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ABSTRACT

The Silver Hill area is composed of genefall&\eastward
dipping Oligocene and Miocene rocks. Eroded faul% blocks
expose tuffs and flows of the Datil volcanics'andfflows of .
La Jara Peak Andesite; fanglomerates of the Poéotdsa
Formation £ill Miocene block-faulted basins, The;uhit of
Arroyo Montosa (early Miocene), consisting of ﬁntérbedded
conglomerates and lava flows, is distinguished:frém similar-
looking rocks of the Popotosa Formation on thé basis of
lithologic differences. This newly defined unit iies
stratigraphically between La Jara Peak Andesite aﬁd the Datil
volcanics., A late Oligocene monzgnite pluton‘intfudes
altered Datil volcanics in the soﬁthwesfern poftidn of the
area. u

"The predominant structural features of the Silver Hill :
area are steeply dipping faults with diverse t?eﬁés.
Faulting is divided into four age periods: 1) middle
Oligocene, 2) late Oligocene, 3) early Miocene; aﬁd 4)
middle to late Miocene. A shallow graben forméd ﬁy middle
Oligocene faults controlled deposition of the tuff‘of La
Jencia Creek., The Mulligan Gulch graben, bordériﬁg the
western margin of the area, began to form in latejbligocene
and was modified by Miocene faulting. Onset ofiBésin and
Range deformation may be extended to very earlj'ﬁibcene
in the Magdalena area.

Late Oligocene argillic alteration and pyfitization

occur along the western margin of the Silver Hillgarea.
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Some argillization may be related to supergené‘éxidation of
pyrite. Sulfur and most of the iron in pyrité ﬁe;é probably
introduced by hypogene solutions which apparently}were not
related to the nearby monzonite intrusive. Paragénetic
relationships on Miocene vein mineralization Sugggét that
some of the assemblage chrysocolla—malachite—hémapite is
hypogene.ﬁ\Excessive depths to the Kelly Limeétoné,
insufficient tonnage of vein mineralization, énd iimited
extent of altered rocks collectively indicate fhat\the

Silver Hill area is not a favorable target for'miﬁeral

explorationi/




INTRODUCTION

Statement of the Problem

The purpose of this study is to map and deacrlbg the

stratigraphic and structural relationships and to;

investigate the alteration and mineralization of the Silver

Hill area, Socorro County, New Mexico.

Location and Accessibility

The Silver Hill area is located 1.5 miles‘west-of
Magdalena, New Mexico in relatively low terrain northwest
of the Magdalena Mountains, The area of lnvestlgailon

covers approximately 22 square miles and lies within the

Silver Hill and Arroyo Landavaso 7.5=minute topographlc

quadrangles., - The boundaries are La Jencia Creek and Dry ke

Lake Canyon on the north a north~south line between La
Jencia Creek and State Road 107 on the east, Boxcar Welli
Road on the south, and a north-south line between Dry ﬁake
Canyon and Arroyo Landavaso on the west (fig. 1). :
Access to the northern and eastern parts of the thes¢sv
area is provided by State Road 52, U.S. Highway 60“bl§ects
the southern part, and the southern boundary of the,aréé
can be reached by State Road 107. In addition, there dre
numerous ranch roads and woodcutter's trails which ébnﬁéct
the western and eastern portions of the area. The iaréér
arroyos are also driveable, ‘

Previous Investigations

4 general reconnaissance of the Datil and Gallinas
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Mountains, northwest of the Silver Hill area,was completed

by Herrick in 1899. In his report of 1900, he concluded
that the rocks were mostly trachyte and rhyolite infrusives.
In the San Mateo and Magdalena Mountains, Lindgren, ﬁraton
and Gordon (1910, p. 239) noted that the first voleanic
rocks of the Tertiary period were predominantly ande?ite;
later flows were mainly of rhyolitié composition;' Winchester
(1920) measured a partial stratigraphic section of fﬁe
Tertiary rocks in the northern Bear Mountains and cailed
the entire sequence of andesite, trachyte and rhyoli%e
flows and intrusives, and some associated conglomeraﬁes and
sandstones, the Datil Formation. The sedimentary rocks of
the basal 684 feet of Winchester's section were 1ateff
separated by Wilpolt and others (1946) and named the Baca
Formation, S
:Mining activity was reported as early as 1919 iﬁ‘the
North Magdalena district (Pueblo Springs) (Weed, 1920).
Weed (1922) noted that the Copper Belt Silver and‘Co?per
Mining Company, which owned 1% claims on the east slépe of
Silver Hill, did a small amount of assessment work cénsisting
primarily of open cuts and shafts. Two holes were dfilled
in 1925 to depths of 820 to 1042 feet (Neale, 1926). -Both
holes bottomed out in igneous rocks. Iasky (1932) also
reviewed these claims and added that the prospects were
aligned along a series of northwest-trending quartz-yéins
which cut the predominantly andesitic and quartz latitic

country rock. The mineralization, whi:" included
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argentite, chalcocite, covellite, chrysocolla and malachite,

occurred as small pockets and shoots in the veina aﬁd was
structurally controlled by faults and fractures. Some gold
was also reported (Neale, 1926), In some concluding
remarks, Lasky (193%2) postulated a hidden magmatic'apurce
for the copper and silver mineralization possibly-re}ated
to the intrusives in the Kelly area. The last repor%ed
activity on the property was in 1927 (Howard, 1967, b. 201),
although numerous small-scale explofatory operations;have
been carried out since then. -

Loughlin and Koschmann (1942) studied the Kelly area
in detail and published a comprehensive ProfessionaliPaper.
They noted that several Tertiary volcanic units present in
the Magdalena district extended to areas north and wéét
outside the district, A geologic summary of the Magdalena
mlnlng district and discussion of the genesis of the,
Linchburg orebody, located in the southern portlon of the
district, were publishead by Titley (1959, 1961). Johnson
(1955) attempted to correlate several Tertiary volcanlc
units in the Magdalena district w1th those that crop ‘out
in the Datil and Bear Mountains. On his geologlc map, the
rocks of the eastern half of the Silver Hill area were
shown as Miocene upper latite.

Detailed stratigraphic work on the Datil Formatlon was
conducted by Tonking (1957) in the Bear Mountalns. He
subdivided the formation into a basal Spears Ranch Me@ber,

a middle Hells Mesa Member, and an upper La Jara Peakj:



Member. The La Jara Peak Member was later reassigned to a

series of post-Datil andesites and basalts by Willard
(1959) and Veber (1963). In the Silver Hill area, tﬁese
two investigators mlutakenly correlated the La Jara Peak
Member with a "lower volcanic group" of Late Cretdceous-
early Tertiary age. Weber (1971) elevated the Datil’
Formation to group status and noted that further_ﬁapﬁing
would probably necessitate raising the subdivisions to
formational rank. -
Weber and Bassett (1963) published a preliminary

report on several K-Ar dates of Terfiary volcanié and:
intrusive rocks in west-central New lMexico. One samble,
near the base of the Hells Mesa Memﬁer, was dated aﬂ_

30.6 £ 1.2 m.y. Kottlowski, Weber and Willard (1969)
dated a number of Datil and post-Datil volcanic rockﬁ
'1ncluding the Hells Mesa and Spears Ranch Members. ;Chapin
(1971a) dated the La Jara Peak Andesite and dlscussed its
gignificance to mineral exploration., Fission track dates
for the Potato Canyon Rhyolite and a vitrophyre w1th1n the
HA—L Peak Formation were determined by Smith and others
(1973). .
Elaton and others (1968, 1970) have attempted, to fit

the Datil volcanic rocks into an overall volcanic-téctonic

framework related to the development of the MogoiloﬁAPlateau

as a large-scale, ring-dike complex. They noted'in:one of
their figures several source cauldrons for the volcanic

rocks. In the San Mateo Mountains, Deal and Rhodes}(l973)



have established two additional ash-flow cauldrons., One of

these, the Mt. Withington cauldron, is believed tb be the
source for the ash flows within the A-L Peak Forméfion.

In another article, Elston and others (l973)fhave
interpreted the volcanic rocks of the Datil Formaiioh or
Group as consisting of 3 major volcanic episodes &ith the
end of the last episode coincident with the béginhing of
Basin and Range faulting about 20 million yea:é agé. The
development of the Rio Grande rift and its influeﬁce on
structural trends in the Magdalena and Bear Mountéiﬂs was
discussed by Chapin (1971b). A relationship bétwéen Basin
and Range faulting, nid-Tertiary volcanism and pléte
tectonics was postulated by Elston (1972). ‘

Most recently, a number of theses and diséerﬁations
have discussed in detail specific areas around"thé_Magdalena
district. Brown (1972) completed an investigaﬁion:of the
southern Bear Mountains. Part of the area he mapped lies
directly north of the Silver Hill area and some of{the
structure and volcanic units present in the soufhefn Bear
Mountains extend into the Silver Hill area. Woodw&rd
(1973) mapped the Lemitar Mountains and described %heir
stratigraphic and structural relationships to the ﬁio Grande
rift. The origin of the Popotosa Formation was.thé subject
of a dissertation by Bruning (1973). Investigations of the
central Magdalena Mountains, the Cat Mountain-TresﬁMontosas

area and the Council Rock district are being co@pléted by

Krewedl (in preparation), Wilkinson (in preparation) and



Chamberlin {(in preparation). Blakestad (in piepération) is
remapping the Kelly district and Siemers (in preparation)
is investigating the Paleogoic stratigraphy of the

Magdalena area,

Present Investigation

The study of the Silver Hill area began Wifh.detailed
geologic mapping which was carried but during'thé summner
and fall of 1972 and sporadically through the wiﬁter, spring
and swmmer of 1973. The Arroyo lLandavaso and SiiVer Hill
7.5~minute topographic quadrangles (scale 1:24000) served
as base maps for field work, Aerial photographsfdf the
GS-VARJ (196%) series were used to locate outcroﬁs and to
aid in structural interpretation. v .

