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ABSTRACT

Detailed mapping in the Tusas Mountain area has
revealed the occurrence of a Proteroroic metavolcanic-

metasedimentary supracrustal terrane which has been complexly

deformed and intruded by early- tTo syn-tectonic granodliorites

t-tectonic granites. The supracrustal

f1

L

and late- tTo pod
seguence contains a mafic volcanic-volcaniclastic rock

sequence, felsic schists, and arkosic sedimentary rocks. The
mafic volcanic-volcaniclastic series consists in large part

neisses with

]

of chlorite-hornblende pnyllites, schists, and
minor horizons of hornblendites, metapelites, a mafic

pyroclastic breccia, meta-argillites, and two types of dlron
formation (hematite-guartz and magnetite-quartz ironstones) .
The mafic sequence 1s unconformably overlein by two felsic
schists, one interpreted &s a metarhyolite and the otner as a
distal, reworked facies of the metarhyolite. Overlying the

felsic schists are arkosic sedimentary rocks and juxtapcsed

bt

thick

[

by faulting are subarkoses, pelitic schists, and &
sequence of quartzites. The relative age relaticnships
between the faulted sections cannot be determined within this
study area.

The supracrustal successilon has been deformed &at
least once by isoclinal folding and evidence for complex

folding is discussed. Metamorphism in the Tusas Mountailn

area increases from northwest to southeast. Metamorphic
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(or oligoclase); in the southeast the
contain hornblende + oligoclase and the pelitic schists
contain garnet + kyanite + muscovite + staurclite.

Major element analyses reveal tnat the veclcanic

rocks in the Tusas Mountains are bimodal, with calc-alkaline

or tholeiitic basalits and tholeiitic rhyclites. Two

2
pa
P
o
=
o
w

granodiorites which can be distinguished by field c¢

are also chemically distinct.

-4

Evidence Tor two tectonic settings is proposed: 1)
an extensional envirornment to yield a supracrustal successicn

% of bimodal velcanic rocks and arkosic sedimentary rocks, and

2) a compressional environment to produce the events

: following the depcsition of the supracrustal rocks (eg., the

deformation and metamorphisz).
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INERODUCTION

General Statement

i
T
3
o
i

The Precambrian exposures in the Tusas Mountains
are the most nortnerly occcurrence of Precambrian rocks in New
Mexico west of the Rio Grande. Major rock units in the Tusas
I Precambrian terrane are felsic intrusives (including
trondhjemite, granodiorite, guartz monzonite, and granite
compositions), pelitic schists, guartzites, felsic schists,

A

and a stratified sequence of mafic volcanic and

: volcaniclastic rocks (the Moppin series). Conclusions of

@
i
i
B
¥
i
:

’ previous studies as to stratigraphic sequence, nature orf

+

ts, nd zmount of deformation in this area have been

m

contvac

based only on reccnnalssance-type mapping. This project,

however, has involved mapping portions of the Moppin series,
felsic schists, and arkosic sedimentary rocks in detail and
uses supportive petrographic and major element geochemistry
to: 1) tentatively define the Precambrian stratigraphy of

the Tusas Mountain area, 2) identify two phases of

syntectonic granodiorite intrusicns and one post-tectonic

granite intrusion, 3} identify two types of iron formation,

L) interpret the nature and grade of metamorphism, 5) examine

structural fabrics within the area, and &) evaluate this

terrane with respect to other Proterozoic sequences in the

southwestern United States.
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Location and Access

The study area includes approximately twelve sguare
miles in east-central Rio Arriba county, northern New Mexico
(figure 1). Four 7 1/2-minute quadrangles (Burned Mountain,
Canon Plazs, Las Tablas, and Mule Canyvon) include portions of
the study aresa (figure 2). The easbern boundary is slightly
west of the Rioc Tusas and extends westward to the ridge
hetween Rock Creek and Sheep Gulch; it 1s bounded on the
north by Tusas Mountain and on the south by Guartzite Peak
and the northern flanks of Kiowa Mountain.

New Mexico Highway 64 between Tres Piedras and
Tierra Amarilla skirts the eastern edge of the map area and

into the Tusas Mountain area is provided by

[69]

direct acces

state highway 111 (the Burned Mountain road) and by a very

¢
i

zood logging road along Cunningham Gulch Ridge. Forest roads
along Cow Creek and American Creek permlt access by car to
the eastern edge of the study area; the Cleveland Guleh road

provides access to the middle part of the area by truck or

four-wheel-drive vehicles. New or old logging roads are

ubiquitous.
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A

: Frevious Investigations

The study area of this report has been mapped
previously four times (flgure 2). Just (1937) named the

major Precambrian units in an early investigation of the

3

. He interpreted a layered seguence of

—

9]

Tusas Mountaind

4

metasedimentary rocks {the Hopewell series) to be the oldest

1.3

rocks; interlayered mafic and felsic flows were called the

Picuris basalts and the Vallecitos rhyolites, respectively.

The youngest Precambrian unit in Just's stratigraphic

B D S

suceession was a thickx seguence of quartzites which he nemed
the Ortega gquartzite. Barker (1954, 2958) remapped a portion
of Just's area (the Las Tablas 1l5-minute guedrangle). He
combined the Hopewell series and the Picuris basal®ts into the
Moppin metavolcanic series, renamed the Vallecitos rhyolite
the Burned Mountain metarhyoliite, and subdivided the Ortega
guartzite of Just into two distinct units. Barker restricted
the "Ortega cuartzite" proper to quartzites he interpreted as
older than the Moppin, while quartzites interpreted as
younger than the Moppin metavolcanic series were renamed the
Kiawa Mountain formation. (This report uses the spelling on
USGS guadrangle maps: Kiowa Mountain.) RBarker divided
Just's Tusas granite into two different units, the Maguinita
granodiorite and tne Tres Piedras granite. He alsc noted
that a fine-grained granite underlying Tusas Mountain was an

atypical porphyritic phase of the Tres Piedras granite.

Carpenter (1968) studied the metamorphic mineral assemblages
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5
in a small area west of Tusss Mountailn and¢ suggested that the
Moppin had undergone LWO periods of deformation (ratner than
a single period of iscclinal folding as proposed by Barker).
Carpenter presented evidence for a period of strike-slip
shearing which followed isoclinal folding. MeLeroy (1970)
studied the Precambrian iron deposits to the socutheast of
Tusas Mountain and on Iron Mountain (northwest of this

study ). 4e subdivided the Moppin metavolcanic series into

e}

metamorpheosed rhyolites, mafics, and arkoses, and proposed
hydrothermal origin for the iron deposits.

Parts of Just's and Barker's map areas whnich do noc
overlap this study area have been remapped 1n greater detaill.
Lindholm (1964) studied the structural petrology of the
Ortega guartzite in the Ortega Mountains. Bingler (1965)
mapped the LaMadera 7T l/Eminqte quadrangle, Hutchinson (1968)
the Burnedé Mountain area, and Ritchie (196¢) a portion of the

new Las Teblas 7 1/&minute gquadrangle. Shoemaker (1948) and

—

[}

Treiman (1977) mapped identical areas of the 0Ojo Caliente
1/2-minute guadrangle. These various investvigators differ in
detail from Rarker and either partly or completely
reinterpret his petrographic, stratigraphic, and structural
conclusions. Whereas Hutchinson essentially retalined
Barker's nomenclature, Bingler, Ritcnie, and Treiman referred
to units by their mineralogical compositiocns (see Table 1 for

an approximate correlation of these different units).

Gresens and Stensrud (1974) and Gresens (1976) interpreted
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several units previouvsly msapped as guartz-muscovite schists

in northern New Mexico {within the Tusas Mountains and the

g

icuris Range) as metarhyolites. They also proposed a return

to Just's original stratigraphy in the Tusas Mountains, that

b

D

is, one guartzite {(the Ortega) underlain by a series of
sedimentary and mafic volcanic rocks interbedded with

‘hyolitic volcanic rocks.

~

Muehlberger (1960) reviewed the Precambrian geology
of the Tusas Mountains retaining Barker's terminology, and

Pingler (197L) correlated Precambrian divisions of previous
& '

\

workers using non-genetic metamorphic terminclogy in place of

stratigraprhic names. He also presented descriptions of the
major rock units and reviewed problems of recent
interpretations with those units-.

Bingler (1965) presented evidence for three
episodes of deformation in the Precambrian of the LakMadera (7
1/2-minute) guadrangle and Treiman (1977) attempted to
simplify the structural interpretation to one perica of
deformation with %two overlapping episodes. Tvidence for as
many as four thermal and/or tectonic "events" i1s provided by
geochronologic data. Published U~Pb dates include 1715 To
1765 m.y. for the Burned Mountain metarhyolite (BParker and
Friedman, 197h), 1670 to 1715 m.y. for a syntectonic
granodicrite (Barker and Friedman, 1974), and 1625 m.y. for
the Tusas granite (Maxon, 1976a,b). (All zircon dates have

a

been corrected by -2% to correct for new decay constants.)




Ve

50 mey e,
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Metamorphic ard/or Lectonic events at 1250 m.y .,

1425 m.y., and 1625 m.y. are defined by whole rock and

-

rom the Tres Piedras

jul

mineral Rb-8r isochrons and K-Ar dates
granite (Maxorn, 1976), nornblende-chlorite schists (Gresens,
1975), feldspethic schistis (Long, 1972; Gresens, 1975) and
pegmatites (Long., 1972: Gresens, 1975). Dates for other

; Mexico have Dbeen

-y

Precambrian rccks of nort!

i
I
(B
3
o
P
o
‘,J
=
8]
Pt

reported by Barker and othners (197L) and summarized Dby

Brookins (197k).

Eased on available geocnemical, ilsotope, trace

J

ies, various tecztonic medels for

s
o
jol

element, and regional s

f

the Precambrizn rocks of northern New Mexico have heen
proposed. DBarker and others (1973, 1976) and Condie (1975}
have proposed variations of a subduction zone tectonic
setting. Condie and Budding (1979) have proposed a
north~trending multiple rift systemn extending throughout the

o

southwestern United States between 1.9 and 1.2 b.y.

Methods of Investigation

4 twelve square-mile area in the Tusas Mountailn

area was selected for detailed study of the Precambrian

ared was ma ed on a scale of 1:12,000 during the
) g

[t

rocks. Th
summer months of 1978 and 1979. Eighty thin sections were
studied and 12 samples were analyzed for major elements and a
few trace metals. The chemical analyses were done by the
atomic absorption method at the New Mexico Bureau of Mines

and Mineral Resources by Lynn Brandvold.
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TERTIARY ROCKS Inh THE TUSAS MOUNTAIN AREA

Tertiary rocks which unconformably overlie the

Frecambrian are the only Phanerozoic rocks present in the

by
¢4

a- They have been studied in detail by

{0

Tusas Mountain

Butler (1946, 1971) and Barkxer (1954, 1958). Within this

3

\O
-1

[

"y PR . - - - .~ " . »«"}\ K
mly Tertiary unit mapped by Barker (1958) is

{

a)
1y
o

study area, Lh:
the rhyolite member of the Los Pinos formation. However,
along either side of the mouth of Cleveland Guleh (sec. 33,
T.28N., R.8E.) =2n approximately 30 meters thick conglomerate
similar to Lhe Rititce Conglomerate {described by Barker)
unconformably overlies the Precambrian. The clasts in this
unit are slabby fragments (gravel size to over one meter 1in
longest dimension) of mostly gray, vitreous Precanmbrian
quartzite and minor amounts of Precambrian schists znd vein
QUATTZ. The unit is poorly sorted, poorly bedded, poorly
consolidated and wesathers to bold c¢liffs and rubble-covered
slopes. Overlying this unit in the Cleveland Gulch area and
along tThe northern slopes of Spring Creek is a poorly-sorted,
poorly~ to moderately-consolidated but well-bedded
conglomerate (Barker's rhyolite member of the Los Pinos
formation). It is composed predominantly of intermediate to
rhyolitic volcanic clasts; basalt and Precambrian clasts are
minor. The clasts are rounded to subrounded and range from

gravel size to over one meter in length. Cross bedding can

be observed in the finer layers and graded bedding can he
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observed on two scales: on a gross scale of abtout 3 meters
and on a finer scale of less than 0.5 meter 1in the sandy
layers. On steep slopes this unit ferms bold cliffs but on

gentle slopes outcrops are rare and only gravels and cobbles

cover the ground.

ite Boulder Fields

-
s
4
G
3
s
!
T‘J
=1
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Along the ridgetops north of Spring Creck and Deer
Park are large areas covered solely with Precambrian vitreous
guartzite boulders. These areas were previously included by
Tovprinor (1090 e it s Lhe Precaombrian (e the upper Kinwa
Mountuin lormabion).  The luck of outcrops within Lhese
boulder fields, together with the understanding of
Precambrian stratigraphy gained from this study, suggest that
these areas are not actual outcrops of vitreous guartzite.
These boulder fields are difficult to interpret but are most
probably of Tertiary age and may represent either paleotalus
deposits or paleo-valley fill. The guartzite clasts range
from gravel size to an excess of 6 meters; most commonly they

are less than one meter in diameter.
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PRECAMBRIAN GKEOLOGY

General Precambrian Geoclogy of the Tusas Mountains

Precambrian rocks are exposed in the Tusas
Mountains from Ojo Caliente to north of the Brazos Box.
Tntrusive rocks of several different compositions are part of
the Precambrian terrane. Trondjhemites crop out north of the
Brazos Box; their absclute age and their relationship to the
rest of the Precambrian rocks is not known at the present
time. arly- to syn-tectonlic granodiorites are found in the
Tusas Mountain area and westward, late- to post-tectonic
granites intruade the entire terrane. Quartz veins are common
everywhere and pegmatites are abundant south of Kiowa

Mountain-. A mafic volcanic-volcaniclastic supracrustal

succession crops out in the Tusas Mountain area and extends

0]

westward. Felsic volcanic rocks crop out throughout the
Precambrian terrane and are known collectively as the Burned
Mountain metarhyolite. A thick sedimentary rock series
consists of quartzites, arkoses, and pelitic schists.
Quartzites are found throughout the Tusas Mountains; arkoses
are concentrated mainly in the Brazos Box and to a lesser
extent in the Tusas Mountain area; and pelitic schists which

are minor in and to the north of the Tusas Mountaln ares are

abundant to the scuth.



nbrian terrane (except for the

]

The entire Preca

ranites) has undergone at least one episode of

-l

post-tectonic ¢

P

isoclinal folding and possibly as many as three (Bingler,
1965). Deformation has removed original sedimentary features

- s . - . 5 - a .
1965) but bedding and petble horizons

) ) .
in the south (5

in the Tusas Mountain

i

have been preserved in the arkose
ared.
Metamorpnic grade ranges from greenschlst facles %o

o lower amphibolite facies; there is & general increase in

metamorphic grade from northwest to scutheast. Reported

(e}

mineral assemblages chearacteristic of greenschist
metamorphism include albite-chlorite-muscovite and

muscovite-albite-biotite~epidote in the south (Bingler,

1965), and chiorite-albite in the north (Barker, 19587,

Andesine-hornblende (Bingler, 1965) and muscovite-

[N
e

M
621
6]
]
ot

oligoclase-staurolite~kyanite-garnet (Rarker, 1958) rep
the amphibolite metamorphic assemblages.

Field relations show that in the Tusas Mountailn
area the mejority of the mafic volcanism preceded the onset
of felsic volcanism. Radiometric dating places felsic
volcanism between 1715 m.y. and 1765 m.y. {(Barker and others,
1974), syn-tectonic plutonism between 1670 and 1715 m.y.
(Barker and others, 1974) and post-tectonic granite
emplacement at 1625 m.y. (Maxon,1976a,b). Pegmatite
emplacement was sporadic but probably peaked around 1450 mey.
(Gresens, 1975). Other thermal events have been reported

between 1350 and 1250 m.y. (Gresens, 1975; Long, 1972).




SRR 2 R VDALl

[

—
Iz

Straetigrapny of the Tusas Mountain Area

Bingler (1965) warned that unraveling a
stratigraphic sequence in Precambrian rocks of the southern

Tusas Mountains (La Madera quadrangle) is virtually

impossible due to multiple episodes of deformation including

ann S-1 episode of mass movement and unrestricted flowage.

)

Because of such extensive deformation, Bingler suggested that
the present compositional bending in that area bears no

;.:, resemblance to the original stratigraphy. Bingler based his
conclusions on detailed structural analyses and on the
absence of preserved sedimentary features. The presence of
Bingler's S~1 event in the Tusas Mountain area has not been
conclusively demonstrated at this time. DBedding and other

original sedimentary features have been preserved in a few

outerops, and individual units can be traced along strike for
several nmiles. Therefore, a stratigraphic sequence for the

Tusas Mountain area will be proposed. If, however,

subsequent work demonstrates that the Moppin series has
experienced two episodes of folding, the stratigraphy
presented below will require substantial revision.

In this study, metamorphic rock names are not used
when there is little doubt as to the original nature of the
reck unit. Thus, a metavolcanic rock will be referred to as
a volcanic rock, a meta-pebble conglomerate as a pebble

conglomerate. When metamorphic names are used, the minerals
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will be listed inp increasing order of abundance. A
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muscovite-bictite-gu mplies biotite 1s more
abundant than muscovite and guartz is more abundant than
biotite. Foliation will be used as a general term tO

designate a planar element in & metamorphic rock, whereas

schistosity will imply the alignment of platy minerals to

N

such an extent that weathering and breakags easily follows
the planes of allgnment.

The stratigraphy for the supracrustal succession in
the Tusas Mountain area is presented in figure 3 and table 2.
The lowermost porticn of the supracrustal section crops out
along Cunningham Gulch (north of this study area), however
“he base of the supracrustals 1s not exposed. Within this
study area the lowermost unit is a porphyritic basaltic
andesite (Barker, 1958, p. 16). Overlying this porphyry is a
series of volcaniclastic sedimentary rocks, mafic volcanic
rocks, and hematite-quartz ironstones. Near the top of this
mafic section, on the east side of the area, is a series of
felsic to.intermediate phyllites with minor greenschists
which are interpreted as volcaniclastic shales, mudstones,
ironstone, and minor mafic igneous rocks. Mafic lgneous and
voleaniclastic rocks overlie the phyllitic section. This
entire sequence is the equivalent of Just's (1937) Hopewell
series and Picuris basalts and Barker's (1958) Moppin
metavolcanic series. In this report this section i1s referred

to as the Moppin series.
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t |__vireous quorizite
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oo o | . orkosic sedimentary rocks

f pebble

chiorite phyllite

felsic voicaniclastic schist
meto-argillites

Burned
Mountain metarhyolite-Z

/mofic pyrociastic breccia

meto—pelites

mognetite—quariz ironstone

hornblendites

chlorite -~amphibole /] )

: |_granodiorite
schists ¢

hematite-quartz ironsione

,:/.

basaltic~andesite
porphyry M»——-’\

| -Tusas granite

Figure 3. Diagramatic stratigraphic column for the Tusas
Mountain area.
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Overlying the Moppin series with angular
unconformity are interbedded pebble conglomerates, arkoses,

and felsic volcanic rocks. Just included the pebble

m

conglomerate and arkoses within the Hopewell series and he

anic rocks the Vallecitos rhyolite.

