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Tip2 vs. FeO(T)/Mg0 diagram after Miyashiro and Shido (1975).
CA C):alc-—Alkaline; TH tholeiitic (FeO(T) is total iron as
Fe0).
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Figure 29

Normative Ab-An-Or diagram with rocks from study area (after
Barker, 1979). TG-07 lineated granodiorite; TG-09 granite

o? ngewell Lake; TG-10 lineated granodiorite; B8a? grano-
diorite of Spring Creek.
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Figure 30 ’
Normative Ab—An-Or diagram =z ter Barker (1979) of intrusive
rocks in northern Tusas Mountains; 07 lineated granodiorite;
09 granite of Hopewell Lake; 10 lineated granodiorite; B8a2
granodiorite of Spring Creek; L lineated granodiorite; RET
Rio Brazos Trondjhemite; TG Tusas Granite; TPG Tres Piedras
granite; MG Maguinita granodiorite; AT Average Trondjhemite
Rio Brazos.
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Table 2

Geochemical Analysis of Felsic Volcanics and Intrusives

TG-01 TG-06 TG-07 TG-09 TG-10 * *% F*kk BLT-1 BMR MAG } 99192 35000
$102  76.50  76.20 67.10 72.40 68.30 74.57 73.86 66.88  77.50 75.47 68.13 62.35 66.60
Ti0o 0.32 0.28 0.70 0.58 0.60 0.17 0.20 i 0.57 0.15 0.40 0.26 0.40 0.27
Al,03 12.20 12.00 16.40 14.80 15.20 12.58 13.75 15.66 11.95 11.42 16.81 18.05 17.76
Fe,O3  1.44  1.78  2.20  2.08  2.10 1.30 0.78  1.33 1.72 2.26 1.19 1.90  1.77
Fel 0.00 0.16 1.34 0.04 1.83 1.30 1.13 2.59 0.14 0.31 1.56 2.86 1.41
MnO 0.05 0.04 0.06 0.05 0.05 0.05 0.05 0.07 0.05 0.07 0.05 0.07 0.06
Mg0 0.12 0.07 1.26 3.16 1.44 0.11 0.26 1.57 0.03 0.30 1.28 2.52 1.08
Ca0 0.12 0.11 1.97 0.87 2,77 0.61 0.72 3.56 0.09 0.55 1.88 2.76 0.32
Nay0 3.36 3.19 6.69 6.60 4,58 4.13 3.51 3.84 3.81 3.29 5.00 5.27 5.01
K50 5.15 5.94 1.61 1.75 2.14 4,73 5.13 3.07 3.80 4£.90 2.62 3.13 2.07
Lo1 0.64 0.61 1.29 1.42 1.07 - - - - - - 0.52 1.73
Total 99.90 99.38 100.62 100.15 100.08 99.23 99.13 99.14 99.24 58.97 58.78 99.83 98.08

C.I.P.W. Mineral Norms ()

Q 37.1 38.9 16.0 25.4 25.3 31.1 32.2 21.9 40.8 34.9 22.0 8.6 26.7
c 0.9 1.2 .1 .5 0.3 - 1.4 - 1.4 - - 0.9 6.9
Or 30.7 29.5 9.6 10.4 i2.8 27.8 30.3 18.3 22.5 28.9 15.5 18.3 12.6
Ab 28.7 27.3 57.0 56.2 35.2 35.1 29.3 32.5 32.4 28.8 42.5 44.9 43.1
An 0.6 ) Q0.6 9.8 4.4 13.9 2.0 2.8 16.4 0.2 1.7 9.5 13.9 1.5
En 0.3 0.2 3.2 0.4 3.6 0.3 0.6 3.9 - - 3.0 6.2 2.8
Fs - - - - 0.7 0.6 1.1 2.9 - - 1.6 3.1 2.1
Mr - - 2.5 - 3.1 1.9 1.2 1.9 0.1 3.2 1.6 2.8 1.9
11 0.1 0.4 1.3 0.2 1.2 0.3 0.5 1.1 0.2 0.8 0.5 0.8 0.6
Hm 1.5 1.8 0.5 2.1 - - - - 1.6 - - - -

TG-01 Burned Mountain rhyolite
TG-06 Burned Mountain rhyolite
TG-07 Maquinita granodiorite
TG-09 Tusas granite
TG-10 Maquinita granodiorite
* Average rhyolite (Nockholds, 1954)
*% Average granite (Nockholds, 1954)
*** Average granodiorite (Nockholds, 1954)
BLT-1 Burned Mountain rhyolite (Barker and Friedman, 1974)
BMR Burmed Mountain rhyolite (Barker, 1958)
MAG Maquinita granodiorite (Barker, 1958)
99192 Three-sample composite Maquinita granodiorite (Kent,198Q)
99000 Three sample composite gramodiorite of Spring Creek (Kemt, 1980)
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Table %

Geochemical Analysisvof Mafic Rocks in Study Area

L3

Moppin Greemschist (Barker, 1958)

TG-02 TG-03 TG-04 TG-05 TG-08 * *k fdated 99197 30051 99292 MGS
510, 53.40 50.50 44.90 50.70 59.8 50.83 4B.36 45.78 50.25 49.79 54.52 44 .44
Ti02 2.28 2.62 1.33 1.63 0.30 2.03 1.32 2.63 0.88 1.11 i 0.96 1.84
Al,03 19.90 17.90 18.10 19.8¢C 15.40 14.07 16.84 14.64 16.27 18.14 18.52 15.04
Fe,03 3.77 4.12 2.83 3.13 1.80 2.88 2.55 3.16 2.38 2.66 2.46 3.19
FeO 3.61 5.34 5.69 4.13 5.52 .06 7.92 8.73 8.50 8.35 7.40 9.94
Mn0O 0.11 0.13 0.13 0.14 0.12 0.18 0.18 0.20 0.15 0.16 0.14 0.23
Mg0 2.55 2.57 6.23 2.82 3.12 6.37 8.06 9.39 6.28 4.90 2.35 7.34
Ca0 3.43 4.55 7.43 6.66 6.23 . 10.42 11.07 10.74 9.92 7.05 8.56 8.70
Ra,0 5.51 6.05 3.72 4.87 3.94 2.23 2.26 2.63 3.16 4.07 4.01 1.51
K50 2.44 1.31 0.89 1.32 . 0.11 0.82 0.56 0.95 0.23 1.48 0.39 0.13
101 3.58 5.13 8.44 5.67 3.98 - - - 1.94 1.29 0.55 -

Total 100.58 100.22 99.69 100.92 100.32 100.8 99.18 100.06
Q 0.9 - - - 16.8 3.5 - - - - 6.1
c 2.0 - - - - - - - - - -
Or 14.9 8.2 5.8 8.2 0.7 5.0 3.3 6.1 1.2 9.1 2.4
Ab 48.1 50.6 31.2 43.3 34.6 18.9 18.9 18.3 27.3 35.4 34.2
An 17.6 18.7 32.9 29.7 24.9 25.9 34.2 24.7 29.8 28.0 3.6
Wo - 2.1 3.1 2.1 3.0 10.3 8.0 10.8 8.5 3.7 4.8
En 6.5 1.4 2.1 3.8 8.1 15.8 14.0 7.1 15.4 2,0 6.0
Fs - 0.5 0.8 1.4 8.7 11.2 7.4 2.9 10.C 1.6 9.0
Fo - 3.7 10.5 2.5 - - 4.3 .11.5 0.3 7.4 -
Fa - 1.5 4.6 1.0 - - 2.5 5.0 0.2 €.7 -
Mt 5.5 6.3 4.5 4.8 2.7 4.2 3.7 4.6 3.7 3.7 3.4
11 4.5 5.2 2.8 3.2 0.6 3.8 2.4 5.0 1.7 2.1 1.9