Petrographic work consisted of examiningv49ithin
sections from different rock uniis mapped in fhe;thesis area.
The LL & E diamond-drill hole located on the south slope of
Silver Hill (pl. 1) was logged by the author énder. C.E.
Chapin; 21 thin sections were made and studied f#om
representative samples. TFor comparison, sevefal?thin
sections of core from the Crouch drill hole ($ec; 7, T. 2 S.,
R. 4 W.) were also examined. In addition, altergtion
assemblages were checked in a suite of thin sections
collected from samples in a roadcut on U.S. Highway 60,
2.75 miles west of Magdalena, |

Modal analyses were performed by J.E. Bruniﬁg on 2
samples from the Hale Well pluton and 14 samples:from the

A-I, Peak Tormation obtained from the Crouch drili hole. 1In



addition, the author performed modal analyses on 12 samples

from many of the volcanic units as a check on estimate@
phenocryst and grouﬁdmass percentages. Approximately éCOO
points per thin section were obtained from a square‘gr;d
with l/S—millimetef intervals. All point counting was done
with a Swift automatic point counter attached to a‘Zeiés
microscope using a magnification of 3] 25. |

In July 1973%, a sample from the volcanic facies of the
unit of Arroyo Montosa was submitted to Geochron '

Laboratories, Inc, for radiometric dating.
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STRATIGRAPIY AND PETROLOGY

Pre-Tertiary Rocks

No rocks older than Tertiary are exposed within tﬂe
study area. However, about 4 miles to the east, on the
east side of Granite Mountain and north of U.S. Highwaj 60;' fy
outcrops of Precambrian and Paleozoic sedimentary rocks éfe ;f
shown on the geologic map accompanying Professional Paper
200 by Loughlin and Koschmann (1942), They show a '
Paleozoic section beginning with the Kelly Limestone of
Mississippian age and continuing through ﬁhe Sandia and
Madera Formations of Pemnsylvanian age. However, recent ‘
work indicates that most of this stratigraphic section is not
Pennsylvanian but Permian in age (W.T. Siemers, R.B. » ” ‘
Blakestad and C.E. Chapin, oral commun., 1973). A partial® :;
sequence of the Abo, Yeso (?), Glorieta and San Andres .
Formations is present with the Spears Formation of early
Oligocene age resting unconformably on San Andres Limestong,
‘South of U.S. Highway 60, in the Kelly mining district,.thé-
Spears rest on the Abo Pormation, West of the Silver Hilli
area and about 2 miles east of Tres Montosas, Wilkinson ‘<T.
(in preparation) shows a small area of Paleozoic Tocks
unconformably overlain by the Spears Formation. The
lithology of these rocks is similar to that of the Abo
Formation in the area east of Granite Mountain and the two
exposures have been tentatively correlated as Abo (W.T. :
Siemers, oral commun., 1973). Eight miles north of Silver?

Hill in the Puertecito quadrangle (Tonking, 1957), the




Spears rests on the Baca Formation of Eocene age which, in:

furn, overlies a thick Mesozoic section. Thus, the Silver :
Hill area is located on the north flank of a Laramide

" uplift which forms the southern edge of the Baca basin, -

Tertiary Rocks

The Terbtiary sequence in west-central New Mexico
consists of both sedimentary and volcanic rocks intruded
by numerous dikes and plutons of late Oligocene age. A
thick sequence of fanglomerate and playa deposits with
interbedded volcanic rocks (the Santa Fe Group) fills
block-faulted basihs of Miocene age. Pediment gravels of
late Pliocene and Quaternary age mark the end of the |
Tertiary Period.

The sedimentary and volcanic rocks are divided into
the Baca Formation (Bocene), the Datil volcanics (Oligocené),
the La Jara Peak Andesite (early Miocene) and the Santa Fe:‘
Group (Miocene~Pliocene). The Baca and Spears Formations
are not exposed within the thesis area. The Tertiary rdck}
units mapped in the Silver Hill area, with the exception of

intrusive bodies, are shown diagrammatically in fig. 2.

Hells Mesa Formation
The oldest rocks exposed in the Silver Hill area are
rhyolitic and quartz latitic ash-flow tuffs belonging to
the Hells Mesa Formation of mid-Oligocene age., Tonking
(1957) named the Hells Mesa for a locality of that name on_

the east edge of the Bear Mountains; he measured a type
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pediment gravels (late Pliocene-Quaternary)

MIOCENE

OLIGOCENE

Santa Fe
Group

fanglomerate of

PYopotosa Formation Dry Lake Canyon

Datil

volcanics

La Jara Peak Andesite

: volcanic facles
unit of
Arroyo Montosa

conglomerate facies

upper tuffs

andesite of Landaﬁaso Reservoir

turf of Allen Weil .

andesite flows

pumiceous member
A-I, Peak Formation

flow-banded member

tuff of La Jencla Creek

gray massive menmber’

Hells Mesa Formation

Filgure 2 - Generalized stratigraphic column of the Tertiary
rock units exposed in the Silver Hill area; iIntrusive rocks
Figure shows stratigraphic position only;
relative thicknesses not indicated.

excluded,
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gection and called the unit a member of the Datil‘Fofmation.
Since then, the Datil Formation has been elevated tozgroup
status and the Hells Mesa given formational rank.. Usingr
the terminology adopted by Brown (1972), the lells Mésa
Formation consisted.of the tuff of Goat Springs, ﬁhe;tﬁff of
Bear Springs, some interbedded andesite flows and the tuff
of Allen Well. Subsequent agreement among the varioﬁs‘
geologists mapping in the Magdalena area has restrictﬁd use
of the term Hells Mesa to the basal crystal-rich, Quagtz~
rich, ash-flow cooling unit of Tonking's type section; this
unit correlates with the tuff of Goat Springs of Brown
(1972). The overlying ash~flow units at Tonking'é type
section have been assigned to the A-I Peak Formation (Deal
and Rhodes, 1973; Chapin and others, in preparation);fthe
A-L Peak correlates with Brown's (1972) tuff of Bear Springs
and tuff of Allen Well. K-Ar dates on the Hells Mesa
Formation vary from 30.6 * 1.2 m.y. in Tonking's typei'
section to 32.4 % 1.5 m.y. in the Joyita Hills (Weber;)197l).

The only outcrops of Hells Mesa exposed in thé thésis
area occur in a group of hills bordering Arroyo Montosa in
the north-central portion of the map area (pl. l).- Tﬁe
outcrops form a thin band bounded on the west by aino;thu
trending normal fault and on the east by overlyingfash«flow
tuffs. To the south, the unit disappears beneath talﬁs
cones of the A-L Peak Formation and to the north it ié»
covered by recent alluvium along La Jencia Creek. |

Thé Hells Mesa forms small ledges and weathers to




massive blocky talus. The color varies from pale purple in
fresh hand specimens to very pale orange in altered hénd
specimens. Weathered surfaces have grayish tints. S
Characteristically, the unit is moderately to densely.
welded and contains approximately 40 to 50 percent cr&stals
and crystal fragments. Phenocrysts include sanidine,;
plagioclase, quartz and biotite. The average phenbcr;sf
size ranges from 2 to 3 millimeters put occasional quartz
"eyes" measure as much as 6 millimeters in diametér. '
Lithic fragments are abundant near the base; pumicé is
present but not conspicuous. | |
In thin section, the texture is porphyritic witﬁ a
devitrified groundmass crowded with small broken crysﬁal
fragments. Anhedral and subhedral sanidine crystalé?
dominate the total phenocryst content and show sligh{-to
moderate degrees of alteration to clay. Quartz is usually
rounded and embayed and comprises 10 to 15 volume peﬁcént of
the total rock. Plagioclase grains are often euhedral and
intensely altered to clays and calcite. Simple albite
twinning is common but combined carlsbad-albite twihﬁing
also occurs. The anorthite content of plagloclase was
determined using the Fouque” method on 5 crystals; tﬁe’
average composition is An38, or sodic andesine. When
present, yellow-brown biotite ranges from 1 to 2 peréent and
occurs as small laths, either partially or totally replaced
by magnetite and hematite. Lithic fragments reseﬁbling

dark gray andesites of the Spears Formation contain altered



Plagioclase phenccrysts and have an opaque,

hematized

groundmass, Pseudomorphs of limonite after pyrite were

observed within several fragments in 1 thin section,

A-L Peak Tormation

The A—L Peak Formation is a composite auhuflow sheet

(R.1. Smith, 1960) with widespread occurrence in southwestern

Socorro County., The formation was named after A-L Peak in

the northern San Mateo Mountains by Deal and Rhodeu (19732).
They described the formation as a sequence of crystal—poor

ash~flow tuffs unconformably overlying the Hells -Mesa

Formation with a total thickness of 1970 to 2300ffeet, (600

to 700 meters).
Smith and others, 1973) obtained from the basal-iitrophyre
of A-L Peak Formation is in good agreement with the 30.6
to 32.4 m.y. K-Ar dates on the underlying Hells Mesa
Formation.

The Mt, Wlthxngton cauldron in the northern San Mateo
Mountains isg suggested as the source of the A-L Peak ash
flows by Deal and Rhodes (1973). In the thesis area, two
north~-south flow trends

A-L Peak tuffs indicate a direction consistent with the

determined from lineated pﬁmice in

location of the cauldron (pl. 1).

Outward from the San Mateo Mountains, the A-L Peak

Formation is thinner, and andesite flows and crystal-rlch

ash flows are interstratified, In the southern Bear

Mountains, the A-I Peak Formation,

of Bear Springs (Brown, 1372), attains a thickness’ of

A 31.8 £ 1.7 m.y. fission track date (&.I.,

formerly called the tuff



approximately 1000 feet and was subdivided by Brown into 6

members. Woodward (1973) recognizes 8 members in the
Lemitar Mountains, 15 miles east of Magdalena, where- the
unit has a maximum thickness approaching 1400 feet.}

In the Silver Hill area, the A-L Peak Formatioﬁ is
divided into 6 members which are, in ascending ofde%, the:
1) gray massive member, 2) tuff of La Jencia Creék,{f) flow—
banded member, 4) pumiceous member, 5) interbedded éndesite
flow, and 6) tuff of Allen Well. An undifferentiatéq unit
is mapped when a clear distinction between the gfayimassive
member and the flow-banded member cannot be made. - This unit
is shown only on the geologic map and is not deécriﬁéd in
the text. Thickness of the A-L Peak Formation invthe thesis
area is difficult to determine accurately because'ofAfaults
and limited exposures; a reasonable estimate is-700;t0 900

feet.