<

called the felsic vol
Barker nazmed the pebble conglomerate the Jawbone
conglomerate, included the arkoses as part of the upper
quartzite member of the Kiowa Mountain formation, and renamed
the felsic volcanic rocks the Burned Mountain metarhyolite.
In this study the pebble conglomerates are part of the
arkosic seguence and the distinctive felsic volcanic rock in
the western part of the area will continue to be called the

e

Burned Mcuntain metarhyolite. 4 mappable felsic schisvt

L.

g
the eastern part of the study area which 1s tentatively
identified as 2 distal facies of the Burned Mountain

- metarhyolite is referred to as the muscovite~feldspar-quartsa
schist. Coarse arkosic sandstones and felsic volcaniclastic
rocks predominate in the east whereas the pebble conglomerate
and the Burned Mountain metarhyolite are confined to the
western edge of the area. A major fault along Spring Creek
valley Jjuxtaposes subarkose, pelitic schist, and vitreous
quartzite on the south (Just's Ortega, Barker's upper
quartzite member of the Kiowa Mountain formation) against the
arkosic sequence on the north. The relative age relationship
between the rocks on either side of the Spring Creek fault is

not known at this time.
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Mafic volcaniclastic and volcanic rocks comprise
the oldest portion of the supracrustal succession in the
Tusas Mountain aresa (although 1t is possible that the
vitreous quartzite may ultimately prove to be older). The
minimum age of this series is constrained by a date cn the
overlying Burned Mountain metarhyolite of between 1715 and
1765 m.y. (Barker and Friedmar, 197L). The mafic succession
consists of chlorite-amphibole phyllites, schists, and
gneisses, meta-pelites, iron formation (both hematite-guarte
and magnetite-quartsz ironstones), hornblendites, a mafic
pyroclastic breccia, and meta-argillite. Large scale
cyclicity typical of many Precambrian greenstone terranes
(eg., repeated successions of mafic volcanic rocks overlailn
in turn by felsic volcanic rocks, clastic sedimentary rocks,
and iron formation or cherts) has not been recognized in the
Moppin series.

The chlorite-amphibole schists comprise
approximately T3 percent of the Moppin series, an estimated
65 percent of which is interpreted to be volcaniclastic
sedimentary rocks. Chlorite +/- biotite +/- actinolite
assemblages in the northwestern part of the Moppin grade

southeastward into hornblende +/- biotite assemblages.
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Sedimentary rocks can be distinguished from volcanic rocks in

the field by their lithological and textural inhomogeneity,

highly schistose nature, 2ndé compositional banding. Volcanic

rocks are typicelly more massive and are characteristically
phenocryst-bearing. The field distinctions are supported by
L thin secction exemination: ryocks interpreted as

voleaniclastic sedimentary rocks in the field are typically

=

more gquartz-rich whereas lgneous rocks are cnaracterized DYy

g chlorite + plagioclase or amphibole + plagioclase mineral

assemblages.

Several coarse-grained hornblendite units
(averaging less than 3 or 4 meters in thickness) are
ultramafic in composition (table 3, p. 6L). They are
mappable horizons in the eastern half of the map area but
their distinctive character is lost westward along strike as
the schists become dominated by greenschist metamorphic
facies. They are stratigraphically concordant but no
evidence was observed as to whether these rocks were
extrusive or intrusive.

Ironstones within the Moppin series are of two
types: the older units, interbedded with amphibolites and
gneisses, are hematite-guartz ironstones; younger units,
interbedded with fine-grained clastic sedimentary rocks, are
magnetite~quartz ironstones. The hematite-guartz ironstones
form unbanded massive units which are traceable up to 7

kilometers alcng strike. OQutcrops characteristically have a




sugary texture and display mottled colors (due to
brecciation?) of light to dark pinkiéh brown, black, brown,
and grayish white. Rounded "clasts” of sugary gquartz grains
of one color are surrounded by sugary cuartz of another

and chiorite are discontinuous and

[$Y

color. Veins of hematit
irregular. Mezgnetite~quartz ironstones form dark
purplish-black, banded outcrops in whiech magnetite-rich bands
(1ess than 1 mm to several centimeters thick) alternate with
gquartz-rich bands and lenses (1 to 20 mm in width). In
addition, the magnetite-guartz handed portions are
interlayered with Felsic and chlorite phyliites and schlists
{metapelites) which commonly contain disseminated magnetite
octahedra. A detailed discussion of the iron formation 1is
given in a following section-.

The metapelites are typically chlorite phyllites,
biotite-feldspar-guartz schists, muscovite~-feldspar-guartsz
schists, and bictite-quartz schists. These schists are well
foliated and color bands and lenses are common. They are
interbedded with the magnetite-guartz ironstones and a few
mafic schists and hornblendites. Magnetite octahedra are
common and infrequently form thin stringers and rectangular
outlines. The chlorite phyllites (and in places,
piotite~feldspar-guartz and biotite-quariz schists) contailn
abundant white spots flattened in the plane of foliation that

may be retrogradecd cordierite.
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A mafic pyroclastic breccia occurs near the top of
the Moppin series and contains poorly-sorted, angular,
rounded, or irregularly-shaped clasts (from very small to 20
cm in length) in & medium-grained amphibolite matrix. The

clasts are of three rock types: fine-gr

Q.

ine

m

plagicclase~rich amphibelite, fine-grained plagioclase-poor
amphibolite and porphyritic amphibolite. The western
outcrops also contailn guartzitic clasts. Bedding and channel
scours are preserved 1in some outcrons.

L horiszon of meta-argillites forms green and gray
outcrops in which color bands are generally less than 1 cm
thick. The bands are composed of varying amounts of biotite,

muscovite, quartz, feldspar, epidote, and chiorite.

Felsic schists

Two felsic schist unité overlie the Moppin saries.
The Burned Mountain metarhyolite is associated with pebble
conglomerates in the arkosic sedimentary rock section on the
wvestern edge of the study area. The second felsic schist 1s
east of, but apperently at the same stratigraphic level as,
the Burned Mountain metarhyolite. It is mapped as a

muscovite-feldspar—-quartz schist and it is interpreted as a

distal, slightly reworked, facles of the Burned Mountain
metarhyolite. A zircon age for the Burned Mountaln
metarhyolite is between 1715 m.y. and 1765 m.y. (Barker and

others, 197hL).
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The Burned Mountazin metarnyolite and the
muscovite~feldspar-quartz schist appear to overlie the Moppin
series with an angular unconforwmity. The unconformable
contact between the felsic schists and the Moppin series
cannot be observed directly in outcrop; however, two lines of
evidence support an unconformable relationship between the
two: 1) several horizons in the Moppin series are apparently
truncated by the felisic schists (eg., the mafTic pyroclastic
breccia, the iron formation and its enclosing metapelites,
gesting that uplift and erosion

o)

and the meta-argillites) su

{
o]

preceded the deposition of the felsic schists; 2) the
association of interbedded pebble conglomerates with the
Burned Mountain metarhyolite further suggests an extended
period of nearby uplift and erosion which both preceded and
accompanied felsic volcanism.

Three horizons of Burned Mountain metarhyolite are
separated by pebble conglomerates and other arrzosic
sedimentary rocks in sec. 22, T.QBN., R.TE. These horizons
of Burned Mountain may be either three stratigraephic horizons
or a single unit repeated by isoclinal folding. Additional
structural work now underway (T. Gibson, 1980, personal
commun. ) should help to identify the correct interpretation.
The Burned Mouﬁtain metarhyclite forms bold outcrops with
brick red or grayish-pink weathered surfaces; schistosity is

usually poorly developed and samples break with a concholdal

fracture. The Burned Mountain is characterized by
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¢ of guartz and potassium feldspar

approximately equal nunmber
phenocrysts and an aphanitic silicic groundmass. Some
samples contain light-gray aphanitic stringers and lenses of
reddish to grayish lenticular aggregates of [fine-grained
material that are interpreted to be flattened punice
fragments.

Four lines of evidence support a largely extrusive
origin for the Burned Mountain metarhyolite within and to the
west of this study area. 1} There are no signs of intrusion
such as intrusive breccias, xenoliths of country rock, or

vE & sharply

o]

discordant contactis. 2) The metarhyolite displ
restricted stratigraphic distribution, occurring only within
the arkoses. 3) Cobbles of the Burned Mountain metarhyclite
have been found within the overlying pebble conglomerates (T.
Gibson, 1979, personal commun.) which indicates that the
metarhyolite was available for erosion soon after its
emplacement. &) Eutaxitic textures and flow banding are
prominent in the outcrops on Burned Mountain (sec. 8, T.28N.,
KE.TE.) and to a lesser extent in the outcrops of Sheep Gulch.
411 of the above features are consistent with an extrusive
origin.

The muscovite-feldspar—-guartz schist forms bold,
highly schistose outcrops. The schist 1s usually white and
forms satiny yellow, reddish-brown, or greenish-white

weathered surfaces which have prominent quartz phenocrysts in

relief. This schist is characterized by 5 to 10 percent



prominent quartz phenocrysts (1 to 3 mm in length), and 0 to

10 percent microcline phenocrysts (2 to 4 mm in length) and

10 to 20 percent muscovite. Also present are 2 U0 I
pyrite cubes, 1 mm magnetite octahedra, and 0.5 to 1 mm
biotite flakes. Lenticular shapes suggestive of relict
pumice fragments (up to 5.0 mm in length) are present in
outcrops above the Moppin Ranch (sec. 26, T.28N., R.TE.).
The muscovite-feldspar-quartz schist differs from
the Burned Mountain metarhyolite in appearing to be less
silicic (although no chemical analyses for the
muscovite-feldspar-quartz schist are gvailable), in having a
much higher muscovite content, having fewer microcline
phenocrysts, and in being more schistose. These differences
could be explained in three ways: 1) the
muscovite-~feldspar-quartz schist could be a reworked
epiclastic equivalent of the Burned Mountain metarhyolite;
2) the muscovite-feldspar-quartz schist could be a sheared
equivalent of the Burned Mountain metarhyolite; or 3) the
muscovite-feldspar-gquartz schist and the Burned Mountain
metarhyolite could be two distinct units. There is very
little evidence for shearing and it seems very improbable
that two units would occur in the same stratigraphic horizon
and not be somehow related. Therefore, this author favors
the first explanation although it is not an entirely
satisfactory explanation. Mapping by T. Gibson (in progress)

suggests the source for the Burned Mountain metarhyolite and
b
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the pebble conglomerates is west of this study area which 1s
consistent with the muscovite-feldspar-quartz schist and
chlorite phyllites being & distal, more easterly, facles of
those units. It is puzzling, however, that lithologic and

textural gradetions between the two assemblages are missing.

Sedimentary rocks

The sedimentary rock section consists of four map
units: arkoses, pelitic schists, subarkoses, and vitreous
gquartzite. The relationships between the sedimentary section
and the Moppin series, as well as among the various
sedimentary members, are not always clear and various
interpretations have been made in past studies.

Arkosic sandstones and shales, subarkoses, and
minor quartzites and mafic schists between sec. 22, T.28N. ,

2

2. 7E. and sec. 3 T.28N., R.8E. and in secs. 33, 3L, T.28N.,

>
E.BFE. are associated with the felsic schists and appear 1o
unconformably overlie the Moppin series. They are
predominantly fine-~ to medium-grained, finely to moderately
laminated, poorly-sorted arkoses. Rounded gquartz, feldspars,
and opaques are generally less than 1 mm in size, and are
contained in an orangish-yellow, micae-rich matrix; biotite 1is
usually minor or absent. less common rock types include
coarsely recrystallized gray quartzite with minor

interstitial muscovite; biotite-gquartz (+/- feldspar)

{sometimes phyllitic) schists in alternating dark and light
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bands, greenish-gray phyllitic schists which may contaln
visible rounded guartz grains, and gray spotited phylliites
with rhombohedral cavities (weathered-out siderite?).

Pebble conglomerates on the west side of the field

ct

area contain highly flattened clasts (up to 16 cm in length)

e

primarily of bvlack hematitic chert, vein quartz, and felsic
schists with rare clasts of red chert. Clasts of mafic
schists are very rare. The matrix is typically purpllish greay
and composed of fine-grained quartz and muscovite. Pebble
conglomerates which contain only angular clasts ol guartlz (1
to 3 cm in length) crop out on the east side of 882C hill
(sec. 34, T.28N., R.8E.).

Subarkoses, composed primerily of quartz with
varying amcunts of feldspar and muscovite, form bold
light-gray outcrops. Typical coutcrops are well bedded and
contain preserved pebble horizons. Subarkosic rocks are
isoelinally infolded with the pelitic schists along the
Spring Creek roadcuts (sec. 33, T.28N., R.8E.).

The pelitic schists map unit contains four major
rock types: hornblende gneisses, amphibolites, mica-quartz
{(+/- garnet) schists, and kyanite-garnet-staurolite-mica
schists. The hornblende gneisses are thinly interbedded with
the mica-guartz schists and are banded, well-foliated
mica~quartz-hornblende gneisses. The amphibolites are more
massive and thicker than the hornblende gneisses. They are

green and white, medium- to coarse-grained, and contain
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hornblende blades up to 15 mm in length which are ranpdomly
oriented within the planes of foliation. Mica-guartz (+/-
garnet) schists are light gray, highly schistose and Triablie,

and well banded due to varyin proportions of biotite and
5 g I P

%

muscovite. Red euhedral garnets up to 20 mm in length are
abundant in some layers. Plagioclase grains, 2 to T mm long,
also occur in some of the bands. Kyanite-garnet-

staurolite-mica schists form distinctive light reddish-gray

outcrops which appear conglomeratic due 1o a bumpy surface

L—

created by staurolite porphyroblasts (1 to Y c¢m in diameter
The pelitic schists and subarkoses exposed 1in the
Spring Creek roadcuts (sec. 33, T.28N., R.8E. are
problematic. First, they are dissimilar to the otner units
in the map area although similar subarkoses crop out to the
west in Rock Creek (sec. 21, T.28N., E.7E.) and pelitic

schists are reported to the south in the Las Tables

gquadrangle by Ritchie (1969). Secondly they are isoclinall
folded on a scale that is not present in the rocks to the
north and northwest. Folds along the Spring Creek road have
wave lengths of several meters to several 100's of meters,
display axes that plunge steeply to the SS8E, and have
apparently repeated the section several times. Small guartz
and pegmatite veins occupy the axial portion of each fold.
Thirdly, they contain a suite of metamorphic alumino-silicate
minerals not present elsewvhere. For these reasons, it is

suggested that these rocks may not be correlable with the
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faulted intc thelr present position.

Vitreous quartzite reported by Bingler (1965) to be
99 percent gqguartz has heen variously interpreted in the past
as the yvoungest and oldest of the stratified rocks- The
guartzite is in faul?l contact with the rest of the
supracrustal succession and its stratigraphic relationship
cannot be determined within the Tuses Mountain area. It
forms massive, pcorly-schilstose ocutcrops which weather to

purplish-gray, smooth, rounded outcrops which break with

conchoidal fracture. Large~ to fine-scale crossbedding,
defined by purple or black bands, is commonly highly

contorted.
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Iron Formation
Introduction

Iron formations are known to occur in a number of
Proterozoic supracrustal successions of New Mexico and
Arizona, for example, in the southern BSangre de Cristo
Mountains (Robertson and Moench, 1979; Riesmeyer, 1978), the
Pedernal Mountains (Dale Armstrong, 1979, personal commun. ),
the Picuris range (J.M. Robertson, 1979, personal commun-. ),
and in the Yavapai series of Arizona (Anderson and others,
1971). Although Barker (1958) made no mention of the
occcurrence of irconstone in the Tusas Mountains, the presence
of iron deposits in the Cleveland Gulch area and on Iron
Mountain (to the west of this study area) has been noted by
several authors (Bertholf, 1960; Harrer and Kelly, 1963 ;
Harrer, 1965; Bingler, 1968; McLeroy, 1970). There has been
no recorded production from these deposits. The presence of
ironstone in the Moppin series is of interest not only from
an economic standpoint but also for the constraints it
provides on interpretations of the depositional environment
of part of the Moppin series. Because iron formations are
relatively rare, of minor extent, and very poorly understood
in the middle Proterozoic rocks of southwestern United
States, careful attention was paid to the stratigraphic
relationships and the textures preserved in the iron

formation of the Moppin series.

]
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In this report, the terminology for iron formation
will, in part, follow that of kimberley (1978). Ironstone
will be used for a chemical sedimentary rock which contains
greater than 15 percent ircn; iron formation is a mappable
rock unit which is composed mainly of ironstone. Although
the quartz present in the ironstone is interpreted as
recrystallized chert, quartz, rather than chert, will be
used. This terminology will be followed because of the
difficulty in distinguishing between original detrital quartz

grains and recrystallized chert.

Distribution and stratigraphic relationships

Two types of ironstones are found interbedded with
the volcanic and sedimentary rocks of the Moppin series. One
type (in this study, the banded ironstone) is a very
fine-grained banded magnetite-guartz unit intimately
interlayered with the metapelites (described above) in the
upper portion of the Moppin series. The second tyvpe (in this
study, the hematite-quartz ironstone) is a sugary-textured,
unbanded, hematite (+/- magnetite)-quartz unit which is
interbedded with amphibolites and amphibolitic gnelsses in
the lower part of the Moppin series. The hematite-quartz
units have not been previously recognized in the Tusas
Mountains.

The banded ironstone forms a distinct stratigraphic

hovrizon which extends from the eastern flanks of hill 9180
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(sec. 29, T.28N., R.8E.) westward to the middle of sec. 25,
T.28N., R.7E. The contact relations between the ends of the
ironstone and the surrounding schists are not exposed. A
small outcrop of banded ironstone was observed at about the
8800 foot elevation in the NW 1/4, NE 1/4, sec. 32, T.28N.,
R.8E. The area mapped as banded iron formation on Plate I is
a horizon in which ironstone layers are discontinuously
interbedded with other rock types. The aggregate thickness
of the banded ironstone, excluding phyllitic interlayers, 1is
generally 1.5 to three meters. The iron formation was mapped
primarily on the basis of float as outcrops are poor. An
s-shaped fold mapped in sec. 29, T.28N., R.8E. is
diagramatic; abundant ironstone colluvium on the eastern
side of the valley hinders an exact structural
interpretation. Trenches along this horizon show the
ironstone as: 1) stratigraphically concordant with the
surrounding sedimentary rocks (figure 4); 2) made up of
lenticular bodies which thin from a couple meters to several
centimeters across the width of a trench exposure; and 3)
consistently associated with chlorite or felsic
volcaniclastic phyllites (the metapelites). Although the
iron formation does not seem to occur at the same
stratigraphiec level throughout the phyllitic unit (see Plate
I), it is not discordant to the enclosing rocks at any point
along strike. It would appear, therefore, that lensing of

‘units within the phyllitic section or unrecognized



Figure L. Photograph of banded iron formetion. Dark bands
are hematite-quartz ironstone, lighter bands are chlorite
und felsic phyllites (the metapelites).



small-scale faulting within the depositional basin are the
probable causes of the apparently discordant relationship on

Plate I.