TG-02 Porphyritic qguartz-muscovite-chlorite schist

TG-03 Porphyritic guartz-calcite-chlorite schist

TG-04 Metagabbro

TG-05 Porphyritic muscovite-quartz-chlorite schist

TG-08 Porphyritic undiwvided Moppin greenschist

* Average tholeiitic basalt (Nockolds, 1954}
*% Average gabbro (Nockolds, 1954)
¥x¥ Average alkali basalt (Nockolds, 1954)

99197 Typical greenschist (Kent, 1980)

90051 Amphibolite (Kent, 1980)

99293 Porphyritic amphibolite (Kent, 1980)

MGS
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Table 4

Geochemical® analysis of varicus rocks from the study area
(Robertson, unpublished data)

Oxide B4~} B6-~1 = B6=2 B7-1 B7-2 BBal Bga2 Hp=1 DAT EAT

sio2 53,78 53,17 53,38 53,39 53,79 ©3,94. 74,38 60,47 51,4 49.7
Tio2 1.37 0.85 0.84 1.61 0,71 0,68 0.24 0,62 1.9 1.0
A1203 18,40 21,03 19.42 15,67 22,50 17,95 14.57 21,32 14.8 14.9

Fe203 3,01 2,70 3,018 3,22 2,30 | 2,34 i.52 2,86 2,1 2.6

FeD 6.24 5.47 6.61. 10,54 5,56 2.73 0,00 i.07 8.3 8.8
Hno 0,20 v,18 0,17 0.21' 0,08 0.10 0,04 0.08 - -

Mg0 3,01 2,78 1,89 4,34 1.77 4.03 0.37 1,57 6.7 6.3
cao 7.14 7.40 7.59 6,01 6,32 4,82 >2.59 4,53 10.7 9.4

Na20 3,39 2.54 3,59 3,47 2,59 1.76 4,24 3.72 2,7 2.1
K20 3,14 3,19 3.14 0.79 4,12 1,57 1.99 4,19 0,2 0.3

P205 0,33 0,37 0.40 0.14 0.25 0,08 0,06 0,17 - -

4] 1.60 4.15 0,22 4,89 4,10 30.61 36,17 11,16
o 0,00 0.00 0,00 0,00 2.89 4,78 0.R8 2.82
Or 18,55 18,90 18,55 4.67 24,37 9,28 11.76 24.61

Ab 28,68 21,54 30.36 29,36 21.93 14,89 35.88 31,29

An 25,71 34.48 27.59 24,85 29,74 23,39 12.46 21,24

ko  3.15. 0,00 3,10 2,.%4 0,00 0.00 0,00 0,00
En 7.50 6.94 4,70 10,81 4,41 10,37 0.95 3.89
Fs 7.08 6.71 8,58 14,43 7.29 2,14 0,00 0,00
Mt 4,36 4,01 4,36 4,67 3.34 3,40 0,00 1.90
11 2,60 1,62 1,60 3,06 1,35 1,29 0,09 1,17

B4=1 Greenschist

B6=-1 Greénschist

B6~2 Greenschist

37=1 Greenschist

B7=2 Greenschist

B88al Greenschist near intrusive

R8a2 Granodiorite of Spring Cré;k

Hp=1 Greenschist n;ar intrusive

DAT Lepleated Archean Tholelite (Condie. 1976)

EAt Enriched Archear Tholelite (Condie, 1976)
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MINERALLIZATION

Portions of the area coVered by this report contaln
mineralized Precambrian rocks, The following paragraphs
give a prief history of the rining and description of the
mineralization and are taken mainly from the work of:
Bingler (1968); Benjovsky (1945); Hutchinson (1968);

Lindgren and others (1910); and #cleroy (1972,

The earliest recorded mining activity in the area was
the Fairview gold placer operation on Placer (reek, just
west and downstream from Hopewell Lake, The richest gravel
was found where the valley narrows before passing tnrough
the gorge (Eureka Canyon), Uver a three year perlod in the

/

1870°s, this placer is said to have produced $175,000 in

gold,

The discovery of alluvial gold prompted a search for
lode deposits and resulted In the location of several claims
on the numerous veins along Flacer (Creek, The upper
oxidized portions of the veins produced several thousand
dollars in gold, silver, coprer, and lead, Tne rapld
depletion of the oxidized zone combined with narrow ore
shoots and low values saw activity slow by 1830, The turn
of the century brought the location of cClaims, mining
activity, and demise to lode deposits along the upper

reaches of Hock [reek.
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In 1903 a hydraulicing cpération was set up in the
ilower flat soutnwest of Eureka Canvon on Placer (reek, It
proved unsuccessful within a vear due to low gold values and

problems with the supplyvy of water,

The Amarillo Gold Company acguired the Mineral Point
claim in 1935 and gonstructed & 35-ton/day mill, but the
operation proved unpreofitable® and closed in 1937, Rutus
Little of Tesugue, New MexXico acguireda most of the patented
claims in the area at apbout this time and still owns most of

them,

The Amistad Mining Company set up a dry land dredge in
the lower flat after locatin¢ four placer claims there in
1964, Failure of the project was attributed to low dold

values and the illness of the principle ianvestor,

The past five vears has showed a renewed interest in
the area with many new claims being staked and several

companies both large and small evaluating the ares,

Three types of mineralization are present in the study
area: hydrothermal sulfide replacement veins, gold=bearing
quartz veins, and the placer deposits of alluvial gola, The
replacement veins and guartz fissure veins occur in the
Maguinita granodiorite, the Tusas granite, the subarkoses,
the rhyolite, and rocks of tne Moppin series, but only the
late hydrothermal guartz velins nave been found in the

vitreous quartzites,



(83)

The replacement veins are zones or veinlike masses of
sheared sericitic schist or Iptrusive impregnated with
varving amounts of pyrite, chalcopyrite, galena, sphalerite,
and flourite (Bingler, 1968), They range in thickness from
less than an inch to about 1.5 feet, The boundaries of many
of the veins are indistinct, recoanized only by an increase
in pyrite and limonite after p¥rite, which represeni zZones
of sulfides concentrated within the host rock, In many of
the veins the sulfides imprednate schist or intrusive, but
some are found in a touvgh, compact and only weakly fissle
schist, The alteration in some veins as obhserved by Bingler
(1968) resulted from the altération of plagloclase feldspar

in the host rock.