Gray Massive Member., The lowest member of the A~-L

Peak Formation in the Silver Hill area is a massive,
erystal~poor, rhyolitic ash-flow tuff. Basal andesite flows
qbserved in surrouhding areas (Brown, 1972; Woodwar@, 1973%;
KXrewedl, in preparation; Chapin and -others, in pfepération)
are not present. . |

The gray massive member crops out sporadically?on
ridges and small hills in the eastern and western portions
of the map area. Upper sections of the member Qerelalso
encountered in the Crouch and LL & E diamond-drill holes

(see pl. 1). The member is a multiple-flow comﬁouﬁd cooling



unit and the individual flows form small 1edges'ori moxre
typically, weathered, platy outcrops which comprise the
dip slopes of ridgeé. Usually, the tuff is 1igﬁt gray but
ldensely welded portlons are darker and slightly reddlsh—
browvn. Altered outcroPS have orange-pink to very pale
yellow hues, ‘

The unit is characterized in both hand specimén and
thin section by a distinct paucity of crystals. Phenocrysts
rarely exceed 10 percent of the total volume of-the rock and
commonly are less than 8 percent. Sharply euhedral'sanidine
is the most abundant constituent, but quartsz, biotite and
occasionally plagioclase also occur. Andesitic and.rhyolitic}
lithic fragments are observed in portions of thé uﬁit.

Microscopically, sanidine occurs as subhedfal‘to
evhedral crystals, commonly twinned and ranging in size from
L to 2 millimeters. Sanidine content varies betweeh.B and
9 percent of the total rock volume.  The crystals are often

“a dusty brown color in plane light due to submicros;opic
clay particles. Microperthitic texture is frequently
observed, . In thin sections of altered tuff, sanidine has
been largely destroyed leaving only an occasional patch of
the original mineral along the edges of the cavity.;

Anhedral quartz crystals less than 1 millimeter. in
diameter are present in most samples, A few grains‘show
slight embayment and holes filled with groundmass ciystallites.
Quartz generally makes up less than 2 percent of th§ total

volume of the rock. The small size of the quartz crystals



o

helps to distinguish the A-L Peak tuffs from the overlying

upper tuffs.

Biotite occurs in many of the thin sections as reddish
euhedral laths rimmed by opaques. In samples from theﬁ
Crouch drill hole, the biotite is brownish and esschtially
unaltered, but a few laths are slightly hematized along
cleavage traces and fractures.

Plagiociase is rare, bul when present, it is freqﬁently
altered to calcite or partially etched. The compositibn of
the plagioclase could not be determined.

Flattened pumice and crystal-rich clotis are quite
abundant in some thin sections, ranging to as much as 20
percent of the rock volume. Dark gray andesitic 1ithié_
fragments with microlites of plagioclase in an opaque
groundmass are common, but these fragments are generally
subofdinate in amount to pumice and clots.

Devitrified glass shards and cryptocrystalline'to;
microcrystalline aggregates of potash feldspar and‘quaftz
usually comprise a large majority of the groundmass. ihe
glass shards are more conspicuous in some thin secfioné than
in others and are frequently compressed and deformed.
Locally, gas pockets filled with euhedral crystals-of‘botash
feldspar, quartz and occasionally biotite can be seen.:
Interstitial calcite and brownish dust constitute the ﬂ

remainder of the groundmass.

Tuff of La Jencia Creek., Welded to the gray méssive

member is a crystal-rich ash-flow tuff designated the tuff
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of La Jencia Creek (Brown, 1972). The exact position of
this tuff within the lower part of the A-L Peak Forﬁation

is not known. In the southern Bear Mountains, the ﬁﬁff of

La Jencia Creek is misging and the gray massive mem@er is
overlain by the flow-banded member (Brown, 1972). A;similar _:
-; sequehce waz observed by Woodward (1973) in the Lemitar

‘4 Mountains. Where the tuff of La Jencia Creek cropsiout in

the thesis area, no overlying units can be seen. The two

:g most likely alternatives are: 1) that the tuff occurs
interbedded within the gray massive member, or 2) tﬁat the

tuff lies between the gray massive member and the flow-

doubtful this problem can be resolved. Therefore, the tuff
of La Jencia Creek has been arbitrarily assigned a pésition
| between the gray massive member and flow-banded members.
fa The tuff of La Jencia Creek usually crops out as

| discontinuous ledges which weather to platy slabs and
occasionally form dip slopes of small hills, In some

|
|
!
i
|
1
1
1
|
!
banded member. With the information available, it is B
!
1
1
1
24, T, 2 S., R. 5 W., the welded contact with the gray |
massive member can be seen. At the contact, a pﬁmiéeous and
relatively crystal-poor zone at the top of the grayfmassive
member grades into less pumiceous crystal—rich,rock:of the
tuff of La Jencia Creek. Total thickness of this tfansition 1
ranges from 2 to 4 feet. Fresh hand specimens from both i
zones are typically densely welded and have a reddiéhupurple

color. Weathered samples are pale yellow-brown to light




brownish~gray. Data from modal analyses on the upper
portion of the gray massive member, the welded contact, the
transition zone, and typical tuff of lLa Jencia Creek are
listed in table 1 and shown in fig. 3. A photograph of the
welded contact is shown in fig. 4.

. In thin section, the tuff of La Jencia Creek ié a
porphyritic quartz latite with phenocrysts of sanidine,
plagioclase, quartz and biotite in a devitrified, aphanitic
groundmass. Crystal content generally ranges from 35 to 40
percent in the crystal-rich zone to 25 percent in the
transition zone. Otherwise, the two zones are mineralogically
identical. Typically, sanidine is more abundant than
plagicclase, and accessory magnetite and orthopyroxene are
present in many of the thin sections.

Sanidine crystals are generally anhedral and subhedral,
and average from 1 to 2 millimeters in length, Most grains
appear to be quite fresh with only minor incipient calcite
along fractures., Twinning in sanidine is uncommon,
Plagioclase is usually larger than sanidine and occurs
primarily as subhedral crystals. The degree of alteration
varies from moderate to intense and frequently the entire
crystal is replaced by calcite and fine-grained aggregates
of quartz. Phenocrysts of angular quartz, occasionally
subrounded, range up to 3 millimeters in diameter, with the
average being 1.5 to 2 millimeters. Scattered laths of
fresh and slightly altered, yellow-brown biotite aiso occur.

Very fine-grained magnetite is often present as borders
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Depth Sample

' unconformily
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"-74-5
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704" -M-74-7
Tuff
of
La LM-74-8
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749’
Creek
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784'-
M-74-10-1
M-74-11
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Total Sonidine Plogicclase Quartz Pumice

Phenocrysts

Figure 3 - Modal data on the tuff of La Jencia Creek and
the upper part of the gray massive member from the Crouch
drill hole showing mineralogical variations. Point-count
grid measured 0.5 X 0.5 millimeter, Modal data are in
volume percent taken from table 1. .
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Figure 4 -~ Section of core from the’ Crouch drill hole

(Sec, 7, T. 2 S., R. 4 W.) showing welded contact (dashed
line) between gray massive member of the A-L Peak Formation
(right core and lower two-thirds of middle core) and the
overlying tuff of La Jencia Creek (left core and top one-
third of middle core). Note pumiceous zone (p) near top of
gray massive member; this zone grades downward into crystal=-

poor, .pumice-poor tuff which is typical of the gray massive
member, . .

-



around biotite.

Pumice is abundant and highly compressed towards the
basal contact of the tuff., Andesitic lithic fragmeﬁts as
much as 1 centimeter in diameter and moderately éltéréd
occur in a large majority of the thin sectiqns. Thé 5
groundmass 1s usually devitrified, Compaction struéfures
can be‘seen, although they are generally less well-developed
than in other members of the A-L Peak Formation.. :

A true thickness of the tuff of Ia Jencia Creek cannot
be determined from surface exposures. Partial thickﬁesses
range from 5 feet to approximately 80 feet (cross—sécﬁion
¢-C', pl. 1). However, in the Crouch drill hole (see pl. 1),
a 206-foot gection of the nearly flat~lying tuff waé-
observed. The upper contact is a major erosional‘unﬁonformity
at the base of the La Jara Peak Andesite; a thin laier of
_ sandstone is present at the contact and the underlying tuff
is weathered to a depth of about 6 feet. | |

Exposures of the tuff of La Jencia Creek occurvélong
a crudely developed, northeast-trending belt which't}énsects
the central portion of the thesis area (see pl. l).i’The
belt is  approximately 2 miles wide and discontinuous;*being
partially obscured by La Jara Peak Andesite. To the
southwest, the belt is truncated by the northntréndihg Hale
Well fault (pl. 1 and fig. 11, p. 68). However, outbrops
of the tuff of ILa Jencia Creek continue outside thé ﬁap
area to the northeast (C.E. Chapin, oral commun., 1973).

The limited geographic distribution‘of the tuff ofjﬁa Jencia

Creek suggests that the tuff was deposited in a palebvalley~
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which is interpreted to be fault-controlled but may%ﬁe
entirely a result of differential erosion. Other e#amples
of a paleovalley during A-~L Peak time are located in the
Temitar Mountains (Woodward, 1973), and in a northwést
extension of Stendel Ridge in the Kelly district (RJB.
Blakestad, oral commun., 1973). The Stendel Ridge ‘
paleovalley was iau1t~oontrolled whereas the paleovalley in

the Lemitar Mountains formed by erosion,

Flow-banded Member., The flow-banded member 6f'fhe A-T

Peak Formation is a densely welded, crystal-poor, ash-flow
tuff with a conspicuous streaky and banded appearanéé

(fig. 5). A similar unit is recognized in sevefal,idcalities
in the Magdalena area and in the Lemitar Mountains;: Mappable .
outcrops of the flow~banded member in the thesis aréé are
limited to a narrow ridge bbrdering Arroyo LandaVasévnorth
of Landavaso Reservoir. Outcrops of a platy, denseiy
welded tuff along La Jencia Creek (sec. 6, T, 2‘S.,~R; 4 V.)
may also belong to the flow-banded member but are shown as

A-T, Peak undifferentiated on pl. 1. A flow-banded ﬁuff also

occurs near the bottom of the LL & E drill hole 1océted on
thelsouthwest slope of Silver Hill (pl. 1).

A measured section in the southern Bear Mountéins
(Brown, 1972) shows the flow—banded member overl&ing.and
welded to the gray massive member. Poor exposures bbscure
this relationship in the Silver Hill area. -

The best surface exposure of the flow~bahded tuff in

the map area is seen in a large roadcut on U.S. Highway 60,




%,75 miles west of Magdalena, At the western end of the
roadcut, the tuff is massive and relatively fresh (fig. 5)s
whereas to the east, it is altered and severely fraétured
(see fig. 15, p. 82). Limonite and occasilonally ep;dote

are found on fracture surfaces in the eastern seCtian of the
roadcut. The tuff, where fresh, is light purplish—gray and
contains a few feldspar crystals, lithic fragmenfs and
elongate, dark, lenticular streaks. These streaks may
represent low pressure areas formed during flowage élong
which volatiles accumulated.