Unbanded hematite-quartz ironstone forms several
stratigraphic units. A major horizon extends at least 7T
kilometers along strike from sec. 28, T.28N., R.8E. to the
middle of sec. 23, T.28N., R.TE. Two smaller horizons are
found north of the major one in secs. 20 and 21, T.28N.,
R.8E. and one {or possibly two) to the south in secs. 24 and
29, T.28N., R.8E. The unbanded hematite-quartz ironstones
appear to abruptly end laterally. These horizons form bold
outcrops, appear to be concordant with enclosing
metavolcanics, and in places are interbedded with phyllitic
chlorite schists. The thickness of the beds varies from less

than 3 meters to approximately 15 meters.

Textures and lithology

The banded iron formation outcrops are subdued,
blocky, and a distinctive dark purplish-black color.
Magnetite-rich bands (less than 1 mm to several ceﬁtimeters
thick) alternate with quartz-rich bands and lenses (1 to 10
mm in width). In addition, the gquartz-magnetite banded
prortions are interlayered with felsic and chlorite phyllites
and schists (figure 5) which commonly contain disseminated
magnetite octahedra. Quartz forms either pinch-and-swell

textures or pods completely enclosed within the
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~Figure 5. Photograph of quartz-magnetite ironstone
"illustrating the fine banding between magnetite-rich and

-gquartz-rich layers as well as banding between ironstone
and the metapelites.

i
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magnetite-rich mairix. Laminae in the iron-rich material
bend around the quartz bodies. Quartz bands infrequently
form ptygmatic folds with axes that parallel the foliation.
Other features developed in the quartz-magnetite banded units
are brecciation and possible soft-sediment slumping;

cross bedding or graded bedding were not observed.

In thin section, magnetite grains (0.0l to 0.20 mm)
and magnetite aggregates form bands in which gquartz 1s
subordinate (10 to 20 percent) and hematite occurs in trace
amounts (figure 6). The quartz forms concave boundaries with
the magnetite, a texture that may represent silica filling of
original pore space (Dimroth, 1976). These bands alternate
with quartz-rich bands in which the quartz grains are
polygonal and larger (0.08 to 0.16 mm in diameter) than in
the magnetite-rich bands; magnetite 1s less than 25 percent
and hematite and muscovite occur in trace amounts. Very
small minor folds can be seen in thin section {defined by
'z-ing' of the magnetite-rich bands) as well as round to
oval, 0.2 to 0.4 mm, ragged gquartz grains which are usually
rimmed with hematite. Some thin sectlions also contain thin
(less than 0.25 mm in width) discontinuous
carbonate-magnetite layers. Interbedded chlorite schists are
composed principally of chlorite and quartz with hematite as
the main accessory and only minor magnetite.

The unbanded hematite-guartz ironstone forms bold,

nonfoliated outcrops which typically display mottled (due to
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Figure 6. Photomicrograph of quartz-magnetite ironstone
illustrating the fine banding between magnetite-rich and
quartz-~rich layers.
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trecciation?) colors of light to dark pinkish brown, black,
prown, and grayish white. Banding is only poorly developed
and, if present, discentinuous and irregular. A granular or
sugary texture is characteristic of all specimens. Rounded
"elasts" of sugary quartz grains of one color are surrounded
by sugary quartz of another color. Veins of hematite and
chlorite are discontinuous and irregular.

In thin section this unit is composed almost
entirely of anhedral guartz grains {(0.08 to 0.71 mm in
diameter). Chlorite, hematite, and chlorite + hematite form
discontinuous, nonparallel (0.03 to 0.61 mm in width)
veinlets with hematite usually in the core of the veln and
chlorite along the edges. The chlorite crystals are
subparallel within each wvein, but neither the veins nor the
chlorite crystals in different veins parallel each other. In
some cases the chlorite is perpendicular to the direction of
the vein and these chlorite crystals feather into the quartz
adjacent to the veins; in other cases the chlorite parallels
the direction of the vein. When only chlorite occurs 1in a
veinlet, the chlorite forms aggregates rather than distinct
crystalse.

Behind a small cabin in the upper part of Spring
Creekx (sec. 23, T.28N., R.T7E.) an atypical outcrop of the
hematite-quartz ironstone is white and regularly banded with
chlorite. In thin section, calcite makes up to 50 or 60

percent of the rock. Bands or lenses of polygonal (0.08 to
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0.15 mm in width) quartz grains, with traces of carbcnate and
opagues, alternate with bands of mﬁscovite + carbonate +
guartz and bands of intergrown (up to 0.7 mm in length)
carbonate with only minor gquartz. In the quartz-rich bands,
carbonate is approximately the same size as the quartz grains
and occurs only at corners of the polygonal grains. In the
carbonate-rich layers, however, guartz 1s much smaller than
the carhonate and occurs both within and along grain
boundaries of the carbonate. Chlorite and muscovite parallel
the layering in the rock as well as the long direction of the

carbonate grains.

Discussion

Iron formations are poorly understcod rock types.
Carbonate rocks are apparently the closest comparable rock
type, and indeed recent studies document the similarities
between carbonate and iron formation texfures and structures
(Dimroth, 1975, 1976). Although cherty iron formation is
almost universally accepted to be a chemical rather than
detrital sediment (Dimroth, 1975, 1976; Goodwin, 1962; Gross,
1972; Eichler, 1976) several problems continue to be
enigmatic. Briefly stated the most major of these problems
are:

(1) The source of iron and silica- The wvast

amounts of iron and silica present in iron formations must be

accounted for-. Most speculations center around three main
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alternate sources: contemporaneous volcanic rocks,
continental wééthering products, or normal to abnormal
concentrations in sea water.

(2) Transport and deposition. Major problems
concern the solubility of iron under geologically realistic
conditions, and the characterization of a physical and
geochemical environmen®t in which large amounts of iron and
silica are deposited to the zlmost complete exclusion of
other elements such as calcium and magnesium.

(3) Layering. No totally satisfctory explanation
has been proposed to account for the rhythmic banding which
occurs in nearly all iron formations whereby silica and iron
are concentrated in separate bands on a scale from less than
1 mm to several centimeters.

Until recently, most Precambrian iron formations
were classified as either Superior or Algoma types (Gross,
1965). Algoma types were typically thought to be associated
with volcanic successions whereas Superior types were
associated with continental-shelf sedimentary rock
assemblages. This classification has proven unsatisfactory,
however, because iron formations are now known to occur with
many different rock assocciations and in various tectonic
settings- Kimberley (1978) suggested a classification scheme
based on the paleocenvirconmental interpretation of the
ironstones and their rock associations. He described six

paleocenvironmental types of iron formation. The deposits in




Cleveland Guleh appear to most closely resemble Gross's

H

Algoma type deposits and Kimberlev's
- ; - o . . N YT N - -
Shallow-Volcznic~FPlatform Iron Formation (SVOF-IF). Not only

-+

do they occur within a volcanic pile {the Moppin schists) but

they are thin and areally limited as are the classic Algoma

and SVOP-IF types. In addition they are delicately
laminated, exhibvit soft sediment deformation, and

intraformation brecciation; they lack cross-bedding &nd

oolitic textures.

The banded ironstones in Cleveland Gulch were
thoueh®t bv Mcleroy (1¢70) to be hydrothermal replacement
g » Y 3 e

products of muscovite and chlorite schists by iron-rich
fluids associated with the Tusas granite. McLeroy based his
conclusions primarily on his interpretation of the field
relationships between the Moppin series, the iron formation,
and the Tusas granite. His interpretations include: 1) the
iron formation is cross-cutting to the enclosing Moppin
schists; 2) the Moppin series is primarily a continental

b=
I

the

volcanic seguence; and 3) the granitic intrusives a
source of the iron. Cleose study of these deposits during
this investigation makes a hydrothermal replacement
interpretation unlikely in light of observable field
relationships and preserved textures.

(1) Cross—-cutting relationships. McLeroy ciaimed
that somewhere in Cleveland Gulch the strike of the iron

formation changes 15 degrees over a strike length of 100

-
0]
¢l
&+
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to be largely a seguence
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continental volcanics. He Lased his interpretatlions on: ay
al

the presence of & ravolitic ash-flow tuff (the

muscovite-feldspar-quartz schist) which overlies the Moppin

{0

schists and on b) identifying the metepelites interbedded
with the ironstone as tuffs and flows. This study, however,

interprets the metapelites Lo be finely laminated shales and

o
[

[l
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atzence of preserved lgneous features.

mudstones bas=d on T
This study also presents evidence Tor an epizsode of uplift
and erosion between the Moppin series and the deposition of
the felsic schists which suggests that there may have been
different depositional environments for thne felsic volcanics
and the iron formation. Although conclusive textural
evidence has not been preserved to suggest & subagueous

(

nvironment 'h =s relict pillows in the mafic volcanic

wn

o

2]
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rocks), the presence of a thick phyllitic (shale) horizon
associated with the iron formation suggests & subaqueous
depositional environment.

(3) Granite source. McLeroy propecsed that the

- T

hydrothermal replacement fluids emanated Irom the

9]

usea
granite. Aside from the faci that the Tusas granlte 1s
leucocratic (biotite is very mincr) and does not appear to be
a good source for lron, another protlem exists with this
idea. If the granite were the source for the iron it would
be expected that the iron formation would halo the
intrusives. Instead, the banded ircn formatlon appears on

both sides of a small granite intrusive with no increase 1in
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the width of the deposit next to the granite. The iron
deposits are "asscciated” only with a very =zmall pluton of

on association

8]

the granite (sec. 25, T.28N., R.BE.) and no i
exists with the much larger, mineralogically identical pluton
to the nerth.

For these reasons a hydrothermal replacement origin
for tne Cleveland Gulich deposits 1s considered to be unlikaly
and 1t 1s proposed instead thet the banded ircon formation 1is
part of a sedlimentary sequence deposited during a pause in
volcanic activity (it is commonly assumed that volcanism and

imroth, 1676).

w
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chemical precipitation are antipathetic,
The quartz and magnetite layers are interpreted to be
recrystallized chemical precipitates on the basis of
comparison with other iron deposits and because of the
difficulty in forming alternating bands of pure guartz and

pure iron by mechanical processes. The close association

with chlorite and felsic phyllites (volcaniclastic shales)

wn

uggests gquiet deposition of fine-grained clastic sediments

i
1

alternated with interveals ol chemical precizitation. The

=

3

unbanded hematite-quartz deposits associated with the

by
v
(D

amphibelites fTo the north of the Cleveland Gulch deposits
also interpreted to represent volcanic lulls. The
possibility that these deposits are mechanicaelly eroded
quartzites rather than recrystallized cherts is rejected
because of the difficulty in depositing an essentially pure

gquartzite between mefic volcanic horizons.
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Intrusive Hocks

Granodiorite

Two types of grenodiorite are present within the

A4 tipctive ilineated granodiorite is Barker's

o
»
[EEN
[#3]
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study ar

type Maguipita; in ithis study it is referred to as the
iineated granodiorite. This grancdiorite is gray and white
and poorly foliated. It is distinguished by prominent,
near-vertical lineations of biotite/chleorite koot and 1 to 5
mm plagioclase phenocrysts; quart:z phenocrysts are generally
absent. Trhe granodiorite is apparently concordant to the
enclosing Moppin schists and contacts with the Moppin are
sharp and parallel the foliation of the schists. Large
inclusions of the country rock are only rarely found along
the border of the granodiorite although feisic velns are

common in the country rock within 30 meters of the contact.

A cataclastic texture is promipent in thin sectlons.

2
.
D
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4L second granodiorite, best exposed azlong the upg
reaches of Spring Creek (sec. 27, T.28N., K.7E.), is referred

to as the granodiorite of Spring Creek. The contact with the

lineated granodiorite is both gradational and sharp, but the

!

m

exact chronclogic relationship between the two has noit bee

deterrined-. Foliation in the granodiorite of Spring Creek
parallels that of the country rock; greenschist inclusions

{which are common) also parallel the regional strike although

their dips are often very different from the near vertical
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ones generally found in thne Tusas Mounitain ares. This

UG
-
],41

[ o)

3
471
(@]
oy
10
w
ct

gl
9]
®
—

W

granodiorite is pinkisn gray and hig
phyllitic sheen is common on weathered surfaces). Rounded ,

slightly bluish, quartz phenocrysts {(up to 3 mm) and broken

[

ase phenocryste are prominent on weathered surfaces.
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Riotite/chlorite knots are generally absent. In thin sectilion

s granodiorite differs from the lineated granocdiorite in

th

=8

that microcline, carbonate, and plagioclase are not present

in the groundmass which are present 1n {ihe lineated

granodiorite.

Tusas ranite

)

ranite 13 discordant with the couniry

9

The Tusas ¢

o5

rock on its western margin and concordant on its southern
margine. The contacts with the Moppin series are sharp

country rock

n
kS
s
ot
o
C
jmg
D

although fTelsic material interfinger:

(

-

within 150 meters of the contact. Flourite is commonly found
within the granite and greenschists along the contact.

lens of mafic

M

Xenoliths are absent except for a single larg

mine cut south

o)

schists, possibly & roof pendant, exposed in
of Tusas Peak (sec. 2k, T.28N., R.T7E.). The granite is only
poorly foliated, 1f at all. hree mineralogic variations of
Tusas granite were noted within the major plutcn which are

described in appendix I (p. 135,ff.). All three variations

are intergradational.



r swell exposure of the Tusas granite 1n the
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southeast corner c¢f sec. 25, T.E&N., R. 8E. appears o
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discordantly intrude the lower arkoses and upper portion o

nite
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the Moppin series. This area is covered solely DU
houlders although no actual outcrops could be found. It 1is
possible that this exposure represents a naleotalus deposit

described eariier
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similar to the guartzite bou
rather than another intrusive outcrop.
The Tusas granite is interpreted as a late- to

post-tectonic granitic intrusive. This interpretation is

based on the sharply discordant contacts along the western
edze of the granite and tne general lack of foliation within
the body of the pluton. The concordant foliation of the
porphyritic basaltic andesite ilmmediately adjacent to the
western border of the granite suggests that forceful

intrusion of the granite locally created parallel schistosity

4y

in the country rock. This eature discounts Gresens and
Stensrud (197h, Table 1) suggestion that the Tres Piedras

+ o1
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zranite is the possible basement to the Moppin supracru
sequence. The general lack of schistosity in the Tusas

granite suggests that it post-dated the major period of

bt
on

deformation in the Tusas Mountains. This interpretation
supported by a zircon date for the syn-tectonic lineated
granodiorite between 1670 m.y. and 1715 m.y. (determined by
L.T. Silver, in Barker and Friedman, 1976) whereas the Tusas

granite zircon age is 1625 m.y. (Maxon, 1976a,b).
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Late intrusives

Five varieties of late intrusives
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Precambrian rocks of th
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types are qguartz veins {and pegmat
amphibolite dikes.

a granitic dike are also found. All exceptl

09
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considered to be Precambrian in age based on

textures observed 1in the field and in thin s

aplites are consicered to be Precambrian but

Tertiary.

usas Mountains. Th
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One occurrence of a grancd
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Structure

Two opposing structural interpretations have been

made in the past for the Tusas Mountains. Barker (1958)

Mountains

4]

proposed that the Precambrian rocks of the Tusa
have bheen folded by a single deformatlonal event. He mapped
two major Tolds in the Las Tablas 15-minute guadrangle: the
Kiowa syncline underlying Quartzite Peak and Kiowa Mountain,
and the Hopewell anticline to the north of the Kiowa

N

ented evidence for three

w

syncline. Bingler (1985) pre

~—

in the La Madera (7 1/2-minute

93]

deformational episode
guadrangle (south of the Las Tablas 15-minute quadrangle);
the first episode produced northeast~trendaing isoclinal

folds, the second, overturned northwest-trending iscclinal
folds, and the third, broad wvest—-trending folds. Although

L

Bingler acknowledged that few remnants of the first

¢l

*

deformation have besen preserved, he described the episode as
2 penetrative deformation with unrestricted flowage of
material; he concluded that the first deformation destroyed

the original stratigraphic sequence.

Foliations

The Precambrian schists in the Tusas Mountalin area
are generally well foliated and strike N8OW to HNBOE in the
eastern portion of the map area and NEOW to KBOW in the
western half. In sec. 23, T.28N., R.7E. and in sec. 33, 34,

T.28N., R-8F. the foliations are more northerly.
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Foliation appears to parallel compositional banding

in meny exposures but clearly cross-cuts bedding in a number

f outcrops. The arkoses best illustrate the parallel

<

dimentary structures allow

il

reserved ¢
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relationship because
easy identification of the original bedding surfaces.
Although the Moppin schists retain few primary ssedimentary

the

>
b
453

arnd igneous features, schistosity closely parall

contacts between different lithologic units. In addition

jar]
%)

relatively thin and lithologically distinctive units {such
the gquartz-hematite ironstones, the guartz-~magnetite
ironstones, and tLhe hornblenditves) car be traced for several
miles along strike suggesting that bedding or original
compositional layering is preserved. Two foliations at high
angles to each other are presenv 1n the subarkoses along the

Spring Creek roadcuts {sec. 33, T.28N., R.BE.). The most

readily observable f{cliation (striking in a northerly
direction) represents transposed compesitional layering which
is a result of isoclinal folding of these rocks.
Pseudo-crosshedding occurs 1n this foliation. A second
foliation (less easily identified from the road, but easily
seen looking down on these outcrops) strikes in a
northwesterly direction and represents the follation
associated with original bedding. True crossbedding caen be
found in this direction. Foliation is poorly developed in

the vitreous guartzites and where present does not always

parallel bedding; this is especially true on Quartzite Peak.




Throughout the area

dipping or dip mcederately to

sraded bedding in the arkoses
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es Torm other distinctive type

form fairly common

intersecting foliations

The lineated granodiorite has

d down the dip direction of the

re vertical or steeply to

folds

Megascopic folds are common in the amphibolites,

the muscovite-feldspar-quartz

phyllite, the iron formation,

schist and asscciated chlorite

the hornblendites, and 1in
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piotite-quartz schisvs of the Moppin seri

isoclinal folds are the most common type, but open asymmetric

v
-
"
o
=
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types alsc occur. These folds have wavelengtt?
than 30 ¢m to 30 m. The axes of these folds trend between
N70W and north and plunge steeply. A few of the larger
s-—shaped folds in the hornblendites and

muscovite-feldspar-quartz schist are shown on Flate I.

Faults
Evidence for faulting in the Tusas Mountain ares
consists mainly ol stratigraphic offsets; brecciation and

alteration are observed only along the southern branch on the
eastern-most portion of the fault following Deer FPark and

Spring Creek.