Hydrothermal guartz veins are found both associated
with the replarement veins and in unaltered country rock,
The veins range in thickness from less than an inch to
approximately 3 feet and are both concordant and discordant
with the lavering and/or cleavege in the host rock, oSome
veins pinch and swell and are discontinuous alonag strike,
while others are fabular and continuous as far as outcrop
allows them to pe traced, Tnhe velns consist of auartz,
aggregates and cubic crystals of pyrite, chliorite, and
clusters of tourmaline, The gold is associaled witn Lhe

pyrite (Bingler, 1968),



(84)

An extensive oxidation mantle can be found below the
Tertiarv=Precambrian unconformity, It 1is recognized by the
alteration of pyrite, siderite, delomite, and chlorite in
both mineralized and unminerallzed host rock to an earthy

yellow to reddish brown limeonite (Bindler, 1968),

The age of the mineralization has not been determined,
put it can be bracketed, The oldest Tertiary unit in the
area, the Ritito conglomerate® contains Cobbles and boulders
of mineralized Precambrian rocks indicating the
mineralization was pre~Tertiéry, All the Precambrian rocks
in the area contain tne late hvdrothermal guartz veins,
suggesting the maximum adge may be younger than the

Precambrian rocCks present,
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DISCUSSION

COMPARISON WITH EARLY TU MIDDLE PRUTEROZUIC ROCKS
OF NORTHEABT ARIZONA,

SOUTHERN COLORADO, ANU NORTHERHN WEW MEXICOD

The Precambrian rocks of the Tusas dountains are
similar in terms of ade, bimodal volcanlism, metamorphism,
and deformational stvle to a number of other Precambrian
terranes found in northern New Mexico and southern Colorado,
in the southern Tusas Mountains (La Madera 7,5 min, duad,
Bingler, 1965) Precambrian bimodal volcanics, sediments
(quartzites, muscovite=guartzites, Kvanite=-muscovite
schists, and aluminus schists) have been variably
metamorphosed to greenschist and ampnibolite'faciaa, Three
periods of deformation have affected the rocks in the La
Madera gquadrangle (The first isoclinaly folded the rocks and
destroved the original stratigraphic continulty, the second
resulted in MWW trending tight fte isoclinal folds, and the
third consisted of widely spaced axjal=plane fracture and

slip cleavage trending generally E-W with steep dips,

In the Needle Mountains of southwestern Colorado
Barker, (1969a) reports mafic, intermediate, and acidic
volcanic rocks associated with graywacke, guartzites, and
impure sandstones (Irving Formation) whicn are overlain by a
sequence of pimodal volcanic or plutonic rocks (Twighlight

Gneiss), all of which have been metamorphosed and deformed
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(N to NE tending folds) and then intruded by a post tectonic
granitic intrusives (1,7-1,.,80b,y, Tenmile Granite), After a
period of profound erosion guartzite, mud, minor silt and
conglomerates were deposited (Uncomphahyre Formation) and
were subsequently metamorphosed to lower amphibolite facies
and deformed (E to SE trending folds) along with the
underlying rocks, Intrusion of the post tectonic Eolus
granite followed by the Trimble granite were the last

preserved Precambrian events (1,45 to 1,65 b,y,).

Precambrian supracrustal rocks in the Salida area of
south=central Colorado consist of sediments and bimodal
volcanics which have been metamcrphoseﬁ to the middle
amphibolite facies (Boardman, 1976), A post=metamorphlic
quartz monzanite (dated at 1,65=1,70 b,y¥,.) intrudes these

supracrustal rocks,

In the Dubois dgreenston€& successlon of central Colorado
Condie and dNuter (1980, in press) report bimodal volcanics
and late to post tectonic "granitic" intrusives ,
metamorphosed to the middle to upper amphibolite facies

(Rp/5r dates of 1.65 te 1,70 bav.),

The Taos region of northern New HMexice contains bimodal
volcanics and sedimentary rocks (guartzofeldspathic
paragneisses and quartzitesg) whbich nave peen intruded by
tonalite~trondnjemite or granite all of wnich have been

metamorphosed to amphibolite facies, The stratigraphic

relationships of the supracrustals are unknown (Condie, 1979),
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To the southeast of the Taos area in the Picurils
dountains, Nellsen and Scott (1979) report Precambrian
bimodal volcanics interbedded with sedimentary rocks
metamorphosed to amphibolite facies, Long (1976),
recognized four intrusive plutens in the Embudo complex of
the Picuris range, The oldest being dated at 1673 m,y,
They also report that four distinct deformational episodes
have effected the area (the first isoclinaly folded thne
rocks in the region, the second forpmed tight to near
isoclinal folds which tend E=W and plunge at 20 to 30
degrees to the west, the third episode of deformation
resulted in deformation of the F2 axis by an axial=plane
cleavage trending ¥ 20 W, anc¢ the fourth deformation
resulted in local ductile offsets of earlier surfaces about

a calculated N 66 E axlal surface),

In the Truchas Peaks area, Grambling (1979) reports
interbedded bimgdal volcanics (1,7 to 1.8 b,v,) and
sediments (quartzites, high aluminus pelites, and
gquartz-muscovite schists) metarorphosed to the amphibolite
facies, Two periods of deformstion have effected these
rocks, the first forming east-trending tight to isoclinal
folds which in turn have been folded by a north=trending set

of open folds that plunge to the south,
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Further to the south in the Pecos area HKobertson and
Moench (19792) and Robertson (1%81) report bimodal volcanics
(1,71 to 1,72 p,v,.) overlying guartzites, and, in turn, are
overlain by sedimentary rocks (shales, volcaniclastic
sediments, metasandstone, and 1lron formationl). They
delineated two sultes of intrusive rocks: 1) amphibolites,
quartz diorites, and trondhjemites; and 2) dgranites to
tonalites, They suguested at least two perlods of

deformation had effected the rocks (the first resulted in

E=W trending tight to isoclinal folds and tne second NE

trending folds} ang variable metamorphism to greenschist and

amphibolite facies,

In the Jerome=vrescott area of central Arizona,
Precambrian andesites, basalts and rhyolites and minor
associated sediments have been documented (Anderson and
Silver, 19763, This series has heep dated at 1,7 to 1,8
D.V¥. (U/Pb zircons), Granodiorites and a quartz diorite

intrude the supracrustal seguence,
TECTQ&IC SETTING

Any discussion of tectonic settings for the present
study area and northern Tusas FHountains must be tempered by
a consideration of the geolo®ic conditions or constraints
displayed by that area, Kent (1980) proposed a list of
constraints (indicated in the tollowing list by an asterisk)

which can be either condensed or expanded on the basis of
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the data from the present study, Fach constraint 1is
explained and the list is €ollowed by a brief discussion of

reasonable and/or possible tectonic settings,
Constralints:

1) Bimodal Volcanism#, Precambrian volcanic rocks in the
Tusas Mountain area are compositionaly bimodal,
Rhyolites appear to be rcalc=alkaline whereas the nmafic
rocks most closely resemble tholeiltic basalts,

2) Feldspathic Metasediment &ource., The problem of a
source for the guartz and feldspars found in the
feldspathic metasedimenlary sequence nust be addressed,
One possibility, is weathering of the purned Mountain
metarhyolite, It does not seem possible however that
this felsic volcanic covld yield the amount of quartz
found in the metasubarkoses, It is possible, however
that the metarhyolite a5 Seen in the presen study area,
lies on the fringes of & volcanic center, which
although seen nowhere today might have been thick
enough to supply the quartz and feldspar found in the
metasubarkoses,