Petrographically, the flow-banded member vafieé from
rhyolite to latite with phenocrysts of sanidine,jplagioclase
and quartz in a cryptocrystalline groundmass. The '
‘phenocryst content is variable and ranges from 1 to 6
volume percent., Compressed pumice and crystal clots
constitute 20 to 30 volume peréent. Andesitic iithié
fragments are present in minor amounts and typically contain
altered, euhedral, plagioclase laths in an opaque m;trix;
lithic fragments of light-colored intrusive rock aré also
present. -

© Sanidine, commonly microperthitic, occurs'as sﬁbhedral
to euhedral crystals which average less than 1 millimeter
in diameter. DPlagioclase is occasionally present iﬁ minor
amounts and shows a variety of twinning and alteration.
Scarce quartz crystals are anhedral and occasionally“
slightly embayed., The groundmass is composed primarily of

microcrystalline quartz and potash feldspar withildcally



Figure 5 -~ Flow-banding developed in the flow-banded-

member of the A-~L Peak Formation exposed in large roadcut
on U.S. Highway 60, Note that the streaks bend around

two lithic fragments in upper left corner of the
photograph,

\



conspicuous devitrified glass shards. Small amounts of

calcite and submicroscopic material which méy be finely

- divided dust occur interstitially.

Pumiceous Member. The pumiceous member of the A~L

Peak Formation is a densely welded, crystal-poor, ash-flow f

tuff equivalent to the upper tuff of Bear Springs. in the
southern Bear Mountains (Brown, 1972). Outcrcbs of the
pumiceous member occur primarily near Allen Well which is

located in the northwest corner of the thesis area.

Additional outcrops are present 2 miles south of Allen Well .

in sec. 12, T, 2 S., R. 5 W. In the Bear Mountaiﬁs, the

pumiceous member is separated from the flow-banded member
by andesite flows but these flows are not observeg'in the
study area. The upper contact of the pumiceous m%mber is

Arregular, and apparently represents a paleoerosion surface

with a gently rolling topography. Andesite flows_and the tuff

of Allen Well can be seen in depositional contact with the
pumiceous member in outcrops along the lower reaches of
Council Rock Arroyo (sec. 1, T, 2 S., R. 5 W.). A thickness
of 280 feet has been measured for the member in the
southern Bear Mountains (Brown, 1972). Poor exposures
prevent an accurate measurement in the Silver Hill areas
thickness determined by Brown (1972) was used in cross—
sections A-A' and B~-B' (pl. 1). |

The unit crops out as ledges and small cliffs which
weather to a grus of small platy fragments, Fresh samples

are purplish-gray and contain abundant lineated pumice and



a few phenoccrysts of feldspar. On weathered surfaces,

the pumice is frequently etched. Altered samples are
usually yellowish-brown; intensely bleached samples are
white, When pumice and phenocrysts are obliterated by
bleaching, the tuff can be confused w1th caliche capping
nearby pediment gravels. Bleached samples characteristically
show hematite staining fractures and cubic outlines Sf
pyrite pseudomorphs with a halo of limonite,
Microscopically, the pumiceous member is rhyoliﬁic in
composition., Thin sections of fresh samples have a
porphyritic texture with a cryptocrystalline to
microcrystalline groundmass. Phenocrysts of sanidine,
varying in size from 0.5 to 2 millimeters, constitute less
than 3 percent of the total rock volume. Flattened p;mice
and crystal clots are abundant and constitute as much-as 25
volume percent in some +thin sections., The groundmass'is
composed primarily of potash feldspar, quartz and devitrified
glass shards. In thin sections of altered tuff, remnants
of sanidine are intensely altered to clay and average 'l
millimeter in length; pumice and crystal clots are obécured,
and coarse-grained intergrowths of potash feldspar and
quartz compose the groundmass. Limonite pseudomorphs after
pyrite are moderately abundant. Near silicified portions of
the tuff, potash feldspar in the groundmass frequently occurs
as radiating, fibrous crystals which may represent
recrystallization., In addition, sanidine contains spe@ks

which have high birefringence, high relief and paréllel



extinction. These specks are thought to be sericite;

Andegite Flows., Thin andesite flows and volcaniclastic

sandstones of andesitic composition occur near Al;en?Well.
These andesites occupy a cooling break between ash flows of
the pumiceous member and the tuff of Allen Well.' The
andesites are absent elsewhere in the thesis area; 'The
andesite flows occur as discontinuéus outcrops indiéating
that the flows filled topographic lows developed in_fhe
underlying pumiceous member,

The andesites are typically poorly exposed althbugh

good exposures occur along Dry Lake Canyon (sec. 36,:T. 1 S.,

R. 5 W., unsurveyed). Oulcrops show varying degrées of
alteration and consequently form either depressiohs’ﬁetween
more resistant tuffs or small rounded ledges. Thin basal
flow breccias are present locally. Hand specimens are
medium gray on fresh surfaces and reddish- to yellowish-
brown when altered.

Microscopically, the andesites contain scattered
phenocrysts of oxidized pyroxene about 0.5 millimetef long
in“a felty groundmass of plagioclase microlites. Thé
centers of the pyroxene are totally altered to calciie and
a fibfous variety of chlorite, possibly pennine. ;Opaque
iron oxides form the perimeter. Plagioclase microli#es
about 0.2 millimeter long are frequently twinned éndfshow a
range in composition from Angg to Angy. Most of the“
plagioclase is moderately altered to calcite.

Thin layers of volcaniclastic sandstone occur
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randomly near the top of the andesite flows., In hénd
specimen, the sandstones are fine- *o medium-gfaiﬁed with
colors similar to those of the andesites. Microscdpically,
the sandstones consist primarily of quartz and feldépar
with a finengrained cement of granulaf chert and:ééicite.
Epidote and a zeolite occur in small amounts. ‘

The andesite flows exhibit effects of weak
argillization which can be seen in outecrops along Dry Lake
Canyon as irregular discolored patches thought tﬁ have
formed from channelized solutions (C.E. Chapin, orai commun, ,
1973) (fig. 6). In places, these solutions appear to have
favored the more permeable sandstone layers, but.probably

are controlled by fractures which transect both the andesites °

and the sandstones.

Tuff of Allen Well. The uppermost member of the A-L

Peak Formation is a crystal-rich ash-flow tuff naméd'fhe
tuff of Allen Well by Brown (1972). The member is exposed
in the northwest corner of the thesis area and in 3 small
outcrops 2 miles south of Allen Well (sec. 12, T. 2 S.,

R, 5 W.). '

The tuff of Allen Well crops out as cliffs gndzledges
and weathers to blocky talus similar to the Hells Mésa
Formation which it strongly resembles, Excellent e#pbsures
occur within Council Rock Arroyo and along the nofth'bank of
Dry Lake Canyon at the northern boundary of the thésés area,
An accurate thickness of the tuff cannot be obtained

because the top of the unit is not exposed. A partiél
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Figure 6 - Outcrop of partially altered andesite néar Allen
Well. Tan areas are bleached and exhibi- 1111

alteration; gray areas are rela
Channeling of solutions alon
the contrasting alteration effects,
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thickness of about 100 feet is indicated on cross—section
A-A' (pl. 1), although the tuff is usually about 60" to 70
feet thick. ll

In hand specimen, the tuff of Allen Well closely
resembles tuffs of~the Hells Mesa Formation but the;f“
groundmass of Hells Mesa tuffs are more crowded with small
crystal fragments, The tuff of La Jencia Creek is dlso
similar to the tuff of Allen Well. Both of thesé tuffs
contain more biotite‘and are slightly less crystél—fich
than Hells Mesa tuffs. Distinction between these three
units is not easily made except where stratigraphic’
relationships can be seen. Fresh hand specimens‘aré:pale
purple to purplish-gray and weather pale Vbrown, Sé@ples of
altered tuff are typically mottled brownish-yellow.
Phenocrysts are more conspicuous in fresh sampleé than in
altered samples and consist of sanidine, plagiociasé,
quartz and biotite. The latter two minerals increase
slightly in abundance from the base to the top of the unit,

Microscopically, the tuff of Allen Well is a B
cryptocrystalline quartz latite with a porphyritic texture.
Sanidine is the most abundant phenocryst and comﬁrises from
15 to 20 volume percent of the rock; it occurs és anhedral
and subhedral crystal fragments with an average size of 1
miliimeter. Minor amounts of clay and sericiticjalferation
can be seen in most grains with clay alteration the more
abundant. Intensely altered crystals appear as éavities

partially rimmed with remnants of original sanidine.



Plagioclase, less abundant and smaller than sauidine,
usually occurs as subhedral crystals, Size of the
plagioclase crystals is quite variable, averaglng less than
1 millimeter in some thin sections to about 2 mlllrmeters

in others. Calcrbe and clay alteration are commonfand, in
one thin section of altered tuff, the plagioclase ﬁas been
partially corroded in the center. Quartz occurs as anhedral
and subhedral crystals which are often rounded and partially
resorbed. The crystals Tange in size from less than 1
millimeter to 5 millimeters in diameter with an avérage of
about 2 millimeters. Total volume varies between 3 and 10
percent, Yellow-brown biotite is common and occurs as
euhedral laths which average about 1 millimeter in length
but may be as large as 3 millimeters In thin sections of
altered tuff, biotite has a ragged appearance w1th occa31onal
inclusions of rutile. A fine-grained mixture of . sericite and
limonite often surrounds these grains., A devitrified
groundmass constltutes 60 to 65 percent of the total volume
of the rock., ILimonite Pseudomorphs after pyrlte, and patches

and bands of iron oxide are locally abundant,

Andesite of Landavaso .Reservoir
The andesite of Landavaso Reservoir, named for ~
Landavaso Reservoir (C.E. Chapin, oral commun., 1972) .in
the southwestern part of the Silver Hill area, is-a highly
variable series of porphyritic andesite flows. The éudesite,
is correlative with several units mapped and describéd by

Loughlin and Koschmann (1942) in the southwestern'portion of




the Magdalena mining district., In the Lemitar Mountains,

Woodward (1973) recognizes a similar andesite which he maps
-as the basal unit of the Potato Canyon Formation. éhe
andesite of Landavaso Reservoir is also observed in_the Cat
Mountain~Tres Montosas area (Wilkinson, in preparation).