[N
-

The vitreous guartzite is mapped in this report
fault contact with the arkoses and subarkoses for five

reasons: 1) The style of deformation in the guartzites 1s

N

apparently different than that developed in the arkoses.
The pronounced lithological differences between the two
units. The quartzite is composed of essentially pure guartz
whereas the arkoses are not onrnly poorly sorted and immature
but are interlayvered with mafic schists. 3) The convact is
in a2ll cases hidden by Tertiary or Quaternary gravels. The
deposition of these young units may have utilized a previous
fault zone. L4) Prospect pits and quartz veins are common

along the contact in the southern portion of sec. 33, T.28K.,



R.8E.). Prominent fzult scarps are present on the north side
of the fault (vetween SBullivan and Deer Parks) northwest o
this study area.

T"wo major faults in the Tusas Mountaln area
juxtapose vitreous quartzite, arkoses, and subarkoses. The
two faults are postulated to merge in sec. 32, T.28N., R.H6E.

and follow Spring Creek and Deer Park to the vestern eage of

{1

the study aresa.

Discussion

The deformational history of the Tusas Mountain
area is probably quite complex, but interpretation of the

structure is greatly hindered by limited exposures and an

incomplete knowledge of the stratigraphic relationshipss. One

of the most important structural guestions in the Tusas

-+

ig whether the Moppin schists have been

®
-

I

r

et

{0

Mountain

w

deformed more than once. The limited structural dai
obtaired in this study does not allow a definitive answer 1o
this question but structural work to the west by T. Gibson
(1980, in progress) should yield a more complete
interpretation.

At present and even with limited structural data,
it appears that Barker's original structural interpretation

m

is too simple and that the rocks of the Tusas Mountaln area

may have bheen complexly deformed. Foliations almost

[

everywhere parallel original bedding, suggesting at least on
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episode of isoclinal folding. Minerzl lineations in the

schists are consistently near vertical. If these lineations
are b-lineations, this would suggest nearly vertical fold

axes. Nearly vertical fold axes are present in megascopilc
t

S

£0lds in many of the eastern exposures of the Mobppin schis
T+ the isgoclinal folding event that prcduced the present
northwesterly foliation in the schists also develcoped the

near-vertical mescscopic fold axes, then the deformational

history of this area is more complex than that suggested by

Barker. Rither & single complex stress Iield or twvo separate
folding events has deformed these supracrustal rocks.

Several units in the supracrustal rocks are
apparently repeated in the map areca: the Burned Mountain

metarhyolite, the pebble conglomerates, the hornblendites,
and the hematite-guartz schists. Althoughk these units may bhe
separate beds and represent some sort of cyclical deposition
in portions of the supracrustal succession, they may alsc be
single beds that have been repeated by 1soclinal folding. In
zddition to displaying repeated beds, these units are also
geographically restricted; the Burned Mountain and the pebble
conglomerates occur only in the western portion of thes map
aresa whereas the hornblendites and the hematite-cuartz
schists are present only east of the Burned Mcuntain and
pebble conglomerates. Two explanations for the geographic
restrictions of these units can be suggested. These units

may never have been deposited cutside of where they now
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/,';/
appear in the supracrustal succession. This could be the
result of separate socurce areas for these rocks, one to tne

west (for the felsic rocks) and one to the east (for the
mafic rocks). Alternatively the apparent geographic
restrictions could be the result of complex folding. Support
Io? this interpretation, however, requires the collection of

much more structurel data from the field.




Metamorphism

The Precambrian rocks in the Tusas Mountain area
have undergone regional dynamothermal metamorphism.

Metamorphic grade increases from northwest to southeas?d

across the map area. Llthough most of the map area 1is
dominated by low-grade assemiplages, rocks in the eastern and

o
5
[y

southeastern areas contain assenmblages characteriszic of
low temperature and of medium-grade metamorphisnm (Winkler,

19747,

The felsic schists do not contain minersal
assemblages that reflect chnanging metamorphlc conditions.
The arkoses are also poor reflectors of metamorphic grade
although they do show a general trend for guartz + Kspar +
chlorite in the west to be replaced to the east by guartz +
Kspar + bilotite. The Moppin series, however, contains

mineral assemblages which are diagnostic for determinin

e

metamorphic grade. The majority of the Moppin schists are
metamorphosed volcaniclastic rocks with interlayerec volcanic
rocks. The mineral assemblages consistent with low-grade

metamorphism in the volcaniclastic rocks are:

chlorite + Dbiotite + quartz
muscovite + biotite + chilorite
plagioclase + gquartz + biotite
bicotite + Kspar + quartz
chlorite + quartz + Kspar

In thin section, zoisite/clinozoisite, epidote, and carbonate

are commonly present either 1in trace amounts or as major




e

constituents. Guartz ig generally very abundant as is
hbictite when it is present. Chiocrite i1s usually a minor
constituent, but is always present in at least trace zmounts.
Plagioclase, although usually highly altered, has a
composition in the oligoclase range. These observations are
congistent with lovwv-grade metamorphism of sedimentary rocks.
The compositicn of the plagiocclase and the common presence of
biotite suggests that metamorphism waes generally within the
upper temperature range of low-grade conditions. These
zssemblages provide little constraint, however, on the
metamorphic pressure.

The low grade mineral assemblages for the mafic
volcanic rocks is chlorite + hornblende-actinolite +
plagioclase +/- quartz, epldote, clinozoisite, garnet.
Quartz is always minor, garnet is very rare, and epidote and
clinozoisite occur either in trace amounts or as major
constituenis. The plagioclase composition 1is in the
oligoclase range- Recause hornblende + oligoclase occurs on
both sides of the transition between low-grade and
medium-grade metamorphism, it is usually the presence or
absence of actinolite and/or chlorite + muscovite which
determines the metamorphic grade of mafic wvolecanlc rocks,
rather than the composition of the plagioclase.

The medium-grade assemblages in both the
+

sedimentary and volcanic rocks of the Moppin series are the

same as in the low-grade but are marked by the absence of
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chlorite, and in the sedimentary rock
hornblende. The olagioclase composition does nol appear
changed. The temperature at wnich actinolite and/or chlorite
+ muscovite disappears {eg., the boundary temperature between
low- and medium-grade metamorphism) is estimateac by Winkler
to occur at about 500 C. The metamorphic pressure cannot be

defined by these assemblag

of

because Lthe transition between

3
12
0

chlorite and hornblende is essentially independent of

pressure. However, kyanite is present in a small exposure in

|5

sec. 27, T.28N., E.8E. which suggests that, at a minimum

Yy

temperature of 500 €, the pressure would exceed & kbear
(Winkler, 1974, fig. 1%-3) in that area.

The elitic schists south of the Spring Creek roead
P P g

(sec. 33, T.288., E.B8E.) contain representative mineral

o
=
@
8]

assemblages for the southeastern portion of the study
In tnin section the assemblage is staurclite + garnet +
biotite + quartz + muscovite. Two flakes of chlorite remain
in contact with the staurolite in one sample which suggests

B

that the metamorphic conditions were close to tne re

ction

(0
0

line between {(chlorite + muscovite)-out and staurolite-in.
In addition, although kyanite is not in the thin sections
studied from these exposures, staurolite and kyanlite appear
in outcrop at about the same place. The simulitaneocus
appearance of these two minerals, plus the very small
remnants of chlorite, indicates the nearness of the

~

metamorphic conditions to those necessary for the formation



of both staurolite and kyanite- The point at which the two

ach otvher in a pressurc-temperature

(b

S CIross8

{0

reazction 1lin

diagram suggests that the metamorphic temperature was

A}

approximately 550 C and the pressure was approximately 5.

) [ ey

kbar according to Winkler. Holdaway's (1978) determinations

for the s%ability field of the alumina silicates suggesis a

"y

much lower pressure for this assemblage, around 3.3 kbar.

Both sets of stability curves are 1llustrated in figure 0O.

Contact metamorphism associated with the intrusion

of the Tusas granite and the granodiorites is negligible.

well as felsic veinsg &re common in

wn

Although epidote velns a
the Moppin series witnin 150 meters of the granite contact,
hornfels are not developed and common contact metamorphic
minerals such as diopside and tremoclite are absent.
suggests “hat the granitic intrusives were probably at egual
or lower temperatures than the surrounding schists at the
time of intrusicn.

o

A second episode of metamorphism is suggested by

-
]
0
ot
pay
)
M

Ii

;n
4}

the commcen presence of micas developed at high
foliation. Thin sections for all rocks in the Tusas Mountain
area contain poikiloblastic, euhedral to ragged biotite
flakes or small mwuscovite blades generally at high angles to
the foliation. In addition, porphyroblasts of staurolite are
randomly oriented throughout the pelitic schists, the
metapelites of the Moppin series, and the chlorite phyllite

in the arkoses.



C ’ . / ¢
) ,%J ftes
g w & s
T a8 = &
L& Fy . i
) _ E’Sgr> ;
. N
2« . 9 -
> 1 "'I"e .
< w:’ / <
".\\,' . . X ~
_ ) 2 AN -
( ( & ¢ \i“%?f.. @
_ | o CEe L oau
&5 :
5 3 o
n 2 @7
[ <
p .
N , L 2
VERY
LOW LOW MEDIUM I
GRADE GRADE ) GRADE
e i ( | :
' 400 600

200
TEMPERATURE (°¢C)

Figure 7. Petrogenetic grid illustrating the approximate pressure-temperature environment
for some of the metamorphic rocks in the Tusas Mountain area. Mineral stability curves
taken from Holdaway {1978) (in lower case letters) and from Winkler (] 974). The P-T
conditions for metamorphism in the Tusas Mountains is dotted using Holdaway’s data and

ruied using Winkler’s.




Tk

major imp
evidence
outcrops
porphyrob
chlorite-
evidence

any other

Ketrograde metamorpnism does

ortance in the

Tusas Mountaln

of retrograde metamorphismz 1is

which contain

lasts that have

actineolite {se

for retrograde

&

wha

been

not appear
area. The

preserved 1

appear to be amphibole

e Appendix I, p.

metamorphism

pseudomorphously rep

sy
O

10WE

G6 ).

has not been

rock type wWwithin the study area.

Lo be
only

I sev

{2,

ace

ft

ver,

of

o
<



Geochemlstry

Chemical analvses of 12 rock samples collected from
the Tusas Mountain area are presented in tables 3 (mafic

schists) and b (granodiorites) and CIPW norms in table 5.

bl =]

Sample descriptions are repcrted in Appendix 1. Table O

presents chemical analyses {rom other studies on Precamprian

rocks in the Tusas Mountains.

Supraecrustal rocks

Five samples were collected from the Moppin series:
a typical greenschist of prcbable igneous origin (sample
99197), a hornblendite (69191}, a medium-grained amphibolite
(90051), a porphyritic amphibolite (99293), and matrix
material from the mafic pyroclastic breccia (99292). The
greenschist compares with Nockold's (195L) average tholeiitic

basalt whereas the amphibolites (90051, 99293, 99

3

more closely to Nockold's average andesite. The porphyry
{99293) is slightly more silica-rich and magnesiun- and
sodium-poor compared to the other two amphibolites. The
hornblendite (99191) is very similar to Nockold's average
hornblendite except in having a higher magnesium content and
lower calcium, sodium, and potassium contents.

Four samples were taken from the Spring Creek road

cuts: two are probably of igneous origin (99252, 99195), and

two are sedimentary rocks (a hornblende gneiss, 69251, and =
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pelitic schist, 5925 igneocus rocks from the Spring

2=t
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Creek roadcuts differ from the igneous rocks in the Moppin

series in having lesser amounts of silica, aluminum, sodium

o

and potassium, and greater amounts of magnesium and calcium.
- o . . . —~ \
One sample of amphibolite dike (982062) compares

oli

o

ct
4}
i_l
)
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closely to Hockold's average gabbro. The ampihil

Spring Creek road cut (99252) is very similar to the

in

composition of this dike and Nockold's average gabbro

suggesting that perhaps it 1s a sill.

The volcanilic rocks are classified by ILrvine and

classification metnod (figures O0a, b, <. They are

w

alsc plotted (along with other published analyses from the
Tusas Mountains) on a AFM diagram and a Jenson cation plo?
(figure 9).

Irvine and Baragar's classification method reveals
thaet the wvolcaniz rocks from the Tusas Mountain areaz are

subalkaline (figure 8a), calc-alkaline {(figure 8t), and

i

basalts (figure 8c¢c). A silica content vs. frequency

s that the rocks from The Tusas

[ -]

f

histogram {(figure 1C) revea
Mountains have a pimodal distribution: except for one
sample, intermediate rocks (8102 content between 56 and T1
percent) are absent. The bimodal distribution is also

evident in the AFM diagram and the Jenson cation plot. The

majority of these rocks are basalts and rhyolites (figures &8¢
and 9)- Irvine and Baragar's normative plagloclase wve. AL203
are

plot suggests theaet the rocks of the Tusas Mountain area




Ul

calc—-alkaline. They alsc apvpear calc-alkeline on the Jenson

the Tusas

=2
jos

cation plot, s2lithough rocks from octher studiles
Moun<tains do not appear as such. The Pearce discrimination
diagram (figure 11) suggests the majority of the rocks in the
Tusas Mountalin arez were emplaced within a continental
environment.

A compilation of geochemical data Trom other
Proterozoic terranes in the southwestern United States

reveals that the rocks of the Tusas Mountain area are

anomalous; calc-alkaline mafic rocks are not present

elsewhere. Figures 12, 13, and 14 demonstrate the tholellitilc

n

nature of the rocks in northern New Mexico-southern Colorado,
central New Mexico, and Arizona, respectively. FPrecambrian
volcanice rocks from the northern New Mexico-scuthern Colorado
area are strongly bimodal (basalts and rhyolites), the
basalts are consistently tholeiitic, and thne rhyolites are
both cale-alkaline and tholelitic. Arizona rocks are unigue
in having &n almost combplete absence of calc-alkaline rocks
and in displaving a cowplete continuuw from basalis through
andesites dacites, and rhyolites. The rocks from central
lew Mexico appear to be somewhat bimodal although
intermediate rocks are present in the Pedernal Mountalins.
Calc-alkaline rhyolites are present but they are not as

abundant as in northern New Mexico-southern Colorado

terranes.
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99192 99000 = o
8102 62.35 66.60 61.86 66.88
TlO2 0.40 0.27 0.58 0.57
A1203 18.0G5 17.76 16.91 15.66
Te 2/ 2
L&ZOB(T> 5.08 3.34 5.24 4.2
MgO 2.52 .08 0.96 1.57
Cal 2.76 0.32 2.54 3.56
Na.,O 5.27 5.01 5.46 3.84
KZO 3.13 2.07 5.91 3.07
MnO 0.07 0.06 0.11 0.07
P,,O5 0.18 0.11 G.19 0.21
» LOI 0.52 1.73
H,0 0.53 .65
TOTAL 100. 313 98.35
Cu 136 46
Ni 43 10
Pb 100 80
n 100 70
Co 96 60
Analyst: L.,A., Brandvold, New Mexico Bureau of Mines and Mineral!
Resources, by Atomic Absorption. ‘
99192, three-sample composite of lineated granodiorite
99000, three-sample composite of granodiorite of Spring Creek |
*Nockold's (1954) average alkali svyenite ;
**Nockold's (1954) average granodiorite J

Table 4., Chemical analyses of granodiorites in the Tusas Mountain
area.
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Figure 11. Pear tion diagram for rocks from the

c
"Tusas Mountain area.




)

~00TXaK

WOITl 83203

*OPEIOTO) Uda:

42 suoysusslb s

s UOBUSP PUT (®) WAV gl itk
.Dr l.m
- < o 7 K N A S P S
~ K 7
// .
‘ v
N /
o © / e /
3 A b6
7 o s
/ |0 ﬁ%m\/ v
/ Q s b
/m b @ F & ©  InnwEly 7
Py
o2 o) \
/ o / 9\ -9 I
) . N @ L ee
/ a e . =] e \
\ o MWVH ~ 4/
/.4 (Gg6] ‘1adi0g) /O @.wo/«ﬂ S s B \
' SUIDIUNC W 3paaN O g% a7 \
N O & e
(bl elieya0g) © d1L1ET0HL
s01019 01Y [ N & @M&ﬂ \\
Y 7 (8261 bulquoig) ) 4
\ S¥Doy seyosniy I8 // \
\ / \ .
% \\ (ss81b0ud w ‘unwdm) Y
N / N82:D Men O \
5/ . / 4
/ {0881 ‘uosIEgoY) N/
N\ 003d &




-4

G e

i v

(L

L

Aol TEILIUSD2 WOLT SHOO0X DTUBRITOA 10 mﬁ:ﬁ..,ﬁm;ﬁﬁ@ AQV

o :

o

1180 UosuUsp pum (4w

*OOTXSY
) HAV  t€T 2an¥Tg

(6261 ‘buippng

) pup sipuo;)
OOIXBY MBN (0JiUsd
A / (ojop
K peusiygadun ‘slpuoy )
\ Haq suoysusesb sous iy

(T 261 piompoop)
,, SUID JUNOW SOUld S0 7
} fs3:4n00
/ hom%amwmcm:n:qci
SUIDLUNOW  {DUIBpPE 4

// / (9261 uoli0g)

\/ SUIDJUNOY SOUly SO

@

ANITVAY

-2
\, vo

il

/
/

/

s




*TBUOZTJIY WOXII SY¥20a TGTUBRBOTOA J0T SWEBIZEIT ALV uotTwd ussusp pue Amv I

Y *H1 sandrg

\ - x e ~ N— - ral - 5 ™ ™
N \\
/
/ ) /
o S v g
o ra/
© INITYAY &
/ // -3V 2 \@\ﬁ o
\ o s
% // \ ,/ b v \\
o N st 5
i ) v /
3 7 ) \.\
x | = )
o {9281 ‘Brapn-) /
, | SULDIUNOW {DIDZDWY &3 DIL3T0OHL w\
(8661 'Assoalny v \
pun uossapUY) / \\
5 N \ swosep / 7
i A s L /
] N / (6161 ‘a%i010)
w\ uohupy puoig o )
S

/ (8461 ‘Aomucy)
< LISDE GlUOY % /\




BRI

/ N
// \\ O Burnad Mountain metarhyolife
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Maxima for normative compositions of granites with
greater than 80% normative Ab + Q@ + Or (from
Tuttle and Bowen, 1958).

Maxima for normative compositions of extrusive rocks
with greater than B0% normative Abh + Or + Q {from
Tuttie and Bowen, 1958]).

- = . . s
Figure 15. Normative quartz-albite-orthoclase ternary
diagram for Burned Mountain metarhyolite and Tusas granite
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Composite analyses of three sam
lineated granodiorite {39192) and the granodiorite of Spring

Creek {99000) are given in table k. These analyses show that

average granodiorite of Nockold's {1954 ). whereas the
lineated granodiorite more closely resembles Tne average
alkall syenite.