3) Quartzite Source#, A source for the qguartz sands that
accumulated to form the vitreous quartzites must be
discussed, It has been suggested (Donaldson and
fiankangas, 1977) that guartz in Jquartzites could have
come from vein quartz, recrystallized chert,

phenocrvsts frow felsic voelcanics, and granitic rocks,
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The volumes of guartz veins and c¢hert required to
generate the amount of quartz sand are not present, 7To
generate the sand from felsic volcanics or granitic
rocks would reguire that these sources have underdgone
intense weathering, recycling, and/or reworking,
Current thinking, Wobus (personal communication, 1981)
is that all guartzite in the Tusas Mountains 1s younger
than the volcanlic rocks present, although there 1s no
good evidence (o date a& Lo how much younger,
Therefore, plenty of tire to erode and rework,
feldspathic sediments, rhvolite, and/or some other
source into ultimately pufe guartzite could have
elapsed,

Relationship between Feldspathic Metasediments~-
Quartzites and Volcanics#, The association of stable
continental shelf~type sediments and maflic and felsic
volcanics must be explalned, Grambling (1979) suggest
that the guartzites in the Truchas Peaks area are
interlavered and may be interfingered with the
metavolcanic rocks, In this area the quartzericn
clastic metasediments overlie most of £he volcanics and
interfinger slightly with the Burned Hountaln
metarhyollite, but are mairly younger,

Age of Rocks #, In & reglonal sense the ages of
Precam&rian rocks young to the south in New Mexico,
This vounging may only be apparent and due to lack of

zircon dates especially in metavolcanics (most dates
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are from pluteonic rocksl), 1f real, however, there 1is
an age boundary, which @lthough not well defined runs
northeastly across New Mexico separating 1690 to 1780
me.ve ©0ld rocks in the north from 1610 to 1680 m,vy,

old rocks in the south, Table 8 is a list of Known
ages of rocks in the northerpn Tusas Mountains,

Basement Problem#®, Nowhere In tnis study area eor in
northern New Mexlico or sSotthern Colorado are ﬁhere any
Archean rocks, This ralses the question as to what the
volcanics and the sediments were deposited on or what
there source may have bheen, Xent (1980) reports that
isotopic ratios of plutonic rocks of central and
southern New Mexico typlcally have low Sr 87/86 initial
ratios, I1f these intrusives were produced by the
partial melting of lower crust then such low initial
ratios demand that the Crustal source was not in
existence for more than 2006 m,yv., beifore melting began,
Initial ratios of the post-tectonic plutons of northern
New Mexlco, however, have high initial ratios often
exceeding ,710 suggesting crustal source for these
rocks, She also notes Tthat Rb=3r data for syn-tectonic
intrusive in northern New Mexice have not been reported
in the literature,

Precambrian Deformation¥, Discussion of any tectonic
histeory for the Precambrian of the Tusas Mountalins must
include an explanation for multiple periods of

compressional deformation,
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Table 5
Ages of Precafbrian Rocks
orthern Tugas Mountains#s

Age Rock HName Type of Date Reference

1715 to Burned #Mountain U/Po Barger and
1765 Rhvolite Zircon Friedman
MaVe (1874)

1678 to Maudinita Granodiorite /P Barker and
17158 (lineated granodiorite) Zircon Friedman
MaV e (1974)

16561 Tres Piedras Granite Kb/S8T Maxon
m.v. f(granite of Hopewell Lake) whole rock (1976)

#5411 ages have been corrected for new decay constants
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Precambrian Melamorphism#, Any discussion of a
geologic nhistory for the Tusas Mountains must include
some method of achievin¢ the metamorphic grades
present,

Trondhjemites#, Precambrlan trondihemitic intrusives
are found in northern HNew Mexico and southern Colorado,
Lack of subagqueous features in Moppin mafic series, In
the Burned #¥ountain area no iron formation was found or
were any pillow sStructures recodnized in the mafic
rocks., These features are however present elsewhere

in the northern Tusas Mountains, The lack of these
features In the present study area may be due to:

a) some combination of detformation and folding that
concealed the iron formétlon and obscured or destroved
any pillow structures; b) lack of formation of these
features due to the area being subareal; or

¢) obliteration by later intrusives wnicn may nhave
assimilated tne iron formation or some pillow

structures,

Discussion of Tectonic Settings

The Precambrian supracristal rocks in the Burned

Mountain area are best explalned by the presence of an

extensional environment, & continental rift, auvlacoden, or

a back arc pasin can &ll produce pimodal volcanism (bazaltls

and rhyolites) and the tvpes of sediments found in the study

area (subarkoses, guartzites, &nd minor graywacke and
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shales), Any rift would haveé been near sea level as both
subagueous and fluvial features are found in the area,
However no evidence for extenslonal faulting or for earlier
continental crust has been found in saquthern Colorado and
northern ftew Mexico Precambrlan Terraines, This ralses the
gquestion of what was being rifted if an extensional
environment was present, Both regional metamorphism and
trondhjemite formation can oCcur in extensional settings,
although they are not limited to them, Deformation,
particularly compressional varleties 1s not so easlly
explained by rifting or any extensional environment, A
compressional environment, such as a convergent plate
poundry, explains deformatiortal style which followed

deposition of the supracrustal sequence,

However, & convergent plate boundry typically produces
calc=alkaline volcani¢ rocks including large volumes of
andesites and draywackes instead of subarkoses, mature
quartzites, and bimodal volcanics, 1In addition, they
commonly contain ophiolite suites and thrust faults neither
of which has been documented In northern New #Mexico ng
Southern Colorado, There are, however, calcwalkaline,
andesite=rich, and graywacke suites in northeastern Arizona

in the Jerome~Prescott area, and these rocks have also been

dated at i,? to 1.8 beVe
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{ine possible tectonic setfing for the Burned HMountaln
area is that of a continental rift that opened in the
Precambrian crust pear a plate margin (an aulacogen 7).
erupting pimodal volcanics and depositing feldspathlc and
quartz=rich sediments, The continental margin soon
thereafter became converdent, Closing the rift causing
deformation, metamorphism, +/= intrusive activity

(calc=alkaline volcanism 7)), 2 second possible tectonic

setting calls for a back arc basin that was f£irst opened and

then closed as converdgence alolg the continental margin

progressed,
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SUMMARY OF PPECAMBRIAN GEQLUGILIC HISTORY

I8 THE BURNEL FOUNTAIN AREA

Eruptioen of matfic flows and emplacement of shallow
mafic intrusives accompanled by deposition of
volcaniclastic sediments derived from a mafic source,
probably the mafic ignetus rocCks

Mafic volcanism ceases voSsibly accompanied by minor
upllift and erosion of the mafic succession (Moppin
series).,

Eruption of felsic velcenlics dated at 1715 to 1765
céurneﬁ Mountain rhyolite), accompanied, more or less
sinmultaneously, by deposition of subarkosic
conglomerate lenses,

Deposition of subarkoses &nd mature sandstone, The
exact relationship between the subarkoses and Lhe
quartzites is not vet known, however in this study the
guartzites are thought to be dgradationaly above the
subarkoses,

Compressional event which produced tignt to isoclinal
northwest trending folds and axialeplain foliation s51,
Unset of compressional event that produced tight to
near~isoclinal noerthwest trending folds (Hopewell
anticline and Kiowa synclline) and well developed
axial~plain foliation 54,

Intrusion of syntectonic ¢ranodiorites dated at 1675 to

1718 me.y¥. nY Barker and Friedman (1974) (lineated

granodiorite and granodiorite of Spring Creek 7)),
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Intrusion of late to post tectonic granite dated at
1661 m,v, (granite of Horewell Lake),