In the thesis area, outcrops of the andesite of
Landavaso Reservoir occur predominantly south of:U.S.
Highway 60 (pl. 1). To the north, scattered outcrops
border the western margin of the thesis area from the
southern boundary of sec. 25, T, 2 Sey Re 5 W. to Hill "7048"
approximately 2 miles to the north (pl. 1). Near Landavaso
Reservoir, the andesite overlies the flow-banded member of
the A-L Peak Formation and is overlain by ‘the upper‘tuffs.
Maximum thickness indicated on cross~section D-D! (ﬁl. 1) is
800 feet. Woodward (1973) records a similar thicknéss in
the Lemitar Mountains where a correlative andesite occupies
a paleovalley, outside the paleovalley, the ande81te is only
about 20 feet thick. The andesite of Tandavaso Reserv01r
has not been dated radiometrically but lies between units
dated at 31.8 * 1.7 m.y (A-L Peak) and 30.3 % 1.6 m. y.
(Potato. Canyon) by the fission track method (Smith and
others, 1973). _

Where well exposed, the andesite of Landavaso Reservoir
formé hills with ledges and small cliffs which weather to
slopes of bldcky talus. DPoor exposures are partiall&
covered by pediment gravels angd usually can be found only

with the use of aerial photographs.



The andesite of Landavaso Reservoir is composed of a

number of individuwal flows which are highly vafiable in
compésition and appearance. Thickness and aerial:extent
of the flows cannot be determined because of limited and
discontinuous outcfops. Basal flow breccias aie.quite

commnon, A dense, black vitrophyre with a zone of .

alternating dark and light bands, ranging from 1 millimeter .

to 2 centimeters in width, occurs on Hill "6924" in the
extreme southeastern corner of the thesis area, Samples
from massive portions of flows vary considerabiy in color,
Fresh surfaces are commonly shades of reddish-gray or gray
and weather light brownish-gray. Near faults, colors
frequently become black or dark brown., Irreguiar bands of
hematite staining are a common feature of most outcrops.
Microscopically, the texture of the andesite is
porphyritic with phenocrysts arranged in a felty to
pilotaxitic groundmass. Phenocrysts usually cémprise from
15 to 40 percent of the total rock volume and consist of
plagioclase, pyroxene, biotite and hornblende. Plagioclase
phenocrysts occur in all thin sections of the andesite and
comprise from 10 to 30 volume percent of the rock.
Plagioclase is commonly euhedral and ranges in-length from
less than 1 millimeter to 6 millimeters.l Zoning with more
calcic cores is frequently observed and is quite pronounced
in untwinned crystals. Alteration is present in varying
degrees but a large number of the phenocrysts are fresh.

Calcite and clay are typical alteration products and occupy
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cracks and transverse. fractures through the phenerysts.
Chloritic alteration is rare. The composition of %he
plagioclase was measured by the Eouque’ method pn'séveral
unaltered crystals in each thin section., The anorthite

content ranged from Angy to An54 with most occurrihg in the

An47 to Angg range,

Pale green plinopyroxene occurs in a majoritytbf the
thin sections and is usually subordinate in amount to
plagioclase. The crystals, occasionally glomeropofphyritic,
vary from subhedral to euhedral and average from 1l<to 1.5
millimeters in greatest dimension. Measurementé oi '
extinction angles (zac) range from %6 to 44 degrees with

optic angles (2V) of 40 to 50 degrees. These figures are

compatible with those of augite, subcalcic augite or ferroan: -

augite (Heinrich, 1965, p. 218). Alteration products
consist primarily of calcite and hematite with minoi‘amounts
of chlorite and magnetite. Light brown hornblende and
vermicular celadonite (Loughlin and Koschmann, 1942) are
seen in 2 thin sections (fig. 7).

Biotite occurs in fewer thin sections than pyroxene
and constitutes from 2 to 5 volume percent of the réck. The
laths average from 1 to 2 millimeters in length. Mést
crystals are intensely altered to chlorite and mégnétite
but fresh yellow-brown biotite, frequently with inclusions
of rutile (sagenitic), is occasionally seen.,

Hornblende phenocrysts are rare, qccurring in 6nly 1

thin section, The pPhenocrysts are euhedral and range from



Figure 7 - Photomicrograph of clinopyroxene phenocryst in
~the andesite of Landavaso Reservoir showin alteration to
vermicular celadonite (center of crystal) X-nicols,.x80
magnification). o
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2 to 8 millimeters in.length., All crystals aré completely
altered to chlorite and calcite in the core and rimmed by
fine-grained magnetite., A few specks of biotite épcur
inside some grains. |

The groundmass is composed primarily of plagiéclase
microlites with interstitial pyroxene and magnéti£e.

Cryptocrystalline and glassy groundmasses occur less

frequently, A fine dust of hematite is present in most thin“

- sections,

From the petrographic data, it is possiblé td divide
the andesite of Landavaéo Reservoir into 4 different types
of flows based upon the major phenocrysts: l)_plagioclase—
pyroxene, 2) plagioclase-biotite, 3) plagioclase-pyroxene-—

biotite, and 4) plagioclase-hornblende. The series is

listed in order of decreasing abundance. Because exposures

are limited,it could not be determined where these flows lie

in relation to one another in the thesis area.

Upper Tuffs .
The upper tuffs (C.E. Chapin, oral commun., 1972)
is an informal name proposed for a series of variable
cryétal;rich and crystal-poor ash-flow tuffs overl&ing the
andesite of Landavaso Reservoir. These tuffs may be

correlative to the Potato Canyon Rhyolite described.by

Deal and Rhodes (1973) which overlies the A-L Peak Formation

in the northern San Mateo Mountains. However, some outcrops

of upper tuffs in the Silver Hill area have noticeably less

crystals than most crystal-poor tuffis of the Potato Canyon



Rhyolite. These outcrops may be equivalent to the5Beartrap
Canyon Formation (Deal and Rhodes, 1973%) which overliés the
Potato Canyon Rhyolite and fills the moat of the Mf. -
Withington cauldron. An exact stratigraphic correlation of
the upper tuffs to either the Potato Canyon Rhyolifé df the
Beartrap Canyon Formation is mnot possible at this fimé

owing to discontinuous exposures and ambiguous strétigraphic
relationships. Andesites, similar in stratigraphic pésition
to the andesite of Landavaso Reservoir, are overlain by
lithologically variable tuffs in the Lemitar Mountains .

(Woodward, 1973). Woodward correlates these units with the

andesite of Landavaso Reservoir and the Potato Canjonthyolite, ”

respectively. Woodward also recognizes a distinctivéi.
crystal-poor tuff within the Potato Canyon Rhyolité which may
be similar to the distinctivé crystal-poor tuff within the
‘upper tuffs in the Silver Hill area. Rocks similar té upper
tuffs are also observed in several other localities in the
Magdalena area including the Cat Mountain-Grey Hill area
(Wilkinson, in preparation) and the Magdalena Mountaiﬁs
(Krewedl, in preparation; R.B. Blakestad, oral comﬁun;, 1973).
The upper tuffs have a minimum thickness of appréximately
600 feet, as estimated from cross-section D-D' (pl, 1).
However, maximum thickness may be much greater. Thickness
of the Potato Canyon Rhyolite in the northern San Matéo
Mountains is approximately 3280 to 5575 feet (lOOO-toll7OO
meters) (Deal and Rhodes, 1973). The Beartrap Canyon:

Formation attains a thickness of 820 feet (250 meters) near



the same locality (Deal and Rhodes, 1973).

The upper tuffs in the Silver Hill area haﬁe_ﬁot been
dated radiometrically. However, a sample from 200 feet
above the base of the Potato Canyon Rhyolite in the type
locality yielded a fission track date of 30.3 £ 1.6 m.y.
(Smith and others, 1973).

The upper tuffs are best exposed in the southwestern
part of the thesis area. They form resistant 1edges and
cliffs and weather to blocks bounded by joint surfaces.

Dip slopes are usually comprised of small angular Iragments.
The tuffs vary from erystal-rich west of Arroyo Landavaso

to crystal-poor east of Arroyo Landavaso where they overlie
the andesite of Landavaso Reservoir. The orysfal%rich
varieties are light gray to light brownish—gray on fresh
surfaces and weather pinkish~tan or light graylsh—purple.
Samples are typically densely welded and contain phenoorysts
of colorless and smoky quartz, chatoyant sanidine (moonstone),
plagioclase and copper—colored blotite. Sanldlne is
usually the most abundant phenoeryst but some varletles
contain as much as 15 percent quartz. The crystal—poor
tuffs can be divided into a basal unit and an upper unit.
The basal unit directly overlies the andesite of iandavaso
Reservoir and attains a thickness of about 250;feet. Tuffs
in this unit are poorly welded, grayish-white to light
purple, and are characterized by abundant, botryoidal
pumice. On weathered surfaces, the pumice is.paftially

etched giving the rock a sponge-like appearance. . The basal




tuffs grade into moderately to densely welded, light to
medium gray tuffs., Abundant andesitic lithic fragments are
typical of this unit but small, compressed, botfyoidal
punice also occcur, The crystal-poor tuffs usuélly have
phenocrysts of chatoyant blue sanidine, quartsz, p;agioclase
and rare biotite.

Small outcrops of upper tuffs also occur aiong a

north-trending fault zone from Hale Driveway Well to Hill

"7048" (pl, 1). The outcrops are poorly exposed and in most

instances rest on the andesite of Landavaso Reservoir. One
isolated outcrop is highly silicified and is intefﬁretedAto
be a fault‘sliver (fig. 8). Along the fault zone, both
crystal-rich and crystal-poor varieties are presenﬁ. Fresh
hand specimens are typically light.gray and weather
brownish~gray. Phenocrysts are chatoyant blue sanidine,
plagioélase and colorless quartz, Pumice and andesitic
lithic fragments are locally abundant but are small.

Two additional outcrops of ash-flow tuffs‘are located
at Rabbe Well near U.S. Highway 60 and 1 mile south of
Rabbe Well (sec. %1, T. 2 S., R. 4 W.). These tuffs are
similar in appearance and lithology to the upper tuffs
exposed on the west side of‘Arroyo Landavaso.