Published chemical anelyses for ithe Tusas granite

)

o

TéE

Ty

» . : - i b} Lo T - s 0 - R i -~ -
are glven in table U. Both Hovorka (1978) and Maxon (2

suggest that the Tusas granite is either the source for or 1is

Haal
Bis,

nobilizec equivalent of the Burned Mountaln meftarhyolite

I
=
3

d on similar chemical composition and the presence of

bas

15

"recrystallized bipyramidal gquartz” in the Tusas granite.
Published chemical analyses of the Burned Mcuntain

riven in table 6. Althcugh several

1
T
*

meterhyclite &

varieties of the rhyolite can be distinguished in the field

based on textural criteria, all these samples, as well as the

x
B

3]

Tugas granite are chemically indistinguishables on t

of major elements. All of the samples plot within the
rhyodacite field of a normative alkali

1 A

feldéspar-plagioclase-quartz ternary diagram (Hovorka, 197&).

o

However any direct genetic relationship between the Burned
Mountain metarhyolite(s) and the Tusas granite is unlikely
because: 1) Relative and absolute age relaiionships. The

Burned Mountain metarhyoclite was determined toc have a zircon




- . - P , N o . (1 Teom e ~ I =N el ] )
age petween 1715 and 1765 m.y. lBarker and Friedman, 1974)

whereas Maxon (197ba,b) reported a zircon age for the Tres
Piedras granite as 1629 m.y. Field relations show that the
extrusion of Burnsd Mountain metarhyolite was followed by an
extensive periocd of arkosic and queartzite deposition, an
episode of widespread deformatvion, syn-tectonic intrusions of

granodiorite and, finally, late- Lo post-tectonlic intrusion

te is clearly not time

bote

of granites. Th= Tusas gran
eguivalent to the Burned Mountaln metarhyolite, and it is
difficult to envision a single magma chamber persisting,
unchanged, for over 100 m.y. Dbestween Burned Mountain time and
the intrusion of the Tusas granite. 2) Metamorphic effects.
Any metamorphic event strong enough to remobilize a rhyoliitic
tuff should produce high-grade metamorphism in the adjacent
mafic schists of the Moppin series. The lack of high-grade
metamorphism in the area adjacent to the Tusas granite argues
against the pessibility that the Tusas granite is a
remobilized fiow or tuff. 3) Chemical composition. Both the
Burned Mountain metarhyclite and the Tusas granite analyses
plot near the minimum melting composition of granites 1n a
normative guartz-albite-orthoclase ternary plot (figure 15).
A variety of source rocks could yield similer compositions
upon initial melting which weakens s attempts to correlate

the two units based on major element chemistry.
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Discussion

Tectonic setting

constraints

Fal

At the present time, discussion of tectonic models

¢}

for any or all of the Proterozolc terrane in the southwestern

o

lizetion of seversl

oy

United States must be done with the re
limitations. First of all, correlation wvetween isolated

blocks of Precambrian can only be conjecture at best.

e

Secondly, much of the Precambrian has only been studied on a
regional scale, very few detailed studiecs have
completed. Deformation, metamorphism, geochemistry, and
relative (as well as absolute) age relationships are known
only in a general sense; much more detalled work 1s needed
befere there carn be a thorough understanding of the tectonic
environment. Thirdly, the applicability of Phanerozolc-type

plate tectoniec processes to the Precambrian is disputed by

w

roccesses

many workers although Phaneroczoic-type tectonic

T
o

have been documented 1n some Proterozoclc terranes. Despite
the fragmentary Precambrian record preserved in northern New
Mexico-southern Colorado and the incomplete study of these
rocks, 1t does appear that many of the exposures have similar
rock assembvlages, plutonic and tectonic dates, and
deformatlional styles. Any model which might be proposed for

middle Proterozoic rocks of the northern New Mexico-southern



G U

Coleorado region must take into consideration certain

constraints. These const nts include the following:

1) Presence of subalkaiine volcanic rocks.

FPublished chemicel data for rocks of middle Proterozoic

in the scuthwestern United States reveals that the

0
£
o

rrane

+
w

primarily subalkaline. Alkagline rocks,

o)

volcaniec rocks ar

for the most part, have not been reported.

2) Bimeodal volcanism. Andesitic rocks are
noticeably absent in northern New Mexico-southern Colorado
(figure 12) and tc a certain extent throughout all of New
Mexico {figure 13). Voleanic rocks are predominantly
tnoleiitic basalts and calc-alkaline rhyolites {in northern
New Mexico) or tholeiitic rhyolites {(in southnern and central
New Mexico). Dacites are reported in the FPecos greenstone
belt and probably occur elsewhere in the Sangre de Cristo

. - P . o -
Mountains (Robertson, 1980, personal communs.,.

3) Isotopic ratios from plutonic rocks. The
plutonic rocks of central and southern New Mexico typicelly
have low Sr 87/86 initial ratios (between .70l and .703,
Condie and Eudding, 1979). If 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 200 m.y. before melting began. Initial ratios
of the post-tectonic plutons in northern New Mexico, however,

have high initial ratios often exceeding .T710 (Fullagar and



Shiver, 1973; Maxcn, 197%a,u) suggesting crustal sources (at
least 1in part} for these rocks. Rb-8r data for syn-tectonic

intrusives in northern New Mexico have not been reported in

the literature.

L) Quartzite scurce. both a source as well as a
source area {or the thick sequences {(up teo several 1000
meters) of quartzites, present in all of the northern New
Mexico Proterczolc fTerranes and to & lesser extent in central
New Mexice, has not been recognized. Foesible methods for
producing essentially pure guartzites have been discussad by
Donaldson and Ojakangas (1977) who list the following
sources: recrystvallized cherts, ercsion of veln guartez,
gquartz phenocrysts from felsic volcanics, and granitic rocks.
Although these beds may represent recrystallized chert beds,
the commen occurrence of crossbedding, pebble horizons, and
graded bedding strongly suggests that these rocks represent
clastic sediments rather than chemical precipitates. The
erosion of guertz velins and pegumatites may be another scurce

for quartz sands; however the relatively smell volume of veiln

?

.

material typically present in most igneous terranes makes
this alternative unlikely. Reworking of felsic tuffs
commonly concentrates quartz phenocrysts originally present
in a tuff and could possibly produce essentially pure guartsz
sands after several cycles of revworking. The problem with
this alternative is that quartz phenocrysts generally make up

less than 20 or 25 percent of felsic volcanic rocks. The




volume of

quartzite noert

large. The weathering of

produce the amount of guartz

e}
R

however & prooblem remnm

o8

48

d

femove

w
[¢d]

done by intense hering,

either tidal or beach enviro

acsolian processes).

Detritel zircons s

the Picuris Mountains form &

~J

concordia atv 1 m-y. (Max

important constraint in that

Lrchean craton; in fact, Tthe

that of the veolcanic success

Barrett and Kirschner (1979)

+
|9

vy

the Rinconada Formation in

from the north, thin to the

that ralleled

4]

trough ¥ a pal

)

Relationship b

volcanics. A tectonic model

»
I

able to account fo the stra

Juxtaposition of apparently

continental shelf-type sedim

volcanic rocks i all the st

4

keedle Mountains of southern

to produce the volume of

Mexico would be extremely

rocks could possibly

present in the quartzite beds;

a amounts of

.

rge feldspars

om the sgource. This can be

recycling, or local reworking in

nments (or alternatively by

(=X

eparated from the quartzite

chord which 1ntercept

-

on, 1976a,b). This is an

the source area was not the

source 1s very close in age to

ions 1n northern New Mexico.

from

1)

suggest that the guartzites

Picuris Mountains were derived

he

south, and accumulated 1n a

EO0~22887 «

~
[

etween the guartzites and the

for northern New Mexico must be

tigraphic and/or structural
thick secuences of stable

ents with mafic and felsic

ratigraphic sections between the

Colorado and the Peccs
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greenstone belt in northern New Hexico. The relationships
between these two apparently distincet depositional

.c settings must be carefully

-t
i1
)

environments and Lecto

evaluated and explained.

Syntheses of publiched radiometric

in the United States [Van

o

data for Proterozcic terrane
Schmus and Bickford, in press; Condie, 1980, npersonal
commun. ) suggest that a) Proterozoic orcgenic age belts can

be defined, b) some belts can be correlated between the

)

spouthvwestern United States and tne mid-continent region;:

o
o
o

¢) the belts progressively young outward {south and
southeastward) from the Archean craton. Two of the belts
trend northeastward across northern New Mexicc: a 1690 to
1780 m.y. belt and z 1610 to 1680 m.y. velt (figure 16 ). The
rock assemblages 1In both belts are similar: guartzites and

shales, bimodal vclcanic rocks, syn~tectonic intrusive rocks

4

of intermediate compositions, and late- to post-tectonic
granites. The boundary between the twe helts is not well
defined in New Mexico. It may be gradational, or Jjust appear
to be gradational due to lack of published zircon dates. In

addition, the younging southward trend is only documented for

o

iether

-

plutonic rocks; few volcanic rocks have been dated. W
the volcanic rocks show the same younging trend as the
plutonic rocks must be resolved by further radiometric

studies.




G

AT

(ssoad uT ‘proJx¥olyg pOE SVUIDIQUEBA
woay) s93e}Y PeiTUN UJIe18sAUINOS &Yy utl s37aq ode Jo0lesuw omy 3u3 Jo dey cQT eandTY

Heq AwQogL-069] =
S

ieg "Lw 0B9|-019} * i

"‘*W’)'r)/\

g




e

i S A SR BRI e M ) Gl

T) Basement Lo LoOe supracrustal succecesslon.
Archean rocks have not beern recognized in New Mexico. This

presents a problem as to what the supracrustal succession was

deposited upon: cceanic or continental crust?

) Frecamoprian deformation. Multiple evisodes of

deformation, typically including overturned isocclinal
folding, are recorded in the Tusas Mountains (Barker, 19508
ooy b - >

m

Bingler, 1965; this study), fthe Taos region (Condie, 1979),
the Truchas Pesks area (Grambling, 1979), the Picuris

),

"

)
‘ =}
e
N
‘\_(':

(Nielson and Scont, nd at leasst one eplsode of

isoclinal folding in the Peccs greeastone belt (Reismeyer,

1978, Robertson and Moencn, 197%).

9) Precawbrian metamorphism. Metamorphic grade in

(s

the ncrthern New Mexico terranes range between greenschist

[N

facies and middle amphibolilte faciles. In the T
Mountaing, staurclite-kyanite assemblages lle south of
chlorite-oligoclase and chlcrite-alblte assemblages. In the

Truchas FPeaks aree, geothermal gradients are steeper

e

south {(Grambling

&0

the Picuris (Grambling, 1979).

10) Presence of trondjhemites. Exposures of
trondjhemitic intrusives are found north of the Rio Brazos in
New Mexico and in southern Colorado (Barke; and others,
1976). In Phanerczoic tectonic settings, trondjhemites are

found in ophiclite suites and along continental plate

margins.
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B

11) 170 wmey. orogenic cyecle. The quartizite source
apparently has an approximate age of 1795 m.y. and the
post~tectonic Tusas granite has a U-Pb date of 1625 m.y.
During this 170 m.y. time span occurred the erosion and
deposition of thick guartzite sediments, mafic volcanism,
uplift and erosicn, felsic volcanism, a second interval of
quartzite deposition, multiple episodes of Isoclinal folding,
syntectonic intrusions, and post-tectonic granite intrusions.
)

(s

possible tectonic settin

e}

b
e
8]

In speculating on the possible tectonic setting
the Tusas Mountains and the rest of the Proterozoilc in
southern Colorado-rnorthern New Mexico, 1t appears best to
consider first the supracrustal rock assccilatlion. In the
Tusas Mountains, the volcanic rocks appear tc be bimodal

a

(pasalts and rhyolites), mainly tholeiitic bput in part

[62]

calc=~alkaline, a&nd the basalits apparently older than the
rhyollites. Arkoses, subarkoses, pelitic schists, and
quartzites are the major sealimentary rock types althoug!
mefic volcaniclastic sedimentary rocks are interbedded with
the mafic vo.canlc rocks. In all of the Proterozoic
exposures of northern New Mexico-southern Colorado, similar
supracrustal rock associations are present; sedimentary rock
terranes (consisting in large part of arkoses and quartzites)
ere consistently asscciated with bimodal (apparently

tholeiitic) greenstone terranes. In some places the two




o

terraness stratigrapnically overlie {and/or underlie) one

o

another (the Tusas Mountains, Truchas Peaks, Taos area), in
others they are in fault contact (Tusas Mountains), and in

the Pecos region they may interfinger with each other

m
o)
c
J—
jaa)

{Robertson and Mo

-

environment (a continental rift, an

[
O
]
i
—

An extensi

p )
\

ck-arc basin) is the most satisfactory

aulacogen, or a »

environment for supracrustal succession of bimodal

m

volcanics and arkosic-quartzitic sedimentary rocks 1o
accumulate. There is, however, a notable absence of
alkaline-peralkaline igneous activity and extensional
faulting. Such a setting, also does not satisfactorily
account for any of the activity which post-dates the
deposition of the supracrustal rocks such as complex
deformation (often including overturned iscclinal folds),

high-pressure (kyanite grade) metemorphism, and the intrusion

bodies. In addition., becaus there 15 very

[$1]

of trondjhemitic
1ittle evidence for an older continental crust in northern
Hew Mexico andé southerrn Colorado, the question arises as o
what was being rifted as the supracrustal succession was
being deposited.

Although & compressicnal environment (a convergent

It

2

plate boundary?) is the most satisfactory setting for

producing the events post-dating the deposition of ih

[an]

supracrustal ssquence {the deformation, metamorphism, etc. ),

it is a completely unsatisfactory environment for generating



the supracrustal successi
boundaries produce calc-a

with abundant andesites)

on itself: convergent plate
ikaline volcanic suites (especially

and graywackes, not bimodal

volcanics and arkoses-—-guartzites. Convergent plate

4

so Lypillf

fasl

boundaries ar a

faulting, neither of whic
New Mexico {(that is not t
suggests that the tectoni
involved more than one pr
unique to the Precambrian
in which extensicnal and

be more satisfactory in a
available in northern New
be that this region occcup
Continental sediments and

n such a sett

[rS

Juxtapocsed
follow the deposition of
this may be the best tect
Mexico-~southern Colcraadc
be any nearby island-arc
graywackes) to accompany

assembliages.

ied by c¢phiolite suites and thrust
h have been recognized 1in northern

¢ say they are not present,. This

)]
fun]
e
F.}
[
o
]
o))

¢ setting wvas either co

ocess or perinaps & tectonic process,
, was in operation. Perhnaps a nodel
compresgsional svents alternate would
cecounting for the data presently
Mexico-southern Colorado. It may
ied a back-arc basin setting.
bimodal volcanics couid be

ing and compressional events could

I8
Ix

the supracrustal rocks. Althoug

[

1

cnic setting for the northern New

4]
o
&
ot
%

exposures, there doe 2 ppear to
assenmblages (including andesites and

the possible back-arc basin
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Table 7. Summary o©of Precambrian Geologic
Tusas Mountalns
A Precambrian geologic nhistory for the Tusas
Mountains 1is btriefly summarized below. Reference to figure
17 illustrates the time relatiocnships hetween the events as
provided by published radiometric data and field evidence-

1) Deposition of clastic (and minor chemical)
I it

ct
m
3
ol

sediments accowmpanised by sporadic mafic volcanism:; upl
Her

o
U

o
]

erosion of this sedimentary-v e
ceposition of these rocks but a

maximum age 1imit for the ce

minimum age is provided by & date for the Burzned Mountaln
mntarhvollte whicn overlies the mafic sedimentary-volcanic
pile.

ion of guartzite conglomeratles and

olcanics {a). Field evidence

ocn of the quartzite conglomerates
1ly contemporaneous.

extrusion of fels
establishes i g
and felsic wvolcanism vas esgent

El
e

3) Deposition of several 1000 feet of arkoses and
mature sandstones. A meximum age for these sediments 1s
provided by the age 0f the felsic volcanics but the duration
of sedimentation cannot be determined by either radiometric
dating or field evidence.

)

4) Intrusion of early or syn-tectonic
granodioritic plutons {a).

5) Deformation and metamorphism. An approximate
maximum age limit for deformetion and metamorphlisn {possibly
involving more than one eplsoue) is provided by ithe age of
the syn-tectonic granodiorite and a lower age 1limit by the

intrusion of late- to post-tectonic granites.

1

6) Tntrusion of late- to post-tectonic granites

.

(v).
7) Post-tectonic thermal event (z).
§) Pegmatite emplacement and metas omatism (c,d)-

Lzte thermal event (c,d) (+/- locsal

(a) zircon dating by Silver (in Barker and Friedman, 107h)
(b) zircon, Rb-Sr dating by Maxon, 1976 (c) Rb-Sr, k-4
dating by Gresens, 1975 (4) Rb-Sr, K-Ar dating by Long, 1%
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Sumiiary and conclusion

The oldest group of rocks in the Tusas Mountain

area 18 the Mopplin series. Thne Moppin series is primarily =

succession of wvelcaniclastic sedimentary rocks

{chlorite-quartz-biotite +/- plagiocliase and hornblende
Schists)ﬁ caic-alkaline basaltic volecanics and mafic
pyroclastic rocks {hornblende-oligoclese +/- chlorite
schists), and minor magnetite-guartz and hematite-~quartz
ironstones interpreted as chemical precipitates. A mininmum
zge for this succession is cgefined by the age of the Burned
Mountain metarhyolite (between 1715 and 1765 mev.).
Overlying the Morpin series with angular unconformity are
bagal guartzitic conglomerates, felsic volcanic and
volcaniclastilic rocks, and & thick seguence of arkosic
sedimentary rocks. Also present in the Tusas Mountain area

is & thick sequence of matu uartzites. The relsationship

=
r[\
Ne)

between these guartzites and the otner supracrustals is
unclear. They have been interpreted both as oulder and
younger than the Moppin and the controversy resmains
unresolved at the present.

The unconformity between the felsic volcanic rocks
and the Moppin series marks a fundamental charnge in ihe
sedimentary source area(s) and the depositlional envirorment.
The Moppin series appears to be derived mainly from a mafic

sourceé area and to have been deposited in a low energy



environment. This interpretation is supported by the lack of
cress-bedding and the presence of chemical precipitates. The
source area for the Moppin appears to be to the east. This
ig suggested by & greater percent of volcanic rocks in the

eastern porticn of the HMopplin than in the western portion,

ot

whereas the volume oI sedimsntary rocks appears to increase
westwvard. The arkosic sandstones, on the other hand, were
deposited in a high energy depositlconal environment as
suggested by the presence of conglomerates and cross-bedding.
i

“rom & felsic

i3

The arkosic sediments are derived partly
volecanic terrane [supported by the presence of abundant

‘eldspar phenocrysts and felsic voicanic

=k

rounded guartz and
clasts) and probably, in part, from continental crust. These
rocks appear tc be derived from a westerly source (7. Gibson,
1979, personal commun. ).