Post tectonic thermal event 1490 m,y, (Maxon, 1976),
Intrusion of quartz veins and metasomatism dated at
1425m,yv, (Gressens, 1975 and Long, 1972},

Late thermal event +/= local deformation dated at 1350

m.v. (Gressens, 1975 and Long, 1972},
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SUMMARY AND CONCLUSIONS

Precambrian rocks in the Burned dMountain area crop outl
poorly from underneath Tertiarv and GQuaternary deposits,
They onlvy crop out over approximately ten percent of the
study area, The oldest rock$ present are a series of mafic
volcanics, and volcaniclastic sediments (quartz, muscovite,
chlorite +/~ plagioclase and calclte schist, mafic
conglomerate, metagabbro and chlorite, muscovite schist)
called the Moppin series, Unconformably overlying the mafic
sequence 1s the Burned Mountain metarnhyolite which has been
dated at 1715 to 1765 m,v, Uverlying and interpedded with
the Burned HMountain metarhyolifte is a sequence of
teldspathic metasedimentary rocCks (subarkoses, subarkosic
conglomerates, and minor microcline=muscovite=guartz schist,
banded guartzite, and shale), These roCks represent a
fundamental change in the source and/or the source area for
sediments in the area, Separaled from the feldspatnic
metasediments by the northwest trending Tertiary=age (latest
movement) Vallecitos Valley fault is a thick sequence of
vitreous guartzites, tentatively thought to overly the
feldspathic metasediments,., FHo¥ever, elsewhere 1in the Tusas
Hountains these rocks or other guartzites have been
interpreted as being older tranh the above supracrustal

sequence,



(99)

Three periods of deformation have effected part or all
of the Precambrian rocks In the Burned Mountain area, The
first episode of deformation predates the lineated
granodiorite and resulted in tlght to isoclinal folds
trending N 30=40 W, The second episode of deformatjon refolds
the above folds and produced the well developed axial=plane
foliation seen in some of the rocks in thé area, The folds
produced by this deformation trend N 65~80 W and plunge upto
55 degrees to the west, The lineated granodiorite was
intruded during this period of deformation, The granite of
Hopewell lake was Intruded at the very end of this
deformational episode, after the lineated granodiorite, The
third period of deformation produced a Kink banding or
widely spaced crenulation cleavage which trends N 20 & to
# 20 E and dips from 50 E to 60 W, Metamorphlsm (lower
greenschist facies) of the Precambrian rocks in the area
accompanied the intrusive events as no nhornfels or contact

metamorphic assemblages were observed,

The ?rfcamhrian rocks in the Tusas Mountains are
similar to other Precambrian terranes 1n southern Colorado
and northern New mexico in that they are approximately the
same age, have undergone sim;lér.metam@rﬁhism (greenschist
to amphibolite facies), contain similar litnhologlies, and in
that the have undergone multliple periods of deformation,
They do, however, differ fundarentally from similar age

rocks in northeast Arizona,
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A tectonic setting characterized by early extensional
and later compressional envirorments is needed to explain
the Precambrian geclogy of the Burned Mountain area, Either
a back arc basin which has been compressed against a
continent or a near=plate~boundary continental rift
(aylacogen %) which has been compressed could produce such a

setting,
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APPENDIX I
RCCK DESCRIPTION
MOPPIN SERIES

The Moppin series crops out alonyg a northwest trending
belt from the southeast flank of Jawbone Mountain (north of
study area) to east of Tusas Mountaln where it is covered by
Tertiary rocks, MNowhere is the base 0f the serles éxgcsad.
It has been intruded by a gréncdiorite and a later granite
that both contain xenoliths of the Hoppin series rocks, It
is unconformably overlain by interbedded feldspathic
sediments and/or a porphyritic felsic schist (Burned

Mountain Rhyvolite),

Rocks of the Moppin serles crop out poorly except along
valley walls (see Fig, 31), ©Dense vegetation and lack of
many continuous, distinctive units makes correlation from
outcrop to outcrop difficult if not impossiple,

Metamorphism is low grade as evidenced by the mineral
assemblage ¢hlorite, muscovited, albite, quartz, +/=
epidote, +/= clinozoisite, Madgnetite octahedra and
iron=carbonate staining are common, I1he rocks are poorly to
well foliated, but primary textures and structures are

partially preserved,
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Figure 31

Photograph of typical Moppin greenschist outcrop along Rock
Creek, section 16, T.28K. R.TE.
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QUARTZ=MUSCOVITE=~CHLORITE SCHIST

The most abundant rock of the Moppin series is a well
foliated guartzemuscovitew=chlorite schist, It is found in
the eastern portions of the tield area (Sec, 15, 16, and
22, T28N RT7E) along the uppel Treaches of Rock Creek and

Bheep Guloh,

This rock breaks along cleavage planes and is dark
green to green on fresh surfaces, Weatnered surfaces are
greenish=gray to green and iron=carbonate staining is not
uncommon, Magnetite octahedra are commonly visible to the

unaided eve,

The relationship of this rock to other units in the
Moppin series is difficult to interpret, due to lack of
stratigraphic markers, Stretched and/or sheared knots of
muscovite, calcite, and epidote are common, Sliahtly
altered plagioclase megacrysts are common and can be found
both subparallel to feoliation and randomly oriented, Up to
45 percent of some of these schists can be Composed of

megacrvsts,

In thin section chlorite makes up 45 to 50 percent of
the rock, muscovite (including sericite) 15 to 35 percent,
calcite 10 to 25 percent, plagloeclase (including megacrysts)
10 to 45 percent, ané'qaartz 16 to 30 percent, Epldote,
actinolite/tremolite, and clinCzoisite are common in

accessory amounts, The plagloClase was determined to be
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albite=oligoclase (an 5 to 25). The chlorite grains are
subparallel and usually .5 mb to 1 mm in length,
Plagioclase crystals range from ,5 pm to 12 mm (megacrysts)
in length with the megacrysts often badly sericitized or
epidotized, Foliation is the result of the alignment of
chlorite and muscovite crystals which bend around the

megacrysts when present,
COHGLOMERATIC MOPPIN BCHIST

A mafic condlomeratic urit is a variation of the
gquartz=muscovite=chlorite schist, It comprises 1 to 3
percent of the Hoppin series and crops out in the NWw 1/4 of
5ec, 16, T28N RTE, This unit is approximately 3 meters
thick, It is well foliated and crops out as rounded,
elongate knolls, Aphanitic vrhvlilite fraguwents of a llght
gray in color are contained in a dark green to greenish=-gray
aphanitic matrix, The phyllite fragments are flattened and
stretched to form a lineation iIn the steeply deepliny plane
of ﬁaliatiqn. Fragments make Up as much as 45 percent of

the rock and range from a few mm up to 12 cm in length,

In thin section the matrix is made up of 40 to 60
percent chlorite, 20 to 30 percent muscovite, 10 to 20
percent guartz, Plagloclase ard epidote are common as
accessory minerals, The fradments are 50 to ©0 percent
muscovite, 20 to 30 percent duartz , and 5 to 10 percent

each of epidote and chlorite, HMagnetite is & common
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accessorv mineral in the matrix, (nlorite and muscovite

crystals (,5 to 1 mm in length) are aligned in both tne

matrix and fragments giving the rock its foliation (see Fig, 32),

HOPPIN FELSIC BCHIBT

The second mest abundan®t rock type in the Moppin series
is a porphyritic felsic schist, It oc¢curs iIn one
stratigraphic position near the northern most exposures of
the Moppin series, The best exposures of thls schist are
along Rock Creek in section &, T28N R7JE. It outcrops poorly
and is usually only found as float, The rare outcrop is
usually angular, found below grass level ana weathers
brownish=red to redishepink, It is moderately to well
foliated and breaks along these foliatlon planes, Fresh
rock 1s pink to reddishuyinkg Rounded, blue quartz
phenocrysts, up to ,5 c¢m in ¢iemeter are prominent in an
aphanitic groundmass and make up 10 to 25 percent of the
rock, Small (1 to 2 mm) elongate light gray to
greenish=gray lenses Comprise approximately 5 to 15 percent

of the schist,

Thin section examination reveals that the 2 to 5 mm
quartz phenocrysts are slightly embayved and often

recrystalized to aggregates ¢f smaller crystals, The liaht
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Figure 32