An outcrop of light gray to orangish-pink air-fall tuff
is present 1 mile east of Boxcar Well in the southern part
of the thesis area (sec. 1, T. 3 S., R. 5 W.). The tuff is
well-indurated and stratified and contains abundant andesitic

fragments, and tuffaceous ash and lapilli,. Phénocrysts of



Figure 8 - Silicified fault sliver of upper tuffs (Tutg
(foreground) along an early Miocene fault (dashed line
which crosses hill n7048", Sliver occurs between
conglomerate facies of the unit of Arroyo Montosa (Tamc;
left) and La Jara Peak Andesite (Tlp; right). Uplift of
a major intra-graben horst to the left (west) reversed
movement on the fault and resulted in the entrapment of
blocks of older rocks between younger rocks within the
fault zone. Knob of andesite of Landavaso Reservoir (T1r)
on skyline is a paleohigh projecting above La Jara Peak
Andesite (T1p) to right. View 1s to the north,
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sanidine and quartz are scarce.

In thin sedtion, the upper tuffs are rhyolitic with a
porphyritic texture and a devitrified microcrysta;line
groundmass. Phenocryst content varies from 6 to 35 volume
percent, Sanidine is frequently the most abundant
phenocryst and occurs as anhedral to euhedral brystals.
Although commonly fresh, a few crystals show minor clay
alteration along cleavage cracks. Quartz in some samples 1is
more abundant than sanidine. The quartz grains are often
rounded and range in size from 0.2 millimetexr to 3
millimeters. Both sanidine and quartz show effects of
resorbtion., Plagioclase is minor in amount but frequently
fresh., Two measurements of extinction anglesvgave
compositions of An35 and Anzg. Biotite varies from absent
to % percent of the total rock volume, Typically, it is
partially or totally altered to opaques or chiorite. The
groundmass is composed primarily of microcrystalline
aggregates of potash feldspar and quartz. In some thin
sections, spherulitic chalcedony makes up 60 to 70 percent
of the groundmass. Chlorite, calcite and iron oxides are

minor constituents.

]

Unit of Arroyo Montosa
Outcrops of interbedded volcanic rocks and conglomerates
occur along the western margin of the thesis area (pl. 1).
These outcrops have been tentatively designated as the unit
of Arroyo.Montosa. Originally, this unit was thought to be

a facies of the Popotosa Formation. The two rock units are




very similar at first glance but the conglomerates of the
Popotosa Formation contain abundant fragments of La Jara
Peak Andesite. PField work by the author and C.E. Chapin
has shown that: 1) the Arroyo Montosa conglomerates lack
clasts definitely recognizable as Ia Jara Peak Andesite,
and 2) volcanic rocks interbedded in the unit of Arroyo
Montosa 1lie with debositional contact on the eroded Hale
Well pluton. These observations indicate that the unit of
Arroyo Montosa is definitely younger than the monzonite
pluton (approximately 28 m.y.) and predates La Jara Peak
Andesite (23.8 m.y.; Chapin, 197la). A K-Ar date of 25,2 *
1.2 m,y. recently obtained from a sample of a latite flow i
the unit of Arroyo Montosa (sec. 14, T. 2 S., R, 5 W.,
unsurveyed) substantiates the above observations.

In this investigation, the unit of Arroyo Montosa is
.divided into 2 mappable, interbedded facies: a volcanic
facies and a conglomerate facies. In cross~section C-(C?
(pL. 1), the volcanic facies was arbitrarily chosen as the
lowermost member. At the Hale Well pluton, the volcanic
facies is the lowest, but to the north, the conglomerate

facies rests on upper tuffs.

Volcanic Facies. The volcanic facies consists of lava

flows varying from quartz latite to latite and dacite, with
dacite being dominant. The total number of flows present
within the unit of Arroyo Montosa cannot be determined
because of limited exposures. Available ocutcrops indicate

that at least 2 individual flows occur. Likewise, maximum



thickmess of individual flows is not known; a minimum
thickness obtained from cross-section C-C! (pi. i) is 100
feet, but the top of the flow is eroded.

The volcanic rocks are generally poorly exposed and
form slopes and caps on small hills along the'weéﬁern
boundary of the thesis area, Basal flow brecciaé"are seen
iﬁ some places and contain fragments derived from the
underlying conglomerates, Hematite is pervasive.in the
southern outcrops and diminishes to the north, Color of
samples varies from dark reddish-gray to light gray
corresponding to the amount of hematite present. ' Calcite
veinlets are widespread and local outcrops are siightly to
moderately silicified. |

On Hill "7048", numerous subangular boulders of the
volcanic facies are found resting on the conglomerate facies.,
- Some of these boulders are as large as 6 feetvin-length and
are believed to represent the bouldery remains of former
outcrop.,. .

In hand specimen, the flows contain phenocrysts of
plagioclase, smoky and colorless quartz, and sanidine, Somé
plagioclase crystals attain dimensions of 3.75 ce@timeters
in length and 2 centimeters in width. The large plagioclase
1s a distinctive feature which makes the flows easily
recognizable in the field.

In thin section, the volcanic rocks have a porphyritic
texture with a microcrystalline groundmass, Phenocrysts

account for 20 to 30 percent of the total volume of the rock,



euhedral crystals which

Plagioclasé occurs as unaltered,

are frequently twinned according to albite, albitefcarlsbad

and pericline twin laws. Most phenocrysts have lécy edges
owing to minute inclusions of glass. The anorthife A
composition measured by the Fouque” method ranges fr0m Angg

to Anz7. Sanidine is present in amounts varying from 2 to

15 volume percent of the rock.. The crystals vary from
anhedral to euhedral and average from 1 to 1.5 millimeters
in greatest dimension. Sanidine 1is commonly altered to

calcite and brownish clays. Anhedral and subhedral quartz

phenocrysts comprise from 1 to 3 percent of the total volume

of the rock, The quartz phenocrysts are typically deeply
_embayed and rimmed by fine-grained aggregates offcalcite and
chalcedony. Highly altered biotite and amphibole occur in

trace amounts in some of the flows. The groundmass‘consists

predominantly of plagioclase laths, interstitial quartz and
potash feldspar, and opaques. In some thin sections, the

opaques, which are primarily magnetite, constitute 10

percent of the rock by volume. Fyroxene, calcité and

secondary quartz are also present in the groundmass,

Conglomerate Focies. The conglomerate facies consists

of pebble conglomerates of fluvial origin with thin,

interbedded sandstone lenses. A total thicknéss cf the

facies and the number of individual conglomeraﬁe'dnits is

not known. On cross-section c-¢' (pl. 1), the estimated

thickness varies from 500 to 700 feet,

The conglomerate faclies CIrops out as small ledges which



are persistent along the base of ridges and hills. The

outcrops are characterized by predominantly westward dlps

of 6 to 14 degrees, but a 1O degree southeastward dlp 1s
recorded near the Hale Ranch driveway (sec. 25, T. 2 S¢y

R. 5 W.). The discrepancy is probably a result of drag from
uplift of a major intra-graben fault block to the horthwest

(pl. 1). The conglomerates are poorly sorted, cruaely-

stratlfled, and well-indurated (fig. 9). Clasts consxst of

felsic and andesitic volcanic rocks., Imbrication of clasts

indicates a source to the southwest (J.BE. Bruning, oral

commun., 1973).

Ty hand specimen, the color of the matrix is-reddish-
brown on both fresh and weathered surfaces. A 1argef
majority of the claéts are subangular but vary from'éngular
. The clasts can be as large as 7 to 8 inches

Welded tuffs

to subrounded.

in diameter but commonly are 1 to 2 inches.

from the Potato Canyon Rhyolite and to a lesser extént from

the A-L Peak Formation comprise most of the clasts. vThe

remainder of the fragments are andesites from various units

in the Datil volcanics. ¢lasts of Arroyo Montosa volcanlc
rocks occur throughout the conglomerate facies and are

easily recognized by their large plagioclase phenocrysts.

Some andesitic clasts resemble Ia Jara Peak AndLSLte but

they are present in such small volume that they are believed

to have originated from flows in the A-L Peak Formation

which are very similar to those in the La Jara Peak. If

the Arroyo Montosa conglomerates were youngexr than La Jara
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Tigure 9 - Crude stratification developed in the cbnglomeraté

facies of the unit of Arroyo Montosa., Note the abundance of
felgic volcanic detritus and relative scarcity of dark-
colored andesitic detritus. This is typical of the facies
and distinguishes it from the fanglomerate of Dry Lake
Canyon. Note pebble imbrication which indicates transport
was from left (SW) to right. \



=50

Peak Andesite, the conglomerates should be crowded with La

Jara Peak detritus, but this is not observed.

La Jara Peak Andesite

The last volcanic event in the Silver Hill afea’is
represented by a thick sequence of basaltic andesite“flows
with thin beds of intercalated, volcaniclastic sandstone.
Tonking (1957) named this unit the La Jara Peak Membér of
the Datil Formation after La Jara Peak, 20 miles north of
Magdalena in the Puertecito quadrangle. The La Jéra.Peak
Member was later separated from the Datil rocks by Willard
(1959) and is herein considered to have formational status.

Outcrops of La Jara Peak Andesite occupy muéh of the
central portion of the thesis area and cover approxiﬁately 6
square miles. TLocal outcrops occur aléng CouncilvRobk
Arroyo and near Arroyo Landavaso. La Jara Peak Andesite
rests unconformably upon tuffs of the A-L Peak Fo:mafion,
the andesite of Landavaso Reservoir, and upper tuffs. Along
Council Rock Arroyo, the fanglomerate of Dry Lake?Canyon, an
andesitic facies of the Popotosa Formation, apparénfly
conformably overlies La Jara Peak Andesite and waé dérived
largely from it., In the northwestern Bear Mountains, the
Popotosa Formation is interbedded in the uppermost part of
the La Jara Peak Andesite (Tonking, 1957; Bruning, 1973).

Thickness of the La Jara Peak Andesite in the Silver
Hill area is difficult to determine accurately. .$wq
diamond~drill holes (Crouch and ILL & B) collared in the

andesite penetrate approximately 600 feet of La Jara Peak
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but cross numerous small faults which may have repeated the
section. A minimum thickness of about 800 feet is estimated
from cross-section C-C' (pl. 1). Tonking (1957) and Brown -
(1972) both indicate much greater maximum thicknesses in
the Bear Mountains; 2500 feet and 2900 feet, respectively,
It is doubtful that the La Jara Peak Andesite has a totai
thickness of that mégnitude in the Silver Hill area.