Following the depositicon of the cguartzites, at
least one episode of folding deformed the rocks of the Tusas
Mourntain area. This episcde produced tight to isoclinal
folds with northwest-trending axes. Metamorphism at this
time reached a maximum of lower middle-grade conditicns
(staurolite-garnet-muscovite~biotite-kyanite assemblage).
Accompanying the deformational period was the intrusion of
several "granodioritic” plutons. The age of deformation is
constrained by radiometric dates between 1715 m.y. {(the age

of a syntectonic intrusive) and 1625 m.y. {(the age of a

post-tectonic granite). Near the end of the regional
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ate-tectonlic granites

;

as well as a post-tectonic granite (1

intruded.

st -trending welt crosses central Arizona,

A nort

. and scuthern Colorad

rorthern New

- . -

similar supracrustal and plutonic rock za8s

|53

2 11lel velt immediat

o
»

I

j

crogenic date

i)

-
-

Tiy younger

contains similar rock assemblages but slig
g

D

rogenic and plutonic dates. The process(es, responsible for

Cr C

the volcaniem, deformation, ana plutonism are not understocd

Q

at this time. Muich more work is reguired to Tully understar

the significance of the Tusas terrane within the larger

-
(83
L
s

framework of Proterozolc geologic history in the southwes

United States.
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APPENDIX I. Rock

The Moppin series cr
belt between Tertiary cover on
southeastern flanks of Jawbone
study area). A lineated
the central poertion of the

granite discordantcly
portione. The base of
interbedded felsic

ok

" p. 1
Moppin

(in part)

the

schists and

granodicrite

Moppln

Moppl

descriptions.

Series
ops out in a northwest-trending
the east tTo as far as the

concordantly intrudes

series and the Tusas

intrudes the lower exposed
n series 18 not exposed;
arkoslc sedimentary rocks

unconformably overlie the Moppin series.

The rocks of the Moppin series generally crop out
poorly except along valley walls. The dense vegetative cover
in this area makes tracing even distinctive units very 7far
along strike impossible and viewing contacts between
successive units is equally difficult. A further
complication in tracing units 1is an increase in the grade of
metamorphism from northwest to socutheast. The western
portion of the study area is dominated by chlorite +/-
biotite +/~ actinolite schists wherezs the eastern portion is
composed mainly of biotite- and hornblende-bearing schistis.
Metamorphism has removed many of the original textures cf the

Moppin series and the

metamorphic fabrics.

se rocks

are instead dominated by
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Chlorite-amphibole schists

sedimentary rocks constituents of the

chlorite-bearing volcanilclastic rocks are guartz,
vlagicclase, and chiorite with variable aunounts of carb

ite actinelite, and muscovite. Magnetite and pyri

b

ey
O
o+
s
1
«

)

filled

Pairly commone. Weethered out rhombohedral &
o , . . [ . bt _ B .
brown staining lafter siderite?), generally less than 2

length, is another feature common to many of the
greenschists. Ia thin section chicorite generally compri
20 to b5 percent of the rock, plagicclase 2% to 40 perc
and guarts 10 to 20 percent. The chlorite grains are us

parallel whereas large (generally less

plagioclase grains (if present) are typically randomly
criented. The plagicocliase occurs as anhedral laths or

fragments, often nighly sericitized or epidotized,

n

contain well developed twins that often ars bHroken or b
Layering is commonly defined by chlorite layers {(which

around the large vlagiocclase grains when present) and 1«
& P o) & +
and layers of fine-grained intergrown guartz and plagio

Carbonate and clinozoisite are usually concentrated and

aligned along distinct layers. If biotite is present,

almost invarlably ragged, poikilovlastic, and randomly

oriented. Altncugh the blotite may occur in chlorite-r

laeyers and thus appear to parallel the foliation, the

andome.

i1

crystallographic orientations are actually

biotites contain pleochroic haloes, suggesting that snma

zircone or monazite grains ma)y be present.

than 2.0 mm in 1L

te are

with

mre An

-
{
03]

b
3
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m
-
=
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it is

ich

Some
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Cne distinctive rock type found in many places

N

throughout the Moppin series lespecially along the ridge

(P

bordering the contact with the Tusas granite, the NE 1/L, 8w

1/4, and the KW 1/4, 8W 1/b4 of sec. 23, T.28N., K.T7E., and in

=

variocus ocutbtcrops along the south side of Cow Creek, sec. 21,

29, 28, T.28K., R.8E.) contains abundant chlerite-actinolite
psevdomorphs after nornblende (7). This rock type was also

/~
-
O
Ah
[
—
B
-1
—
-
m
(B

described by Barker (19] peeudomorph-bearing rccks
are restricted in thelr vertical and lateral extent and are
usually confined to a singls outcrop. Within an outcrop,
pseudomerph-bearing lenses and pods alternate with
pseudonorph-absent areas. The oval or hexagonael pseudomorpns
are dark green in a lighter green matrix. In thin section
this rock is 40 to L5 percent chlorite, 15 to Z0 p=rcent
actinolite, 15 to 20 percent epidote, and 15 to 20 percent

plagicclase with opagques and carbonate as accessory minerals.

Snreddy intergrowths of approximately egual amounts of

chiorite and actinolite form the pseudomorphs, and epidote

"y
4
<

nes the hexagonal grains (figure 1&). A

[EN

typically ocuti
pseudomorphs appear to be cut by fractures along which a
differently oriented chlorite formed. The pseudomorphs are
contained in a matrix of chlorite, actinoclite, epidote, and
plagioclase. The chlorite in the matrix 1s randomly
oriented, the epidote forms either granules or euhedral
crystals, and the plagioclase occurs as irregular masses and

grains which have sutured and indistinct boundaries and are
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Figure 18.
morph after
pseudomorph
chlorite.

Photomicrograph of chlorite-actinoclite pseudo-
hornblende. The lighter portions within the
are actinolite whereas the darker areas are
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infregquently twvinned. it is difficult to interpret the

original hornblende crystals as phenpocrysts in an ignecus

o
o

rock because they occur in unconnected pods and lenses within
single outcrops rather than being uniformly distributed.

This suggests they wers porphyroblasts formed by an earlier
metamorphic episcde in & heterogeneocous mafic metasediment.
Barker alsoc suggestied they were original porphyroblasts
(Berker, 1958, p. 15).

Thin sections which have biotite as & major

(@]
(s
O

®

constituent contain between 35 to 7O percent bilotite, 3

L0 percent plagioclase and 50 to 60 percent quarts and up to
L5 percent epidote with carbonate, cpagues, chlorite, and

hornblende in winor amounts. The biotite 1s generally
uncriented but mzy occur along layers in which the biotite
flakes contipue fto be crystallographically unoriented. In
those cases the biotite is generally falrly large, ragged,
and associated witn vestiges of chilorite. More commonly the
biotite is small {generally less thar 0.6 mm) and randomly

oriented. Flagioclase occurs both as large (up To ocone

centimeter in length) anhedral laths and/or fragments or as

small {(less than 0.5 mm in length) grains in a mossaic

texture. The large grains are generally broken and bent,

i

sericitized, and epidotized. Epidote 1is especlally abundant
in rocks adjacent to the Tusas granite. Foikiloblastic
garnets (0.08 to 1.50 mm in diameter) as well as hornblende

are also found in trace amounts 1in outcrops adjacent to the
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Tusas granite. The hornblende laths are 0.3 to 0.0 mm In

length and diamonda~shaped cross-sections are C.15 to 0.6 mm

o

in longest directicn. They are generally euhedral (except
for poorly terminated ends on the longitudinal sections) and
sharply cutl the biotite. They are distinctly plecchroic:

indigo blue, green, and y2llowish green.

igneous rocks Unfoliazted rocks are either 1) porphyritic

with plagioclase phenocrysts or 2) fine-grained green and

white, or black and white, speckled rocks. lagioclase
phencecrysts {up to 15 mm in length) in the vporphyries are

either linested paralilel to the dip direction of the
foliaticn or are randomly orilented. Porphyritic rocks
typically become increasingly well-foliated along strike

while the phenccrysts become increasingly smaller or broken

£
)
ba

and lineated bhictite-chlorite knots form parailel to the
direction- Eventually the vorphyritic units grade inté
well-foliated schists with dark-green lineations and small
fragments of feldspar.

In thin sections of the phenocryst-bearing schists,
the plagioclase phenocrysts (cligoclase in composition) are
twinned, highly resorbed along the grain boundaries, and

extensively altered tc sericite and/or epidote. The

10

groundumass is a very fine-grained intergrowth of randomly
oriented tiotite and feldspar with clinczolsite as an
accessory mineral. In thin sections which also contain

hornblende in the mineral assemblage, the hornblende is small
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{less than O.% wmm in lengih) and defines a crude foliation.
Riotite-hornblende aggregates in roughly lenticular shapes
(up te 1 cm in l“ngtn) were noted in some sections.

In thin sections of unfoliated green and white

le comprises approximately 40 percent

apeckled rocks,

of the rock, plagioclase 3% percent, epidote 15 percent, and
quartz 10 perceat. The plagioclase cccurs as relict

phenocrysts (which are extensively zltered to epidote and
contain relict twins) or are fine grained and intergrown with
quartz in the rock matrix. The amphibole is predominantly
actinolite with sma’l cores of hornblende.

The westernmost appearance of hornblende and garnet
ig within 60 meters south of the 9730 foot road intersection
in sec. 1L, T.28N., R.T7E. (just north of this study area).
Thin sections from these rocks contain minor amounts of
poikiloblastic, pleochroilc {blue green, grass green,
vellowish green), euhedral, less than 2-0 mw in length,

hornblende and 0.5 to 1.5 mm euhedral, poikiloblastic

arnets. The remzinder of tThe rock is a fine-grzined

[0j3

assemblage of bioctite, quartz, plagioclase {with a few relict
rounded phen@crysts) and magnetite and c¢linozoisite as
sccessory minerals.

Amphivcle-bearing rocks, concentrated mainly
between Cleveland Gulch and the eastern edge of the

Precambrian exposures, are intermixed with bilotite-bearing

rocks. The rocks along Cow Creek are very poorly exposed on
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fhe south side of tne valley but outcrops of rocks with
chiorite pseudomorphs after hornblende {(like those describved
above), amphibolites, hematite-quartz ironstones {descrited
in the section on iron formation), and other mafic schists
can be found. On the north side of Cow Creek are
coarse—graiged zneisses, fine-grained phyllitic schists, and
fine-grainsd schnlists with thin (1 to 2 mm vhick) pink
stringers of felsic materizl. The ridge directly south of
the Tusas granite in sec. 19 and the western portion of sec.
2 T7.28N.. R.8E. and westward to the ridge south ol the
Tusas granite in sec. 24, T.20N., R.TE., contains greisslc to
almost migmatitic amphibolites. Light anc dark Dpands,
usually less than 30 cm in width, alternate. The gneissic
outcrops are generally less than 15 meters wide and ars
intermixed or interbedded with fine-grained chlorite schists
and hematite-guartz ironstones.
Hornblendites
Horrbiendites form several mappabie herizons in the

eastern portion of the map area. They form blocky outcrops
which are genersally less than 3 meters wide and are poorly
foliated. Weathered surfaces have a dark green sheen wilh
radiating crystals of hornblende (up to 1 cm in length).

Freshly broken surfaces have a

is the result of closely intergrown,

hornblende needles.

Typically they are interbedded

characteristic surface which

randcmly oriented

PR
with
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zmphibolites but in places they occur with

[

plagioclase~viotite-quartz schists. In sec. 30, T.28N.,
R.B8E., massive chlorite cutcrops appear to possibly be the

greenschist eguivalents of the hornblendites. However, lack

:vernts tracing the hornbliendites dirsctly into

=
o

of ocutcrops D

the chlorite schists.

In thin section the hornbvlendites consist of 5

o

N

percent chlerite and 45 percent hornblende and opaque
accessories. The hornhlende forms unoriented, ragged,
poikiloblastic crystals which cut a well-foliated chlecrite

I

rate (figure 19). Quartz inclusions in the hornblenae

D
o)

aggr
are aligned parallel to the foliation formed by the chlorite.
Many of the hornblende crysteals are rimmed with Iron

steining.

Metapelites

A horizon comprised mainly of felsic to

intermediate phyllites and schists but with minor mafic
schists crops out between sec. 26, T.28N., R.TE. and sec. 23,

.28N., R.BE. The lower (northern) contact is defined by a
distinetive feldspar-quartz (+/- muscovite) phyllitic schist.
The best exposures of this schist are found on hill 9180
(sec. 29, T.28EF., R.8E.) but it can be traced discontinuously

along almost the entire length of the phyllitic section.

L
L

This unit weathers to bold, highly schistose outcrops with a

vyellowish or reddish weathered surface and a characteristic



Figure 19. Photomicrograph
oriented hornblende sharply
of chlorite.

of hornblendite. ERa

cuts a

well-foliated
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dull sheen. Ragged biotites and traces of magnetlite are
randomly distributed. Ihe uopper (southern) boundary of the
phyllitic section is5 “entative and is bounded by the last

occurrence 9% phylilites in The east and the
muscovite-feldspar-quartz schist {(the felsic volcaniclastic
rock) in the west. The metapelites appear to pinch out to
the west due to an erosional episode (see the section on the

felsic schists) and the eastern boundary is extremely

tentative as the distinetly phyllitic nature 1s lost and
by

mafic schists become increasingly important. Two or three

hornblendite units {described above, occur within this un

R

ct

T

as well as the banded iron formation (described in another
N . A - N _r . N
section) and other mafic schists.

The metapelites are typically chlorite phyllites,

w
.

biotite~feldspar-guartz schists and biotite-guartz schiszt
These schists are well foliated and color banding and lensing

of these phyllites and schi

2]
w
ct
m

Are COMNMILON. Good exposure

are on the hill east of hill 9160 (sec. 29, T.28N., R.88.)

F}
ct
4]

and in trenches along the iron formation horizon. Magneti

octahedra are common and infrequently form thin stringers and
rectangular outlines. Many of the chlorite pnhnyllites and
reddish felsiec schists contain abundant white spots which are

itiattened in the plane of foliation. In thin sections cuz
parallel to the foliation, the white spoits are contained 1in a

rine—grained (less than 0.1 mm grain sizes) matrix consisting

almost entirely of quartz with tourmaline, hematite,




It is

underlain by a porp

randomly oriented,

phenocrysts (generally le

long) and cavities
with carbonate. In thin

elso contains rounded

length) polygonal guartz

epidote. Hornblende occu
and as large poiklloblast

Stratigraphically overlyi
medium-grained amphibolit
the pyroclastic unit.

section 35

enhedral,

percent hornblende-actinol
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LU
magnetite, muscovite, &and chiorite in trace amounts. The
spots are composecd of amorpnous naterial (and tourmaline)
which is =zliweays rimmed by hemetite staining which is usually
rimmed in turn by muscovite [figure 20). Because the white
spots are found in many different schists, it appears that
they were originally metamorphic minerals \Cafdierita?) whic
have since been altared ito a
Mafic pyroclastlc breccia
L mafic pyroclastic rock crops out in a thin band

hetween sec. 32, T.28N., K.46F. and the very southwestearn
corner of sec. 29, T.208N., R. 8. This unit fcrms dark
reddish-brown, rounded outcrops which are poorly feoiiated.

nyritic amphibolite which contalins

epidotized plagiocclase

§+

ss than ¢.0 mm, but to 2.2 cm

up

section the porphyritic amphibolite
lenticular (less than 5 mm in

aggregates which sometimes convaln

rs both as small, subnedral needles
iec anhedral fragments.

ng the pyroclastic unit is a

e similar to the matrix material of

This amphibolite contains in thin
ite, 5 percent

h

(possible relict vesicles) lined or filled
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Figure 20. Photomicrograph of white spots in the metapelites

(¢the thin section is cut warallel to the folietion). EHech
spot 1s composed of fine-grained material rimmed wWith

1
hematite staining which is generally rimmed witn muscovite.
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plagicoclase of unknown composition, 15 percent epldote, 15
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amount of quartsz. The
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hornblende forms ragged, unoriented fragments usually with

actinolite cores. 3iptite appears to be both replaced by and
replacing hornblende. The plagioclase 1s highly altered To

epidote and overgrown by ampnibole and biotite.
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The pyroclastic hreceis
angular, rounded, or irregularly shaped clasts (from very
spall to 20 cm in length) in a medium-grained amphibolite

matrix {figure 21). The clasts are elongated parallel tc the

dip of the feliation and generally weather in relief. Three

(8]

L

rock types comprise the clasts: fine-grained

plagioclase~rich amphibolite, fine-grained plagioclase-v0oOYr

amphibolite, and porphyritic amphibolite similar to the rocks

directly underlying the breccia. These fragments predominate
in the eastern outcrops whereas the western outcrops also
contain guartzitic clasts. Kands of rocks similar to the
(stratigraphically) underlying porphyritic amphibolite are

aiso interbedded or intermixed with the pyroclastic unit. On

~

the slope south of hill 91860 (sec. 32, T.20L., R.08E.
fragment-pearing portions of the mafilc pyroclastic are
crossed at nigh anzles to the foliation by fragment-absen
amphibolitic poriions {(figure 22). The presence of rip-up
structures and swall-scale channels 1n this outecrop suggests

that the fragment-bearing portions and the fragment-absent

portions represent sedimentary layering which is at a nigh
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21. Photograph of mafic pyroclastic breccia. The

Figure
ts are irregularly shaped and contained in a medium-

grained amphib olite matrix.

clas
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Figure 22. Photograph of bedding preserved in the mafic
pyroclastic breccia whieh Is at high angles to the foliation.
A possible rip-up structure within the finer-grained portion

suggests that stratigraphic up is towards the top of thne
picture. This is in agreement with a small channel scour
also found in this cutcrop-.



angle Lo the folisatlon. These structures also indicate that

is to the scuthwest. These outcrops suggest

=

stratigraphic up

d

¢t
-
m

that both westward and stratigraphically upwvar

pyrociastic breccia has beer increasingly revorked by water.
In thin section the matrix of the pyroclastic

brececia is composed of 30 percent plegioclase, 20 percent

hornblende, 15 percent biotite, 15 percent epidote, and 20

nd guartz form a

I

percent quartu. The plagioclase
fine-grained matrix in which larger unoriented plagioclase

mvhenocrysts, rock fragments, and chert (?7) fragments are

nde occurs both as small, alligned,

L

contained. Hornbhl
subhedral needles and as large uncoriented poilkiloblastic
subhedral crystals. Some crystals have small cores of

5

actinclite. The biotite appears as aligned anhedral flake

which have been replaced in part by amphibole.

Meta-argillizte

Well~banded biotite/chlorite-quartz-plagioclase
schists form a thin horizon near the top of the Moppin series

in sec. 32, T.28¥., R.8E. This unit forms subdued, blocky,

=

i)
]
o)

well-foliated outcrops with prominent green, black, gray,

]

i

nds (figure 23). TLayers within this unit ar

N
o

&

greenlsh-gray Db

.

generally less than 1 cm and differ mainly by the amount of

—

bicotite in each band.

w
b
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In thin section the mineral assemblages

between color bands. The major assemblages are 1) biotite +
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Figure 23. Frhotograph of the meta-argillite.