Photomicrograph of Mafic Metaconglomerate
From along Rock Creek, section 16, T.28N. R.TE.
(10X and crossed Nicols)
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colored lenses are cComposed of muscovite and chlorite or
bhadly sericitized pladioclase, The matrix is made up of
quartz, and muscovite in roudhly equal amounts, +/= epldote,
The quartz c¢rystals are slightly elongate and form planes
separated by parallel planes muscovite crystals, resulting
in a compositional panding (Fig, 33), HMatrix material
wraps around the megacrysts (phenocrysts) and fragments,

Fractures are filled with muscovite and minor epidote,

METADIABASE

This porpnyritic dark=green to dgray=green rock with
relict diabasic texture is neither abundant or continuous
enough to map, It is found only in sparse discontinuous
low~rounded Knolls and as floal along Rock Creek in sections
15 and 16 T28N R7E, It is weakly follated and thought té be
intrusive due to its random stratigraphic occurrence and
discontinuity, Lack of straticraphic markers in
encompassing rocks may be an explanation for no observed
crosscutting contacts beteen this rock and the surrounding
greenschists, Altered 3 to 10 mm megacrysts (phenocrysts)
of a lighte=gray material are contained in an aphanitic dark
green to gray matrix, The reckK breaks with along the

weaklve=defined foliation planes,

Thin section exanination reveals the megacrysis
(phenocrysts) are now largely Calcite, epidote, and

sericite, but were probably ¢riginally plagloclase as



(1-8)

50 mm

Figure 33

Photomicrograph of felsic schist (distal Burned Mountain ?).
Sample from along Rock Creek section 15, T.28N. R.TE.
(10X and crossed Nicols)
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remnant crystal shapes and rare¢ altered plagloclase
phenocrysts suggests, The rock consists of 30 to 40 percent
chlorite, 15 to 25 percent calcite, 10 to 20 percent quartz,
and 10 to 15 percent muscovite (inc, sericite), Epldote,
clinozoisite, and plagioclas® are common accessory minerals,
The plagioclase was too altered for ldentification, Calcite
and quartz grains were 2 to 4 mm in diameter, The chlorite
and muscovite exhipit a very weak subparallel alignment
resulting in the weak foliation, Magnetite and hematlite are

not uncommon accessory minerais,

CHLORITE=QUARTZ~MUSCOVITE SCHIST

In the southern most expoSures of Lhe Hoppin series a
thin (1 m ?), discontinuous unit of well~foliated
chlorite=guartze=muscovite schist crops out only rarely, It
can be found in the St 1/4 of section 16, T,28MN, R,7k, as
float an occasionally in small angular outcrops at ground
level, A prospect pit in the® area is the best éx@osur&,
The limited outcrops and structural complications make
contact relationships impossible to determine, IL Is
light=gray to silver~gray in ¢¢lor and breaks along cleavage
planes, The rock reflects sunlight with what is almost a
phyllitic 1u$tar; Handspecimans often contain magnetite
octahedra and the rock is pretty much egquigranular with

chlorite, quartyz and muscovite being ldentifiable,
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BURNED MOUNTAIN METARVWYOLITE

Unconformably overling the Moppin series and
interbedded near the pase of the with feldspathic
metasedinments is a porphyritic felsic schist, called by
Barker (1958) and in this text the purned Mountain
metarhvolite, It outcrops £rob one end of the study area to
the other in one stratigraphlc hoerizon, Along Sheep Gulch
(Sec, 22, T28N RTE)}, Rock (Creek (Sec, 1lo and 21, 128N
RTE), and south of Burned Mountain (Sec, 9, 1,28N, R,7E.)
multiple horizons are present cue to folding, 7The Lhickness
varies from 10 meters to approX¥imately 100 meters elther
because of tectonic related Thining, thinning due to
distance from the source, and/or onlap to a dgeograpnical

niah,

This rhvolite pulcraps ¥ith brick=red to pink weathered

surfaces, is massive to weakly foliated and breaks with

uneven surfaces, It crops out as prominent angular to
rounded knolls or ridges, Rellct phenocrysts of rounded,
blue guartz stand out on wealhered surfaces and are roughly
equal in number to lightwgra¥y to white potassium feldspar
phenocrysts, The combined phenhocrysts make up approximately
40 percent of tnhe rock and are contalned in an aphanitic
groundmass, Lightegray to reddish=pink, phenocryvst bearing
aphanitic lenses up to to 3 meters long are interpreted as

flatteped pumice fragments (see Fiag, 34 and 3%), Rounded,
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red chert pebbles accompany the pumice fragments, These
textures and strugtures are beft exposed on the south side

of Burned HMountain in Section ¥, T28N RJE,

Thin section examination reveals the quartz phenocrysts
are sligntly embayed and som€ Nave recrystalized into
aggregates of smaller crvstals, The potassium feldspar
phenocryvsts rarely exhibit resorbed boundaries and are now
microcline, but were probably oridinaly sanidine or
orthoclase as thelr subhedral shapes suggest, These
phenocryst range in size from 1 mm up to 1 cm and the guartz
phenocrysts from imm up to 6 or 8 mm, The aphanitic matrix
is composed of 35 to 50 percent quartz, 35 to 45 percent
microcline, 10 to 15 percent sericite +/= minor epidote and
plagioclase, HMaunetite, hematlite, and apatite are rare

accessory minerals,
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Figure 34

Pumice fragment in Burned Mountain metarhyolite (eutaxitic
texture). From Top of Burned Mountain, section 8, T.28N.
R-?Eu
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50mm

Figure 35

Photomicrograph of Pumice Fragment (?)
(10X and crossed Nicols)
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FELDSPATHIC METASEDIMENTS