An accurate radiometric age for the andesite is
difficult to obtain because of the altered and weathered

condition of most samples, However, an unusually fresh

sample from the Bear Mountains yielded a date of 23.8 i.1.2-.

m.y. (Chapin, 197la) which places the unit in the lower
Miocene.,

Outecrops of La Jara Peak Andesite typically form
rounded hills. Occasionally, as on the slopes of Silver .
Hill and a few of the ofher hills, small ledges can be séen:
© but usually they are not continuous. In some places, |
individual flows can be distinguished by the presence of
autobrecciated tops and bottoms., These flow breccias aré
usually oxidized to a reddish-brown color. Individual flows
cannot be traced very far owing to talus, soil cover, and
lack of ledgey outcrops. However, in 2 areas, the basal‘;
zone imparts a reddish tint to the soil which can be
followed for about 150 feet, Hand specimens are medium graf
to dark gray on fresh surfaces and weather to light gray br
light grayish-brown., Phenocrysts of hematized pyroxene, .

which are particularly obvious on weathered surfaces, are -




haracteristic of the unit. Plagioclase phenocrysts are
ound in some samples, Vesicules and amygdules filled with
alcite and silica occur locally. |

Plow direction can be determined in many outcrops fhat
ossess elongate, lineated vesicules. Flow direction is
hown on the geologic map (pl. 1) as a two~-directional
rrow. The lineations have a wide range in trends but most
ndicate a direction of flow from the northwest‘or southeast.:
~ few possible feeder fissures for the La Jara Peék flows are‘
‘ound in scattered areas. The rocks which occupy the
issures resemble dikes but afe'mineralogically identical to
e flows and lack observable chilled margins.

In thin section, the andesites have a porphyritic
exture with an aphanitic and felty to pilotaxitic groundmass;
ophitic texture is rare. Phenocrysts are usually pyroxene
put occasionally may be plagioclase and olivine; the
croundmass consists of microlites of plagioclase and
pyroxene.

The most common phenocryst is clinopyroxene which
comprises from 5 to 20 percent of the total rock volume.
Individual crystals vary from anhedral to euhedral and
average from 1 to 2 millimeters in length. Glomeroporphyritic
crystals are seen in some thin sections, Most pyroxenes are
altered to caleite in the center with a rim of hematite.
Tresh pyroxenes occasionally show hourglass structure,
concentric zoning and have extinction angles (zac) of 43°

to 459, This appears consistent with a composition between
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diopside and hedenbergite as determined by Tonking (1957,i
p. 46),

In some thin sections, plagioclase phenocrysts represent

from 5 to 10 volume percent of the rock, They usually
occur as euhedral and subhedral crystals ranging from 0.5
to 2 millimeters in length. Some are anhedral, partly
resorbed and may be xenocrysts. Varying degrees of
alteration to calcite are present. Using the F&uque’

method, the anorthite composition was measured on 8

pPhenocrysts that showed the least amount of alteration. The

range is Angg to An5l.

Subhedral and euhedral olivine phenocrysts are present
in 1 thin section of unusually fresh andesite and comprise
20 volume percent of the rock. Optic angles (2V) varying 

from 70 to 90 degrees indicate that the olivine is

forsterite or ferroan forsterite (Heinrich, 1965, p. 145)..

The crystals average from 1 to 1.5 millimeters in diametef
but some are as large as 3 millimeters. A pale green, |
fibrous alteration product, probably serpentine, forms
borders around the phenocrysts and fills cracks through the
core. ~

Ragged bilotite crystals, 1 to 2.5 millimeters in
length, occur infrequently in some thin sections., The
crystals are usually unaltered and always associated with j
calcite. One crystal disﬁlays undulatory extinction,

The groundmascs is comprised mainly of plagioclase and.

pyroxene miecrolites with abundant specks of magnetite, The
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microlites range in sige from 0,05 to 0.1 millimeter.
Calcite alteration is common with plagioclase appearing more
altered than pyroxene. Cavities filled with a gzeolite maj
comprise 15 volume percent in some thin sections. The
zeolite, possibly natrolite, occurs as radiating, needlenlike
crystals with positive elongation and parallel extinction.
Thin layers of wvolcaniclastic sandstone are present
locally in La Jara Peak Andesite, Outcrops are discontinuous
and weather to shallow depressions., Hand samples are light
gray to light reddish-gray on fresh surfaces and brownish—:
gray on weathered surfaces. The sandstones are composed'
primarily of quartz and feldspar with varying amounts of
andesitic and welded tuff fragments. In thin section,
quartz ranges from 15 to 40 volume percent of the rock.
The grains are typically subrounded to rounded and averagé
1 millimeter in diameter. DPlagioclase feldspar and
' occasionally potash feldspar comprise from 10 to 45
volume percent. Plagioclase commonly shows very little
alteration whereas potash feldspar is frequently severely5
altered to calcite. Biotite is scarce and usually slightly
altered to hematite., Opaques, primarily magnetite, are |
scattered throughout most thin sections. Andesite and
welded tuff detritus constitute 40 volume percent of the rbck
in some instances., The andesite fragments closely resembie
La Jara Peak flows and are typically angular to subrounded,
Most welded tuff clasts are crystal-poor and some show

definite flow-banding with imbricated feldspars, The




sandstones generally have a cement of sparry calcite, but in

some thin sections silica cement is dominant.

Popotosa Formation

The Popotosa Formation (Denny, 1940), Miocene in age,
is the basal unit of the Santa Fe Group. The formation |
consists of fanglomerates and playa deposits with local
~interbedded volcanic rocks (Bruning, 1973). The sedimentary
rocks of the Popotosa Formation formed in a large basin
extending from the Gallinas Range on the west to beyond the
Rio Grande on the east. The major source areas for detritus
were the Colorado Plateau and local uplifts produced by :
Basin and Range deformation (Bruning, 1973). Bruning has
divided the Popotosa Formation into a playa facies and a
fanglomerate facies, Two lithologically unique fanglomerates
are present; one of these, the andesitic fanglomerate of

Dry Lake Canyon, is exposed in the Silver Hill area.

Fanglomerate of Dry lLake Canyvon. The fanglomerate of

Dry Lake Canyon (Brown, 1972) is the youngest well-indurated
sedimentary rock present in the thesis area. The
fanglomerate crops out discontinuously from Boxcar Well in
the scuth to Allen Well in the north and is confined to the
down~dropped block west of the Hells Mesa fault. Exposures
of fhe fanglomerate occur as rounded hills typically denudéd
of living vegetation (fig. 10), The surface of these hills
is partially covered with clasts which generally range in

diameter from a few inches to 1 foot. Detritus from La Jara




Figure 10 - Vegetation contrast across fault contact (dashed
line) of fanglomerate of Dry Lake Canyon (left) and the
pumiceous member of the A-L Peak Formation (right)., Drought-
killed (?) juniper bushes mark outcrops of the fanglomerate
of Dry Lake Canyon in this area. View looking north with

the Bear Mountains in the background.




Peak Andesite predominate but locally, south of U.S. Highway
60, fragments which resemble the upper tuffs are more
abundant., In one locality near Allen Well (sec. 36, T. 1 S.,
R. 5 W., unsurveyed), the fanglomerate consists primarily of
clasts derived from the unit of Arroyo Montosa and the
andesite of Landavago Reservoir.

Good exposures of massive fanglomerate are seen along
Council Rock Arroyo and Dry Lake Canyon. Outcrops are
generally composed of poorly sorted sandstone and gravel
lenses. Hand specimens contain predominantly subrounded
andesite fragments as much as 10 centimeters in diameter in
a light brown sandy to silty matrix. In thin section, the
matrix appears to 59 a mixture of chalcedony, calcite and
clay.
| Bruning (1973) has completed a detailed report‘on the
- origin of the Popotosa Formation and discusses a source for
the detritus which makes up the fanglomerate of Dry Lake
Canyon, His data indicate that flow directions Qere mainly
"to northwest, west and southwest from the now down-faulted

north end of the Magdalena Range" (p. 90).

Tertiary Intrusive Rocks

Mafic Dikes
Two small andesite dikes intrude ash-flow tuffs of the
A-L Peak Formation. One dike cuts the floWwbandéd member in
the large roadcut on U.S. Highway 60 and the other dike cuts
the tuff of Allen Well in Council Rock Arroyo. The roadcut

dike measures 20 feet in width and is poorly exposed in



length for 25 to 30 feet along the top of the ridge. The

other dike is much narrower and is exposed for only a féw
feet along strike. A trend of N 35° W to N 40° W was
measured for both dikes with a westward dip of aboﬁt 75 .
degrees recorded for the dike in the roadcut.

A typical sample of the dike exposed in the roadcuﬁ is
aphanitic and dark gray on the fresh surface. Weathered
fracture faces are pale brown to pale yellowish-brown.

Hand specimens of the other dike have a speckled greenish-
brown appearance and were difficult to obtain due to the
weathered and fractured condition of the outcrop. N B |

Microscopically, the dikes are similar.‘ Thin sections
show phenocrysts oI pyroxene and infrequent plagioclase in a
pilotaxitic groundmass of plagioclase microlites. Pyroxene
occurs as subhedral and euhedral crystals ranging in sige
from 0.25 to 1 millimeter with an average of 0.5 millimeter.
Most grains are totally altered to calcite, chlorite andf
hematite with rims of fine-grained magnetite. Less altered
crystals occasionally have relict cleavage. Phenocrysts of ﬁ
plagioclase represent less than 2 pefcent of the volume of |
the rock. The euhedral crystals are remarkably fresh and
average 0.5 to 0,75 millimeter in length. Groundmass, .
which makes up 90 to 85 percent of the rock, consists of-
euhedral plagioclase microlites with minor amounts of
biotite and fresh pyroxene. The composition of groundmaés
plagioclase was determined as AnGO by the Michél—Levy »

nethod. Opagues and interstitial calcite are abundant in 1



thin section.

Monzonite

A small exposure of monzonite oécurs in the vicinity of
Hale Driveway Well in the southwestern portion of the thesis
area; the intrusive is informally named the Hale Well piuton.
The monzonite crops - out over an area slightly smaller than
_one—sixteenth of a squére mile with an outcrop configuration
in the shape of a slightly elongate ellipse oriented
approximately N 350 W, The‘monzonite usually érops outras
rounded mounds composed of highly weathered angular fragments.
Where intermittent streams have cut below alluvium, the
intrusive forms smoothly rounded outcrops and appears less
weathered, Relatively fresh hand specimens are light
brownish~red and weather to light reddish--gray.