Celaspur + epidote + chlorite; 2)

muscovite + guartz e

biotite + quartsz + Ifeldspar + chlorite; 3) quartz + Tfeldspar
with trace amounts of biotite and muscovite; L) guartz +
bictite + muscovite; 5) biotite + quartz + epldote; &)
Liotite + quartz; TJ) quartz + biotite + epidote + chlorite.
Clinoczoisite and are present in all the layers.
The boundaries between each asssemblage 1s sharp and usually
defined by a maerked change in biotite or quartz graln size.
Chlorite is always minor and forms a foliation parallel ©o
the color banding; bictite is present in ail bandes and
sometimes comprises 40 percent of an individual band. It 1is
ailways poikilobvlastic, forms ragged flakes or fragments, and

sharply truncates the chiorite. Quartz is the major
comnstituens of all tne bands and in some bands appears as
very well-sorted, polygonal grains, and in other bands it has
irregular grain boundaries and forms =a poorly sorted matrix
with feldspar. In layers with muscovite, the guartz forms
straight-edged, elongated grains whereas 1n layers without
muscovite the qguartz gralns are more equidiminsional.
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Felsic wehilsts

Burned Mountain metarhyolite

Burned Mountain metarhvolite is exposed on the

western edg of the study sres &long Sheep Guleh (sec. 22,
T,280. . R.7HE.). Irn this srea three nhorizons of the rhyvelite
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arkosic sedimentary rock section. 4 thin interval of the

Burned Mountain metarhyclite also crops out within the

B s ry oy \ - y -
arkcses in sec. 37, T.208R., R.7BE. The Burned Mountain

metarhyolite appears to be stratigrephically conformable in

433

2ll cases with the enclosing arkoses, although contacts ar
poorly exposed.

The Burned Mountain metarhyolite forms bold blocky

outcrops and extensive talus; schistosity 1s usually poorly
developed and saunples break with a concholdal fracture. Tre

rhvolite is typilcally gray or pink and nas brick red or
grayish-pink weathered surifaces. On weathered surfaces,
quartz phenoccrysts stand in relief. All sanmples of Burned
Mountain metarhyolite are characterized by approximately
equal numbers of guartz and potassium feldspar (now
microcline) phenocrysts (generally less than b4 mm in length)
in an aphanitic silicic groundmass which comprises 65 to 80
percent of the rock. Portions of the outcrops in sec. 22

(T.28N., R.7E.} contain abundant parallel light-gray

bl
!
jon

aphanitic stringers which impart a foliation to the rock
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whnich lack any megascoplc
ic texture is preserved in sone

2.0 em in Length) black,

r bodies, often with flared ends.

ive of

“lattened pumice fragmentis. The
-— O

o
93]
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seuthernmest horizon of Burned Mountain metarhyolite on the
west side of Sheep Gulceh is non-folisted and lacks obvious

relict pumice, or light-gray stringers. In these cutcrops

the microcline phenocrysts are much larger, generally 5 to 10
mm and range up te 2.0 cm in length. In sec. 36, T.26N.,

R.T7E. the bBurned Mounitain metarhyolite appears To have peen

stightly sheared aand chloritized. It is greenish gray with
prominent 1 to 2 mm stretched microcline crystals and minor
{1ess than 5 percent), small (1.5 mm in length) lenticular

quartz phenocrysts. Thin greenish-gray streaks resemble the
light-gray stringers in the BSheep Gulch outcrops.
The guartz phenocrysts are rounded to subhedral,
0.5 to 5.0 mm in diameter, and dark gray or slightly bluish.
o

Tp +hin section the guartz phenocrysts are strained and havw

[43]

sharp grain boundaries, or have resorbed edges with deep
embayments of the groundmass, or (very rarely) are
recrystallized to polygonal aggregates. Fractures filled
with sericite and small bleb-like inclusions of sericite are
common in the guartz phenocrysts. The microcline phenocrysos

are pink, generally 1 to 4L mm in length, and euhedral 1o

slightly rounded or lenticular-. The lenticular microclines
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are elongated parallel to tne plane of foliatlion. In thin

ve exnhibites gridiron twinning znd the

section microcline alwa

daries are nignly resorbed and rimmed with opaque

grain bour

gust. ITnclunded in the microcline graing are opagues, (rare)
carbonate, and sericite-filled fractures. Trhe aphanitic
groundmass is composed of fine (less than 0.01 mm) intergrown
grains of quartz, micrcocline, muscovite, and plagioclase, and
minor opague minerals. he muscovite grains have a prefered
orientation defining a fabric which in many thin sectlons

drapes around the quartz and microcline phenocrystis.
Avundant, lignt-gray, parallel stringers asre 0.2 to
1.0 mm in width and 0.5 to 2.0 mm apart forming a distinctive

tabric in some samples. In thin section the stringers are

-

concentrations of muscovite and quartz or opagues anc quartz.
The gray stringers may represent flow bands of a lava,

flattened pumice of & very densely welded ash-Tflow tuff, or a

metamorphic texture. BElack bands, which are prominent in

™

some outcrops, can exceed 30 cm in length and elther paralisl

or thre fabric defined by ithe gray stringere or form curved
hands resembling solution fronts. lovorka (1978) X-rayed

this material in an unsuccessful attempt to identify the
mineralogy of the bands and c¢ould conclude only that tne
banding was due to concentrations of very [inely disseminated

opagque material.
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Muscoviite-leidspar—-quartz schist

A muscovite~feldspar-quartz schist forms a thin buil

continuous horizon over four miles in length between sec. 26,

jan
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T.28N, R.7E. an

>

muscovite-feldspar-quartz schist forms beld, highly schistose

CULCrops. The schist is usually white and forms satiny
vellow, reddish-bprown, or greenisn-white weathered surfaces

which have prominert guartz phenocrysts in relief.

s
(€
ft
o
[42]

The muscovite-feldspar-quartz schist

characterized by S to 10 percent prominent gquartz phenocrysts
{1 to 3 mm in length), and 0 to 10 percent microcline
phenocrysts (2 to 4 mm in lengtn). Also present are 2 to &
mm pyrite cubes, 1 mm magnetite octanedra, and 0.5 to 1 omm

biotite [flakes. Lenticular shapes suggestive of relict

pumice fragments (up to 5.5 cm in length) are present

e}

e
-

outcrops above the Moppin ranch (sec. 26, T.28N., R.7E.).

The outcrops in secs. 33 and 34, T.28K., R.B8E. exhibit

pronounced, closely spaced slip cleavages at hlgh angles to

th foliation.

D

In thin section the guartz megacrysts are square or
rounded and are typically deeply embayed with groundmass
material. They commonly contain blebs of sericite and

fractures filled with the groundmass, sericite, or gquartz and
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picrocline. The microcling always exnibits gridiron TwWwinning

and usually contains ipclusions of, and 18 pordered with,

consists of very-fine-grained (less

opagques. The groundmass
than 0-01 mm) intergrowths of polygonal quartz and feldspar

with aligned muscovite and &CTE

(0.06 mm) polygonal quarts form
drapes around the phenocrysts of quartz and microcline. The
i pnenocrysts are typically rotated with respect to the

toliation.

Sedimentary Rocks

m
{n

o The sedimentary rocks form a northwest-trendin
pelt of continuous £Xposure alon +the southern portion of
* ks

r as Eureka Canyon, sec. 1, T.208H.

o

+nis map area Lo as T

;, personal commun. ) - They are also

*

AV

R.6F. {(T. Gibson, 197

exposed further to the northwest in the Erazos Box.

Arkosic sedimentary IOCKS

sic sandstones, shales, subarkoses

o

arkoses Metamorphosed ark

e lower H0O0 meters of the

o

and minor gquartzite form ¥
sedimentary rock section. The sedimentary rocks tetween the
-'! NW 1/b, sec. 32, T.280H., B.8E. and sec. 22, T.280., R.TE.

nr crop out only poorly and are generally

feldspar~muscovite—quartz schists. They are predominately
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fine- to medium-gralrnec, Tinely To moaerately iaminated,
poorly sorted Arkoses. Founded guartz, feldspar, and ocpagues

are generally less trnan 1 mm in size, and are contained 1a an

orangish-yellow, mice-rich matrix; blotite is usually minor

o
-

or absent. North of the Moppin Ranch the arkoses are gre

and appear to contain appreciable amounts of chlorite and

throughout the sectilon

Y
=
m

magnetite. Less common roci
coarsely recrystallized gray cuartzite with minor
interstitial muscovite, piotite-quartz (+/- feldspar)
(sometimes phyllitic) schists in alternating dark and light
bands, and greenish-gray phyllitic schists walch may contalin

vigible rcunded quartz grains. The guartzites and
feldepar-muscovite-guartz schists typically contain thin
{less than 1 mm) dark laminae of mafic minerals which define
bedding and rare crossbedding- Close to the bottom of the
sedimentary rock section (eg., at the 9200 {foot elevation,

sec. 25, T.28H., R.8L.) is a gray, micaceous, spotted,

phyllitic schist that contalns numerous, rhomb~shaped

(¥
|
o
=
¢t
O

cavities that appear to hazve formed by the weathering
E 2 mm siderite (?) grains.
In thin sections the arkoses range between LO to 70
percent quartz, 20 to 30 percent mica, and 10 to 20 percent
teldspar, with rock fragments, chlorite,

epidote-clinozoisite, hematite, magnetite, and other opagues

commonly present 1n minor amounts. The guartz grains vary

widely in shape, size, and intergranular boundaries. The
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crains reange 1o

gquartz

and up to 2 wmm In other

2

stretched rains

trained and unstraine

extensiv

and feldspar grains

grad

&

a crude

n

displa

g
W

s distinet ¥o_iavio

&

angles by pilotzite flak

als are commoniy conce

gpesting they are probabl

The arkoses 1in se

to be stratigraphically

32, T.28N., R.EE. based on

2

volcaniclastic schist (the

the section.

generalliy whitish

v
%y
o

o

which are

or pinkish gray. They are

rraded bhedding are rare.
g g

from schistosity in the sou

©

th schistos

[SH

this exposure;

han a westerly direction.

ot
v

northerly foliation and are

arkoses north of Spring Cre

with str

eq

continuous with the

Bedding

s

0.3

rom 0.03 to 2 omm in phyll

T T elecn

2]

They form eguant,

raight or sutured boundaries.

d¢ quartsz grains occur within

Both plagioclase and microcline

val amounts. can

altered The

2Ly

are angular to subrounded and very

ing. The muscovite consistently

n commonly transected at

eg 11 present. The opague

ntrated in distinct layers

y detrital grains.

R. 3

H

¢. 23 and 34, T.208N., appea

arkoses 1in sec.

the presence of the felsic

muscovite~Teldspar-cuartz schist)

3

These arkose form bold outcrops
P

gray and wveather to a dark

well bedded, but crossbedding and

cannot be distinguished

dzes f

theastern and eastern e es 0

ity strikes 1in a northerly rather

Mafic schists parellel the

similar to mafic schists in the

ek (described bhelow). These mafic
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schists crop out onmty wWiwnan d
poorly exposed. They are
approximately eqgual proporvion
In +thin section., the schists ¢
chlorite with minor amounts ol
opagqgue minerals. The hornblen

terminated ends and 0.1% to C.
generally euhedral. Chlorite

which are crossed by hornblend
schistosity in the &rkoses can
difficult to tell whether the

parallel the bedding. Foliati

3 similar trend as the amphlipo

lineated granodiorite suggesti

rainages and are generally
ined and have

ark and light minerals.

ontain hornblende, guartz, and
nlagioclase, clilinozoisite, and

de is randomly oriented and

al sescitions with poorly

5 mm cross-~secitlong which are
occurs in unoriented aggregates
e euhnedra. Fecause bedding and
nct be distinguished, 1t 1is
mafic schists cross-cut or

on in the mafic schists follow
lite dikes that intrude tThe

ng that the northerly trend of

“he “cliations in this area may represent a secondary
foliation along which dikes were intruded. On tne other
hand, the mafic schists are petrographically very coumparable
to the mafic schists interbedded in other parts of the
arkosic section. I+ is therefore suggested that these mafic

schists parallel bedding which has

been folded-.

pebble conglomerates The pebble conglomerates in the middle
of sec. 22 form light-gray, jagged or rounded, highly

schistose outcrops whereas the

portion of section 22 are less

blocky outcrops.

Gradations between

exposures in the southern
schistose and form dark-gray

conglomerates and
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fine-grained phyllites cccur in sowme of the ocutcrops-

Crossbhedding end small-scalie < can be identified
¢ . )
in many oultcrops. L£11 the clasts lexcept veln gquartz) are

highly flattened in the plane of foliation (figure 24} and

form a4 prominent lineaticon (figure 25). The majority of the
C are black hemaetitic
s with rare clasts oF

were found. Clasts

o
oF
[é7]

red chert. No clasts of mafic schis
are moderately to poorly sorted and generally range between 1
and 2 cm, but clasts ur to 16 cm were found. The matrix 1s
typically purplish gray and ccomposed of fine-grained guarty

|92

and muscovite.

w
o
i,#-
=
o

In a thin section with clast size aver
approximately 1.5 cm, 90 percent is guartz and cuartzitic
rock fragments. The rock fregments are predominantly cherts,
polygonal quartz aggregates, and sutured gquartz aggregates

with minor fine-grained felsic schists. The clasts are

generally lenticular shaped. Five to 15 percent is a

-

weli-foliated matrix composed of feldspar, muscovite, guartsz,

b

d o n which thin stringers of opaques and/or

or
fe]

aques

muscovite rim many of the clasts. Subrounded to angular

~

L. 5 mm

ar

<
O

Jt
b
o

grains of quartz and plagioclase {up

n

w

included in the matrix. In thin sections of progressively

o

finer grained outcrops of the pebble conglomerate, the
percent matrix increases, a decussate texture develons, and

the clasts increasingly lose distinct boundaries.
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Figure 2L4. Photograph of pebble conglomerat

dicular to foliation. Note the extreme £lat
the clasts except for clasts of veln quartz.
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Figure 25.
foliation.

B T L Rt

Photograph of pebble conglomerate paral
Note the prominent lineation formed by

stretched pebbles.
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Pebible conglomerates also crop out on ihe east side

of B820 nili, sec. 34, T.208., R.45. but there they contain
only angular clasts of quartz. These outcrops are whitish
gray and weather to dark grays They are poorly to moderately

well sorted, and contain a variable amount of matrix
material; at some localities very 1ittle matrix material 1is

raesente. The matrix is composed primarily of guartz,

ol

muscovite, and biotite. The clasts range between 0.1 and 3.0

5

cm and are moderately stretched in the direction of dip.

of the arxosic section anda

chiorite phylilite AL

directly overliying the muscovite-feldspar-guartz schist {the
it
relsic volecaniciastic schist) is a distinctive chlorite

. S s
horizon betveen sec. 20,

phyllite. Tt forms a continuous

T.28¥.. R.T7E. and sec. 33, T.28N., R.BE. although it is
bl 2 > E

covered by Tertiary rocks in two places (sec. 25, T.2B6H.,

Lad

5 T.28N., R.EE.) and intruded by a

3

N

BR.TE. and sec. 32 and
small pluton of the Tusas granite (sec. 25, T.28N., R.TE.).
It nas & phyllitic dark- to light-green weathered surface and
typically forms bold, highly schistose, blocky outcrops.

The pnyllite commonly contains magnetite octahedra
and in sec. 25, T.28N., R.7E. it also contains staurolite
porphyroblasts. Thin sections of the staurclite-bearing
phyliite contains b to 50 percent muscovite, 40 to Ls

percent quartz, 5> to 10 percent bilotite, 5 percent chlorite,

ercent staurolite, and magnetite and other opagues as

1
e

accessory minerals. The quartz grains {less than 0.1 mm in
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ength) are &.onga.od

the mice graling. Porphnyroblasts of staurolite iaths {up to
5.0 mm long) sharply cross the follation and appear to have
been subseguently rotvateda (figure 26). The staurolite has
streight edges, ragged termipations, and 18 poikiloblastic to
the guartz-mlca matrix. It aliso appears to be replaced in
part by & ehlorite that is pieochroic light yellowlish green,

grass green, and light blue.

pebhly horizon Approximately 00 to 12% meters from the base
5F the smrkoses bhetween sec. 32, T.2C6H., R.8E. and sec. 26,

.28N., R.T7E. is & pebbly horizon which was manped and uzed

[

ic marker within the arkoses. This bed is

o
i8]
m
0
]
o
=3
48]
o+
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1.5 to 2 meters thick and forms blocky, schistose outcerops
with & characteristic reddish-brown, bumpy weathered surface.

The outcrops are well bedded with relict crossbedding and

sreded bedding only rarely preserved. Reddish-brown banded

~

chert stringers parallel the bedding in some outcrops. An

sutcrop velow the saddle just west of hill 9021 {sec. 31,

.

T.28N., R.8E.) contains a 30 cm long chert "nodule” and v

4]

-
)
48]

or stringers of black and reddish-brown banded cherily
material which creoss the foliation.

The pebbly horizorn is composed of sguare to round

-

feldspar grains (less than 5 mm in diameter), rounded guartsz
grains and lenticular felsic schist fragments which are
generally less than 1 cm in diameter, and a highly schistose,

muscovitic groundmass. In thin section, 25 to 30 percent of



Figure 26. Photomicrograph of staurolite in the

phyllite (arkosic sedimentary rock section). The
porphyroblast sharply cuts the well-developed fol
Tormed by a muscovite-guartz matrix.

chlorite
stauroclite
iation



the rock is rounded uguariz, roch fragments, mlcrocline, and

plagioclase grains {(in des ordsr of abundance) and T0
to T5% percent matrix. The microcline exhibits gridiron

twinning and nas indistinct grein boundaries; the plagiociase

exhibit bent elbiite twins and are highly sericitize

matrix is 60 percent polygonal guertz, less than J.4 mn in
. i FRE 1 . 3 .- Lo
diameter, and 40U percent muscovite. The gquartz and muscovite

of the matrix forms well-foliated lenses and layers which

drape around the larger grains. Chnlorite, clinozoisite,

hepatite, and cpague minersls occur 1in trace anmounts.

Clinonoisite and the opague minerais arege nighly concentratad
within a few layers of the matrix.

mafic schists Fairly continuous mafic schists 1 to 15 meters

thick were also mapped for stratigraphic control within the
arkosic sedimentary rocks. The mafic schists are distinctive

y foliated, and form

bt

in being dense, poorly to moderate

orangish-red and dark brown (or green) rounded outcrops and

-

boulcders. Thev are gensrally very fine grained which makes
+ 1

mineral identification difficult in hand specimen; the major

mineral constituents in coarser grained varieties are

{
i

chlorite and plagioclase (+/- magnetite). HRelict plagiocclase

s

phenocrysts (up Lo 1 1/2 cm in lengtn) commonly weaither in

relief on the surface; generally they are broken and in
varying stages of alteration to epldote and sericite. Soms
outcrops contain numerous thin {less than 1 mm) calcite
stringers and nodules (less than 1 cm) flattened in the plane

o

of foliation.