Interbedded with the Burned Mountain rhyolite and in
places lying directly on the Meppin series is a seguence of
feldspathic metasediments, Four distinct rock types can be
recoagnized in the area mapped &s metasubarkose, The
metasubarkoses proper are estimated to comprise 70 fo 85
percent of the feldspathic meétasediments, pebble
conglomerates 10 t0 15 percent, microcline=muscovite=quartitz
schist 2 to 4 percent, banded cuartzite 2 to 3 percent, and
a quartzenuscovite schist 2 to 3 percent, All these rocks
are massive to well foliated and outcrop as rounded knolls

and ridges along valley walls &nd rarely along rldges,

HETASUBARKOSES

interbedded with and overlying the Burned Mountain
metarhyolite 15 a sequence of metasubarkoses as classified
by Pettijonhn and others (1973),., They are massive to weakly
foliated, dark=gray to brownlshegray, often c¢rosshbedded, and
rarely exhibit graded beddin?, Lenses of metaconglomerates
are found throughout the seguence bult are most common near
the base, The crossbedding 1s enhanced by the concentration

of magnetite qgrains on bedding planes,

This roeck can be found oulcroping dacross the entire
area as massive, smooth, rounded to angular knolls and

pluffs, Quartz grains stand out in relief on weathered
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surfaces and the rock breaks along weaklye=developed
foliation planes or with an uneven surface, Fresh surfaces

are a lignt silver to silver=gray,

In thin section the rockK is comprised of 70 to BS
percent quartz, 10 to 15 percent sericite, and 5 to 10
percent orthoclase, #Hagnetile and hematite are common
accessory ninerals and may make® up 5 percent of the rock,

It is poorly to moderately sorted and the average draln size
is 1 to 2 mm, but with a wide range, The quartz drains are
subrounded to angular and are rarely sliaghtly elongate
parallel to foliation which 15 also a result of subparallel

alignment of muscovite and serlcite crystals,

The metaconglomerate lehses contain pebbles and cobbles
of rhyolite (see Fig, 36), red chert, white velin guartz,
muscovite~chlorite scnhist, and phyllite fragments in a
subarkosic matrix, 7The rhyolite, chert, and quartz
fragments are angular to subrrounded and the phyllite
fragments are usually stretched in the plane of follation
resulting in a lineation. The phyllite fragments often
exhibit a foliation different to that in the metasubarkosic

matrix,
MICROCLINE~MUSCOVITE~GUARTZ BCHISBT
Hear the base of the feldipathi¢c metasediment sequence

and interbedded witn metasubarkoses and metaconglomerate

lenses is a fine grained microcline-nuscovite-guartz
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Figure 36

Cobble of Burned Mountain Metarhyolite in Subarkosic

Conglomerate From east of Burned Mountain, section 9, T.28N.

R.T7E.
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schist is uncommon, OUutcrops of this unit are sparse and
discontinuous with the best exposures being in section 9
128N R7E along Rock Creek, 1t outcrops as rounded elongate
knolls or as bluffs along stream banks and 1s massive fo
moderately foliated, It weathérs dgray to brownish=gray, It
breaks along faliatipn planes &nd is light=gray on fresh

surfaces,

Thin section examination shows that 1/2 to 1 mm Qrains
of slignhtly embpayed quartz make up 25 to 35 percent of the
rock, 10 to 20 percent is fire grained guartz, 25 to 35
percent is sericite, 10 to 15 percent is microcline, Epidote,
hematite, and magnetite are Common in accessory amounts, The
gquartz and microcline grains are surrounded by fine grained quartz
and sericite (1 mm) that exhiblts a subparallel to randonm

orientation.

BANDED QUARTZITE

Interbedded with the metasubarkoses, bult above the
Burned Mountain rhyolite an uncommon, finely=bedded
guartzite occurs,., 1Its found orly rarely as smooth, angular
to rounded, reddisnh to prown outcrops, LUt more commonly 4as
float, It is nowhere thicker Than | meter and always
associated with an eqgually rare quartze-muscovite schist,
The banding is a result of concentrations of magnetite
and/or hematite in varving awvounts along what appears to be
bedding planes, The pedding 1§ on the order of millimeters

to centimeters, The unit appears contormable to the
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surrounding metasubarkeses and guartz=muscovite schist, Due
to structural complications and poor autcrop it 1s only
tentatively thought to eccupy only one& stratidgraphic

position,

QUARTZ=-MUSCOVITE SCHIST

As mentioned, accompanyin® the banded guartzites is a
fine grained quartz=muscovite scnhist. This unit is nowhere
thicker than one meter and is light gray te gray on
weathered surfaces, 1t is well foliated and breaks along
the well developed cleavage Planes, It is most commonly
found as float and very rarely as well follated outcCrops,
Quartz, chlorite, and nmuscovlte are tnhe most Common

minerals,

VITREOUS QUAKTZITES

In fault contact with the feldspathic metasediments are
purplishegray to gray vitreous quartzites, They outcrop in
pold, smooth, massive to modefrately foliated, rounded knolls
and bluffs, Jointing is comron as are quartz veins,
Crossbedding is well developed and graded bedding 1s common,
Their true relation to metasubarkoses 1§ unknown, but they
are In probably vounger, The cuartzites have been described
detail by Barker (1958) and Bingler (1965), The reader

should refer to these references for further descriptions,
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Figure 37

Banded quartzite and quartz-muscovite schist which shows
good foliation. From section 9, T.28N. R.TE.
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INTRUSLVE ROCKS

LINEATED GRANODIORITE (MAQUINITA GRANUDIORITE)

Duteroping across the entire northern portion of the
study area is a weakly to moderately foliated aranodiorite
which is gray to darke=grav, hologeneous, and moderately to

strongly lineated (see Fig,3¥), The foliiation and lineation

‘are defined by the distribution and origntation of piotite

knots, These knots are 1/2 to 2 c¢m long and are present

even when foliation is weak,

The granodiorite is best exposed along the upper
reaches of Magquinita Canvon, in sections 3, 4, and b, T,28%,
R.7E, 1t outcrops as massive, rounded to angular knolls and
ridges and breaks witn an uneavVen surface or along foliation
planes, It occurs as a pluton and as dikes and sllls
cutting the Moppin series and feldspathlc metasediments,
Contacts with the country rof€k parallel folliation and are
both sharp and gradational, Xeénoliths are common and range
in size from a few centimeters up to 100°s of meters (see
Plate 1 Sec., 5 and 6, T28H K7:), The contact between the
pluton and the greenschists 1s a "breccila zone" up to 150
meters wide of fragments of YMobpin series rocks in a
granodiorite matrix, Moppin seéries rocks near the
granodiorite, eilther xenelitns or country rock have been
altered by solutions from the dranodiorite, Plagloclase and

quartz seem Lo nhave been addéd,
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Figure 38

Lineated granodiorite (Maquinita granodiorite)
From Magquinita Canyon, section 4, T.28N. R.TE.
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Thin section examination reveals the rock is composed
of 50 to 60 percent plagloclase (albite=cgligoclase) crystals
1 to 5 mm in length which have been slightly sericitized and
ground against tneir neighbors. Quartz crystals 1 to 4 mm
in diameter (often recrystallzed into aggregates of smaller
crystals) and small intergranhular crystal make up 10 to 20
percent of the rock, BRiotite comprises 5 to 15 percent of
the rock, sericite 5 to 10 percent, and epidote,
clinozoisite, and calcite are common in accessory amounts,
The knots of biotite 4/~ chlOrite are oriented in the same
direction and often contain minor calcite and epidote,
fractures in the rock have been filled with muscovite and

minor calcite (3ee Fig, 39).