T e

R R i coe

o
]
o}
=]
o
0
@]
O
<4
EJ_
t
4]
|
fe}
o
.
ot
3
i
el
jm
n
Ct
i

Interbedded subarko

which are exposed alcng the Spring Creek road cuts weather to

These sed-mentary rocks are predomlnately conmposed
of guartz with varying amounts ol feldspar and muscovite.

The quartz grains are usually well sorted except in pebbly

5 ciear or milky

w
)
},
o
wn
o
7]
&)

horizons. In the pebbly horizons

. quartz and feldspar up O G omr o in lenegth are stretched alo

i

i strike. Mica-rich lavers often show 5 mm eubedral nictite
flakes developed at high angles to the foliation defined »¥

the muscovite-

In thin section the subarkose contains 70 to B0

percent quartz, 10 to 1> percent feldspar, and 10 to 15

percent muscovite; clinczoisite, biotite, microcline, and
carbonate occur in trace amounts. The guartz and feldspar

srains display both straight and sutured zrzin boundaries.

gy
The quartz grains are generally 0.3 to 0.5 mm but range tc

almost 1.0 mm and are highly strained. The feldspars are

0

0.15 to 0.3 mm, highly sericitized, and exhibit albite or
Carlsbad-albite twins. The muscovite exnibits a slight
tendency to be oriented in one of two directions,

approximately 70 to B0 degrees apart.




Felitic schists

A =ecticn of pelitic schists and interbedded
amphinclites is exposed zlong and south of the Spring Creek
H., BE.BE.). This map unit contains

. / - .
roadcuts {(sec¢. 33, T.Z

four major rock Lypes: hornblende gneisses, amphibolites,

kvanite~garnet-stauroclite-mica schists.

n

hornblende gneisses These beds are commonly thinly

interbedded with the mica-nuartz schists. The hornblende

handed and well foliated witn a dark:lignt

m

gneisses &ar
minerals ratic of about 1:1. In thin section the gneiss
containe approximately 65 percent hornblende, 25 percent

gquartz, 10 percent muscovite, and small amount

93]
s}
h

pilagioclase, clinczoisite, and cpaque minerals. The

hornblende forms anhedral fragments which are sirongly

=

foliated and poikiloblastically encleoses guartz and

MUBCOVITE . The guartz forms bands and lenses of polygonai,
unstrained grains. Muscovite is aphecdral and is not slignezd.

amphibolites The amphibolites have dark:light mineral ratios

d are thicker and more massive than the

of about 3:1 an
hornblende gneisses. These rocks are green and white,

«

medium- to cocarse-grained, and contain hornblende up to 15 nn
in length which ig randomly oriented within the planes of
toliation. In places the hornblende forms a lineation down

the &ip of the schistosity. In thin section the amphibholite
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percent nurnvienae, 25 to 30 percent plagioclase,

[
w
T
<
g
O
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“

0 1o 20 percent guarts, and 5 percent bioctite with carbona

w
ot
[

clinozoisite, and opagues as accessory minerals. The

hornbtlende is 0.2 o 5.0 mm in length and is well aligned

hornblende. The © ins are generally 0.1 to 0.5
mm, have sutured boundaries, and are generally fresh although

htly sericitized. The plagicclass are

o

some gralns are sli

commonly twinned according to the albite and Carlsbad twin

1aws . {Quarf}"i graius sre UO.1 to (Jur) mIn in l"r.:‘l'lgth, and also
sutured and unstrained. The carbonate 1s sitrained and
exhibits polysynthevic twinning as well as ancmalous
interference colors.

mica-quartz (+/- garnst) schists These schists are light

ct
Q

gray. highly schistose and friable, and wel’l banded due

biotite and muscovite. Red euhedral

5

varying proportions o

garnets up to 20 mm in diameter are abundant in some layers.

s

Plagioclase greing, 2 to 7 mm in length, alsc occur 1in sowme
of the bands. In thin section the major minerals are qguartez

y -

(50 to percent), muscovite (20 to 25 percent), and bilotite

A
N

- i bl

cent . Carnet, tourmaline, and opaqueée mineradls

(20 *o

N
A

-3

4]

e
are accessory minerals. Trhe quartz grains are egulgranular,

generally less than 0.25 mm, and only slightly strained.

-

Large biotite flakes (up to 1.L mm in length) and smaller

(0.15 to 0.5 mm) muscovite grains define a decussate texture
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iovic cus quartzite was mapped

- S . o
.. R.G8E. and 28%., R.TE.

sec. 27, T.

with the

quartal te 1s assumee o be in Taultl
e oo e b e e gn AR
&G subgarroses 106 1rea

section oi this

The vitreous cuartzite

which weather to purplish-gray,

stose cutcrops

outcrops which break with conchole

Joirnting iz gzene conspliuous. Guarts veins of vzricus
sizes ccmmonly form piyvematic folds that cross the beading
the quartzite. Levailed descriptions of the vitreous

3

—
-

O
~
p.

, R . . . o o - )
ave been maase oy kerker (1058) and Bingler

i}
o
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o
‘._.J
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[ty

der should refer to these authors detailed

descriptions of the gquartaite.
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‘nLrusive Hooas
Grznanodiorite

N
L

Outerops of the lineated grancdiorite

nand belLween LThe weagtern coerner o

the south-central portion of sec

¢

T.208HK., R.TE. This rock also crops out in the

west-central portion of sec. 23, T.208N., R.TE. and the

east-central portion of sec. Z2, T.28H., E.7E. The eastern
adge of the grenodl is covered vy Tertlary gravels and
the westsrn edge Inver{ingers with the schists of the Moppi
series. The contacts with the Moppin series are sharp and

the follation of the schists.
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The lineated grancodiorite is gray and white and
commonly weathers Zc¢ grayish-white or pale-green or rarely
a bleached white color. It is moderately to very poorly

schistose and typically forms large blLocky outerops.

iong, bictite-chlorite knots andc 1

L
o
Y

o = o2 g 2 -
Elongeted, 0.2 to

ge phenocrysts are conspicuous in all

ot
o
n

to 5 mm plagioci

e

outerops and define the lineation; guartz phenoccrysts are

generally absent. In thin section the plagioclase

phencerysts and biotite-chlorite knots are seen

ne-gralined matrix of guartz, plagiccl
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microcline, and biotite with carbonate, clinozoisite,

epidote, and opague minerals as accessories. The grain
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boundaries of the winsrals in the groundmass are sutured and

irregular. The plagi chenocrysts are anhedral with
irvegular graln boundaries, highly sericitized, and are
generally twinned according to Carlsbad-albite twin lawvs.
Inclusicns of calelte, cuartz, epidote and cilnozolsite are
commnon within the rysta. The biotite lineations
zonsist of Liotite {(+/- chlorite, with small
emounts of epidote, clinozoisite, and carbonate. Specimens

which contain cuartz phenocrysts are seen 1in thin section %o

3
ct
1

have muscovite as = r comvonent and the aquartz
phenocryscvs are recrystallizes 0 polygonal azgregates.
granodiorite of Bvpring Creek The granodiorite of Spring
Creek crops out between sec. 235, T.28K., R.7E. zand sec. 22,

T.28N., R.TE. The western e of the grancdicrite body ends

jol)
o]
[

ot
k)

]

abruptly at Bheep Gulch and castern edge 1s gradational

©

with the lineated granodicrit

The grancciorite £ Spring Creek 1is pinkish gray
and weathers to & distinctive plnkilish-orange color. The
outcrops are very scnistose and do not form good exposures.

J

reex 1s

c

Much of the area mapped as granodiorite of Spring

covered by coclluviume.

"

ce (up to

.

Foundead, slightly bluish, quartz phenocrys

o

w

3 mm) and broken plagloclase phenccrysts are prominent on
wveathered surfaces. One to six millimeter pyrite cubes are

found in some outcrops. The groundmass is kighly schistose
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due to abundant muscovibe sl chnlorite and is typically
s+ted with elongate holes. Tn the field the granodiorite ol
Spring Creek can be distinguished from the iineated

guartz phenocrysts, &

grancdiorite by 1ts

phyllitic sheen OD

1

)
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=
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distinctive pinklsn-ove

veathered surfaces, and toe scarcity of bloti

)
ct+

e—~chlorite

oF
w
s

wnot
In thin section, the granodiorite of Spring Creek

ericitized plagioclase phenocrysts and

o

consists of large

rounded guartz grains in & groundmass Ol strained quartz and

Lecessories. LBiotite, chlorite, and

1

muscovite with opaque
epidote occur 1in varying amounts. Unlike the lineated
granodiorite, mierocline, carponate, and plagioclase are not
present 1n the groundmass - Carlsbad-albite twins are the
predominant type of twin planes in the plagioclase. ¥ent

twin planes, broken feldspars, and sericitized fractures in

the plagioclase are evidence of cataciastic deformation.

v o two to three

9]

The Tusas granite is exposed oV

square mile portion of the northeastern flank of Tusas

Mountain. The granite is discordant with the countiry rock on

its western margin; a porphyritic igneous rock (reported by

Barker, 1958, to be basaltic andesite 1in composition) exposed
in the northeast corner of sec. 23, T.28N., R.TE. ends

abruptly against the granite. Tmmediately adjacent to the
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wegstern border o7 thne ugr
granite and the porphyri
cther. The southern bou

with the

contacts with The

material interfingers wi

of the contact.

granite and greeunschists

Thre= minerslo

noted within tne major p

intergradational. The

- =

o
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throughout the pi
weathers
with

in relief. Phenocry

fail

the rock (30 to

pere

4]

to 70 percent ars mi

phenocg:

co

@8 guarts I«
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total phenocryst content

P re -~
commonly 3 to © mm long

phenoccryst observed was

appear to have originall

phenocrysts are pink or

{most average 3 %o 5 mm)

groundmass 1s very fine

indary of the

ists

¥y been

anive, however,

=
s
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o

granite is ¢
and

amphibolites.

are sharp altnough Telsic

&
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rock witnin 1

A

founa within both the

]
o

the contact.

riations of Tusas granite vere

common type

voorly te moderately

anges, gray, or bleached white surface

ar guartz and pinx or wnite microcline

commonly comprise 30 to 50 ercent of
P

nw

of the are quartz, and

rhenocrysts

rocline) aithough samples were noted

tent was 1in excess of 90 percent. In
ents oniy 15% to 25 percent of tne

. Founded quartz phenocrysts are
(although lengths reach 1 cm; one

2 1/2 cm long), slightly bluish, and

blpyramidal. The microcline

white, eunhedral, 3 to 21 mm long

, and contain mafic inclilusions. The

rained, ink or white, and typically
¥i Y
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comprises 50 to TU peroect ol e Trock. Biotitve 1s very

tive type of granite occcurs in a

3

scemingly random munner throughout the pluton and 1is

sssociated with the Moppln series

C
-
w
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o
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commoniy, but not

contacts and with gueriz veins. GCood exposures are found
alcng the icoh eost-southeast from 9509 hill in
sec. 24, T.28N., R.7E. This granite is very dark red and
consistes of muscovite, guartz phenoccrystis, and a fine~grained
groundmass. In these rocks, guarts phenocrysts may comprise
25 much as 40 perceni ol uhe total rock, essentially nc
feldspar phenocrysts zan be seen, and muscovite plus 2

by

make up the rexainder of the

¥

variabhle amount of rouandmas

4]
—

ection the red color can be seen to he a

o

rock. In thin
result of hematite staining on nmuscovite grains. The ounartez
phenocrysts are recrystalilized aggregates of strained guartz.

A third type of granite is very minor and ig most

13
o
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t
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o
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2dge of the expos

[da)
ot

apundant along the westernmo

tne pluton. This gpranite 1s deeply weathered, biotite 1s &

major component {up to 10 or 15 percent of the rock), and
schistosity i1s non-existent. Prominent quartz phenoccrysts

mincr feldspar phenocrysts are contained in & white,

s
€.
~

and on
fine-grainsed matrix which comprises between 65 and 80 percent

of the rock.
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amphibolite dikes Amphiboiite
g —

e s ¢ T, 28I, E.8E.)

]

porticn of th

but poor expost

and amphibolites
Moppin series. The dikes could not be traced into thne

country rock surrounding the lineated grancdiorite and lack

of exposures prevented tracing them on the north slopes of

the zgst-west by the granodliorite. The dikes
trend approXximatsil UW o oanpd cut the foliation of the

granodiorite at high ¢ 3 . The dikes form poor exposures,

but are easily ir by abundant float. They are fine- %o
mediunm-grained, eguigranular to slightly schistose
amphibolites, witn plagioclase:hornblende ratics between 1:1
and 1:2. Some specimens contain 3 to 5 mm feldspar blebs

4]
o
(94
'
e
w
ct
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which may represent reiict ph

In & thin section with approximately egual amcunts

of hernblende and oligoclase, longitucinal sections of
intimately intergrown hornblende (0.9 to 1.3 mm in length)
are cften bent and broken. The edges of cross-sections are
ragged and resorped and the ends of longitudinal sections are
poorly ternminated. The pleochroism for ithe hornblende 1is

pale yellow, olive green, and dark green. The cligoclase
grains are fresh, (0.00 to 0.31 mm in length) and

ecuigranular with uneven extinctions.
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granodiorite dlxe A granwoiorite dike intrudes the Moppin
serieg in seg. 20, UL , B8k, The dike trends

rock cannct be observed due to lack of outcrops, the trend of

the dike forms & 20 degree aungls with the foliation. The

i
relationship betwvsen the diks and the Tusas granite cannot be
determined of Door =2xposures. Exploration pitus are
common on meny ol Lhe exposures. This dike and the lineated

rranodiorite are not in contact with each other so that their

()3

relationship 1s notb
The granocaiorive clge [orms distinclive light-gray,

discontinuously exposed along

massive outcrops wnich

2 strike. The dike consists of to 5 mm plagioclase

iy
‘L.J

]

phenocrysts in & quartue, vplagioclase, biotite groundmass. In
thin section, chlorite, clinozoisite-epidote, and carbonate
are present in trace amounts. The highly sericitized and

saussaritized plagioclase shows conmplex Carlsbad,

Carlsbad-albite, and albite Twinning. Biotite occurs

(o8
=
’_l.
ct
]

throcugnout the groundmass 1in knots often associate

jag e

carbonate.

granitic dike In sec. 25, T.28N., K.8E. a north-trending
granitic dike crcsses the lineated granodiorite and the
amphibolites of the Moppin series. Contacts with the

enclosing rocks are not exposed along strike of the dike or

at either end.
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Thie unit is Llgn. gruy, wealhers to dark-gray

5]

surfaces, and forms distinctive blocky ocuterops. The rock 1
very fine grained aend contains 5 to 15 mm white oval spots

have pyrite

H
o
"._J
H

o

which grade into white streaks and which ust

. The spotted portions of

[}

at thelr center

emingly random manner.

into unspotted porticns in =&

ere

In thin sectlion this rock contains 45 to 50 pe

T

nt

microcline, % to 10 percent plagioclase, 20 to 25 percent

gquartz, 5 to 10 percent muscovite and 5 to 10 percent biotit

4

\

e-grained (less than 0.15 mm) mosalc Texture.

'_l
=
o
]
s
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Opegues (including pyrite) ana cilnozolsite are accessory.

The white spots with or without pyrite centers consist of

{ N B . s . - - T -
larger {(up te 4 mm ) grains of matrix rial. When pyvrite

4

na

s
®

is present 1t 1s often intimately intergrown with biotite and

clinozoisite. Muscovite and biotite form a well developed

pegmatites and auartz veins The only occurrences of

pegmatite velns are found in cuts along the Spring Creek road

<o

(sec. 33, T.28H., E.EE.). These veins are small (less than

1.5 meters wide) and have a northerly trend. They cross-cut
and contort the schists l1mmediately adjamcent to the veins-
The mineralogy of the pegmatites is quartz, microcline,
muscovite, and eplidote; copper oxide staining is common.

Quartz veins intrude all the Precambrian rocks

incliuding the Tusas granlite and an amphibolite dike in the
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: lineated grancdiorite. They torm sharp, usually discordant,
i contacts he country rock, and de not appear o follow
: any consistent trend. Generally the veins are less than 2

meters wide and rarely excead 60 meters in length.

ot
N
)

Prospect pits can be found on & majority of

gquariz velns, especially Wit v+ the Bronpide Mining District.

The Bromide Mine {an zbandoned silver mine in sec. 20,

T.28W. R.TE.) ie situated on a vertical quartz vein

= containing siderite and chalcopyrite (Lindgren, Graton, and

Sordon, 1910}, The encioeing schiste are reported TO contalr
stringers and leuses of tevrahedrite, caelcite, and

aplites Pods and lenses of cranitic aplite dintrude the

Lineated grarodiorite and the Moppln series in sec. 25,

- B ) - - - . N { - N
T, 28N, K. TE. Eguigranular, fine-~gralned (less tTnan 1 mm)

<

quartz, plagioclase, and microcline anhedra are contained 1in

a pink or white apnanitlic groundmeass. In thin section the
: composition of the apllite is approximately 25 percent

plagioclase phenocrysts, 25 percent quartz phenocrystis, 10
percent microcline phenccerysts and b0 percent groundmass.

The plagloclase phzaocrysts are 0.12 to 0.40 mm, very highly

o

=

[=5
3

cit

¢/}

er red and cubt by sericitized fractures. They show
Carlsbad~albite, Carlsbad, and albite twins. The gquartz

phenocrysts are sguare or rounded, less than 0.3 mm in

length, partially resorbed, and exhibit undulose extinction.
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10% muscovite. baSilb in
. compares with

LT except for a

this schist.
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(NE 1/4, sec. 9E.) Amphibolite dike.
Tine-grained, ite, poorlynfoliatei schis
50% hornplende, BU% plaglmclase. Easalt in Chu "c;'s
clessification; compares to Nocko 1d's average gabpro
(Nw 1/k, sec. 23, T.20H., R.T7E.) Greenschist.
Medium- g“ainedj zreen and white, unfoliated
greenscnisv; 45% actinolite, LO% plugioclase, L15%
epidote. Basalt in Church's classiZ "ication; compare
witn Noczold's average tholeiite basali.

(sE 1/L, sec. 28, T.28N., E.B8E.) Hornblendite.
Coarse-grained, dark-green, poorly-foliated
hornblendite; 55% chlorite, L5% nornblende. Baselt
Chureh's classification: compares closely with
Nockold's average nornblendite except for a hnigher
magnesium and lower calcium, sodium, and potassium
content in tnis schist.

(s 1/k, sec. 33, T.28N., 2.88.) Pelitic schist.
and black, friable. well-foliated mica-guartz +/-
garnet schist; 50% guartz, 25% muscoviie, 25% biotit
(NE /L4, sec. 32, T.zE8N. R.8%E.) Amphibolite. Blac
and white, medium-grained, homogeneous amphibolite;

15% id small amount of

15% biotite,
basalt and andesite

compares to Nockold'
it nas a lesser anount of sil

dote,
quar tz,

Church's i
andeslte except

field of

r
T

Gray

average

g
ica.
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composition © 5 everage L
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