GRANODIORITE OF SPRING CREEK

This rock was first described by Kent (1980) who
segaratedlit from the Maguinlta Qraﬁcdiarite and is found in
the eastern portions of the study area alonyd Sheep Gulch and
Rock Creek in sections 15 and 242, T284 R7E, 1Its oultcrops
poorly and is moderately to well follated, 1L exhibits
prominent rounded, blue quartz ané plagioclase phenocrvstis,
and a reddish=pink color on veathered surfaces, It was
differentiated from the Maguinita granodiorite by rarity of
biotite knots, prominent quartz phenocrysts, and its
reddish~orange color, It breaks along foliation planes
exhibiting a pinkish=gray color on fresh surfaces and a

finer grained matrix of quartz, muscovite, and chlorite,
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530 mm

Figure 39

Photomicrograph of Lineated Granodiorite, from Magquinita
Canyon, section 4, T.28N. R.7E. (10X and crossed Nicols).
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Contacts were rarely observed 1n the field, but appeared to
be similar to those of the Magquinita granodiorite and the

HMoppin series rocks,

Thin section examinatior reveals bent and broken,
highly sericitized, albite=-carlsbad twined, plaglocliase
phenocrysts comprise 357to 4% percent of the rock, Rounded
aggregates and f£ine grained matrix quartz made up 30 to 45
percent of the rock, muscovite (inc, sericite) makes up 10
to 15 percent, and biotite, chlorite, eplidote, and magnetite
are common accessory minerals, Hematlite was seen in trace
amounts, Cataclastic textures such as broken and bent
plagioclase and strained quart?Z were common, Fractures were

fFllled with muscovite and minor epidote,

GRANITE OF HOPEWELL LAKE (TRES PIEDRAS GRANITE)

The granite of Hopewell Lake is a medium grained
porphyritiec granite similar to the granite outcroping on the
north side of Tusas Mountain, except for peing better
foliated an containing numercus inclusions, Bold rounded to
angular outcrops can be foun®? along Placer Creek and on a
nill northeast of Hopewell Lake (See Fig, 40), The

inclusions range in size fron & few centimeters up to a few

meters, These inclusions are largely mafic Moppin series

rocks and vervy rarely feldspathic metasedinments, Il occurs
as a small pluton and as dikes in the ¢ountry rock,

Contacts with the inclusions and the country rock are sharp,
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This weakly foliasted granite weathers pink, flesh=colored,
or reddish= orange and has gVartz and orthoclase crystals

standing in relief,

Examination of samples 1n thin section reveal the
plagioclase crystals fto be albltewoligoclase (An 5 to 25),
carlsbad=albite twined, sericitized, and often sligntly
embaved, Plagloclase makes uUp 20 to 30 percent of the rock,
gquartz 20 to 30 percent, orthoClase 29 to 25 percent, and
muscovite 5 to 15 percent, *tiotite, chlorite, and epldote
are common as accessory minerals and hematite and magnetite
are rare, Fractures are filled with muscovite +/= minor

epidote and chlorite,
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Figure 40

Granite of Hopewell Lake (Tusas Granite)

From east of Lake,

section 32, T.29N. R.7E.
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APPENDIX TII
EOCK DESCRIPTIUNS AND LUCATIONS

(NE 1/4 NE 1/4 BEC, 21y T,28N, R,7E,) Burned Mountaln
metarhyolite, Fink or reddishe=gray, porphyritic,
weakly foliated felsic schist; 50% quartz, 40%
microecline, 10% muscovite +/~ magnetite, hematite, and
apatite; compares to NecKolds (1954) averadge rhyolite
except enriched in potasslium and depleted in sodium and
iron.

(5E 1/4 SE 1/4 8EC, 16, T,28N, R,TE,) Porphvritic
guartz=muscovite=chlorite schist, Well folliated green
to areenish=gray porphyritic schist; 3%% chlorite, 20%
muscovite, 20% qguartz, 10% fractured plagioclase
megacrysts, +/= magnetite, calcite, epidote, hematite;
compares to Nockolds (1¥54) average tholeiitic basalt
except enriched in silica, alumina, sodium, and
potassium and depleted In calcium and magnesium,

(NE 1/4 SE 1/4 SEC, 16, T,28N, R,7E,) Porphyritic
guartz=calclite=chlorite schist, WwWell foliated green

to greenisn~gray porphyritic schist; 30% chlorite, 25%
calcite, 20% guartz, 1%% muscovite, 10% plaglocClase,
+/~ magnetite, hematite, #&#nd epidote; compares Lo

Hockolds (1954) average tholeijitic basalt except

enricned in alumina, sodium, and potassium and depleted
in calcium and magnesium,

(NW 1/4 NE 1/4 SEC, 16+ T.28N, R,7E,) #Hetagabbro,
Green to gray weakly foliasted calcite~guartz=-chlorite
schist with remnant diakbasic texture; 40% chlorite,
20% calcite, 20% guartz, 10% muscovite, 10%
epidote/clinozoisite; Ccompares to Hockolds (1954)
average gabbro eXcept enriched in alumina and sodium
and depleted in silica an¢ calclum,

(MW 1/4 NE 1/4 SEC, 1bs T,28N, R,7E,) Porphyvritic
muscovite=quartz=chlorite schist, Weakly foliated,
gravish=green, porphyritic schist; 40% chlorite, 20%
quartz, 20% muscovite, 15% calcite, 5% plagioclase
megacrysts, +/= epidote, magnetite; compares to
Nockolds (1954) average tholelitic basall except
enriched in alumina, sodium, and potassium and depleted
in magnesium and calciur,

(NE 1/4 SE 1/4 SEC, 21, T,28%, R,7&,) Burned Mountaln
metarhvolite, Porphyritic, pink, weakly foliated
felsic schist: 50% quartz, 35% microcline, 15%
muscovite, +/= magnetite, hematite; compares Lo
Nockolds (1954) average rhyolite except depleted in
sodium and iron,
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(W 1/4 N# 1/4 SEC, 9, T,28H, RK,7E,) Lineated
granndiorite (#Maguinita granodiorite) moderately
foliated granodiorite: 35% plagiloclase, 20% guartz,
15% biotite, 10% microclinte, 10% chlorite, 5%
epidotes/clinozoisite; compares to Nockolds (1954)
average dgranodiorite except enrlched in alumina and
sodium and depleted in calcium and potassium,

(S8W 1/4 8E 1/4 SEC, 5B, T.28N, K,JE,) Undivided Moppin
schist near intrusive, Weakly follated greenish=aray
porphyritic calcite=guartZ=chlorite scnist; 30%
chlorite, 25% quartz, 2%% calcite, 20% plagloclase
megacrysts, +/~ epidote, magnetite; compared to
Nockolds (1954) average tholeiitic basalt this rock is
enriched in silica, alurmira, and sodium and depleted In
magnesium, calcium, and potassium,

(NF 1/4 8W 1/4 SEC, 32, T,29%, R,7kE.) Granite of
Hopewell Lake (Tusas gréanlte) weakly foliated granite;
40% plagioclase, 30% quartz, 20 % potassium feldspar,
+/= epidote, hematite, matnetite, biotite; compares to
Nockolds (1954) average granite except enriched in
alumina and sodium and derleted in potassium,

(8w 174 SEC, 33, T.298., R,7E,) Lineated granodiorite
{Maguinita granodiorite) moderately foliated
granodiorite; 30% guartz, 30% plagioclase, 20%
bilotite, 10% microcline, 5% muscovite, +/= magnetite;
compares to Hockolds (1¥54) average granodiorite except
enriched in sodium and depleted iIn calcium and
potassium,

The intrusive rock®s pe?regrapnic classifications werse

using estimated modal percentages and Streckelsen

classification (1973),