The exposed portion of the Hale Well pluton is probably
a border facies of a much larger buried intrusive.‘ Thié
intrusive apparently has been down-faulted into the Mulligan
Gulch graben, a north-south structure extending from
Mulligan Gulch on the south to Abbey Springs on the north
and bordering'the western margin of the thesis area (se?
fig. 1, p. 2).

The Hale Well pluton has a conspicuous porphyritic
texture, Flagioclase phenocrysts, some as large as 3 |
centimeters in length, occur in a matrix of much smalle%
crystals., The phenocrysts are euhedral and essentially

fresh but incipient calcite, chlorite and clay altefation '




can be seen along cracks and cleavage traces. In some

instances, the plagioclase is speckled with opaques and
appears to be poikilitically enclosing small flakes of
hornblende and biotite. Zoned crystals show a range in
composition from An33 to Angp. Groundmass constituents are
primarily potash feldspar, plagioclase and clinopyroxene but
very minor amounts of quartz and brown biotite are also .
present (table 2). Opaques are small and numerous. Slender
laths of apatite occur throughout the groundmass and are |
partially enclosed within plagioclase phenocrysts.

 Pwo thin sections of the monzonite were previously
point counted by J.E. Bruning. The results were checked by
the author and are presented in table 2.

The weathered condition . of the intrusive prevented
cqllection of a sample for radiometric dating. However,
exposures show the pluton intruding the gray massive membef
and the tuff of La Jencia Creek of the A-L Peak Formation,
and the upper tuffs. A latite flow in the unit of Arroyo
Montosa and nearby outcrops of La Jara Peak Andesite are
unaltered. TFrom these observations, it is concluded that
the Hale Vlell pluton is similar in age to other intrusives
in the Magdalena area which have been dated at about 28 m.y.
(¢.,E., Chapin, oral commun., 1973%).

" Rocks near the Ilale Well pluton are argillically
altered and pyritized. The pluton is unfractured, unalteréd
and contains only minor amounts of hydrous minerals. Thesg

observationsg suggest that the plutbn may not have been the'



Table 2 ~ Modal data from the Hale Well
monzonite pluton (in volume percent)

Sample number¥* M-83-1 M-83-2
Phenocrysts
Plagioclase 48.5 50.0
Matrix
Potash feldspar 54,1 26,2
Plagioclase 2.3 6.9
Clinopyroxene 2.9 5.3
Biotite 0.1 0.5
/
Quartsz 0.0 0.1
Opagues 12.0 10.9
Total percent 99.9 99.9

*Sample M-83-1 was counted on a 1/2 X 1-2/% millimeter
grid which yielded 1227 counts, Sample M-83%-2 was
counted on a 1/3%3 X 2 millimeter grid which yielded 868

counts.



source for solutions which created the alteration in the
surrounding rocks. Hence, the wall-rock alteration may
pre~date intrusion of the pluton. Effects of contact
metamorphism related to the pluton may be undistinguishable
from effects of this older period of alteration, al#hough
contact effects are likely to be minimal because of the
similarity in composition between the pluton and the

wall-rocks.,

Tertiary-Quaternary Deposits

Pediment Gravels
Pediment gravels are the oldest surficial depo;its

mapped in the thesis area., The deposits are unconsqlidated
and poorly-sorted and contain volcanic detritus ranging from
pebbles to cobbles in sige. A caliche zone, usually somewhat
indurated, caps the pediment gravels. The thicknes$ of the
zone varies from a few inches to several feet. Frequently,
a layer of brownish soii covers the caliche zone. in areas
where this soill layer is extensively developed, the presence
of the pediment surface can be detected by caliche-covered
pebbles surrounding animal burrows. Cholla and priékly peaxr
cactus, and assorted desert grasses are the dominanf forms
of vegetation but juniper occasionally grows where pediment

cover over bedrock is thin.

Quaternary Deposits

Talus

Owing to limited +topographic relief, extensive aréas of



talus do not occur in the field area. Primarily, the word

talus represents: 1) talus cones derived from mass-wasting
of upthrown fault blocks, and 2) colluvium where
stratigraphic contacts are obscured and underlying bedrock

could not be identified.

Eolian Sand

Areas of windblown sand occur in the northern half of
the thesis area and are related to prevailing southwesterly
winds. The sand accumulatibns are thickest on the leeward
flanks of large ridges and thin to the northeast. Windblown
sand generally supports better vegetation than pediment
deposits; juniper bushes and pifion pine at higher elevations
occur most often. No soil layer is present and ant hiils
and animal burrows are less abundant than on pediment

surfaces,

Alluvium
In this study, alluvium is confined to: 1) deposits of
sand and gravel filling arroyos and smaller intermittent
stream channels, and 2) finely divided material filling

small depressions and valleys.
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STRUCTURE

Regional Structure

West-central New Mexico is part of a northefn extension
of the Sonoran-Chihuahua fault system (Bardley, 1962) which
most physiographers include in the Basin and Range prdvince.
The extension continues along the Rio Grande depression into
central Colorado and separates the Colorado Plateau on the
west from the Southern Rocky Mountains and Great Plains on
the east. The present tectonic pattern of the area largely
rgflects 2‘major periods of deformation: '1) Laramide
(late Cretaceous to early Tertiary), and 2) middie and late
Cenozoic, | ‘

Laramide forces produced a series of north-"and
northwest-trending domal uplifts separated by downwarﬁed
basins., The Magdalena area is situated on the southern
flank of one of these basins, the Baca basin, ZErosion of
Mesozoic rocks exposed along the flanks of the basin
produced clastic debris which was deposited in the center of
the basin to form the Baca Formation of Eocene age. Large
open folds and thrust belts are typical of the Laramide
orogeny (Kelley and Wood, 1946; Tonking, 1957; Eardley,
1962; King, 1967). Eardley (1962) proposed that vertical
rather than compressional forces were mainly responsiﬁle for
these features. The theory involves the formation of.
basaltic "megasills" which elevated the overlying crust
into large blisters; hence, the name "blister coﬁcept".

King (1967) noted that occasionally Laramide stocks were




emplaced transverse to fold axes which indicated‘to him that
vertical forces were especially active during this time.
Recently developed concepts of plate tectonics, however,
suggest that Laramide deformation was compressional and
resulted from southwestward driving of the North American
plate away from the opening gap between North America and
Europe (Coney, 1971).

Following the Laramide orogeny, much of west-central New
Mexico was beveled by an erosion surface which eiposed
Precambrian and Paleozoic cores of Laramide‘uplifts (Epis
and Chapin, 197%). In the Magdalena area, an early
Oligocene transverse fault trending N 78° W from the
latitude of North Baldy in the Magdalena Mountaiﬂs to Tfes
Montosas downdropped the Spears Formation and older rocks
1500 to 3000 feet on the south (Xrewedl, in preparation;
Chapin and others, in preparation). Copious ash flow
eruptions, culminating at 32 to 30 m.,y., buried the trace of
this fault and formed the ignimbrite plateau whiéh caps the
Datil volcanic pile in the Magdalena area, Northeast-
trending faults of relatively small displacement'influenced
drainage during formation of the plateau and may‘have
helped localize cauldron development. Immediately following
construction of the ignimbrite plateau, the Magdalena area
was‘broken by numerous normal faults of N 10° W trend;
these faults greatly influenced post-volcanic stock intrusion
dated at about 28 m.y. (Loughlin and Koschmann, 1942; Chapin

and others, in preparation). The onset of basin-and-range-



type faulting and related sedimentation began in early
Miocene and was related to the formation of the Rio‘Grande
rift (Chapin, 1971b). Southwestward bifurcation of the rift
through the San Augustin Plains developed in late Miocene
(Chapin, 1971b). The cause of rifting has been attributed
to a northwestward movement of the Colorado Plateau (Eardley,
1962; Chapin, 1971b), TFormation of the rift and related
structures has greatly affected the structural framéwork of
the Silver Hill area and will be discussed in greatér detail
in the following sections,

Seismic activity and recent fault scarps, such;as the
one along the eastern flank of the Magdalena range ébout 4
miles east of Magdalena, suggest that deformation i; still

continuing.

Local Structure

The Silver Hill area is a structurally complex network
of intersecting, superimposed faults, Faulting occurred
intermittently from middle (?) Oligocene to Recent Qith
major periods of deformation in late Oligocene, eariy
Miocene, and late Miocene., The late Oligocene and éarly
Miocene periods of faulting are separated by a regiénal
erosion surface which was subsequently covered by a thick
sequence of andesite flows; thus many of the Oligocéne.
faults are buried, and their position and trend must be
inferred from cross-secions (pl., 1).

In order to present the structure in an organized

fashion, faults have been grouped into 2 age periods:



Oligocene and Miocene. An overlay for each period, showing

fault trends, was constructed from the geologic map and
reduced to page size (figs. 11 and 12). 1In addition, a
regional structural map showing the relationship of faults
in the thesis area to those elsewhere in the Magdaiena area

is presented in fig. 13 (p. 76).

Oligocene Faults

Two stages of faulting are recognized in the thesis
area during the Oligocene Epoch, The first stage is
represented by 2 parallel northeast-trending faults which
formed a graben transecting the central portion of the
thesis area (fig. 11). A paleovalley was present along the
graben at the time of emplacement of the tuff of La Jencia
Creek and controlled the distribution of the tuff. A
norfheastntrending paleovalley early in deposition of the
A-L Peak Formation is compatible with the location of the
Mt. Withington cauldron, the probable source of the A~L
Peak ash flows, and with similar-trending paleovalleys in
the Lemitar Mountains (Woodward, 1973) and near Stendel
Ridge (R.B. Blakestad, oral commun., 1973), Recognition
that deposition of the tuff of La Jencia Creck was structurally
controlled helps to explain why the gray massive and flow=-
banded members of the A-L Peak Formation (which lie
stratigraphically below and above the tuff, respectively)
usually are not differentiable outside the graben.
Displacement across the bounding faults of the graben maj

not have been large; cross-section B-B' (pl, 1) shows an
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estimated vertical offset of about 100 feet on the northern
fault.

A second stage of faulting occurred in late Oligocene
(fig. 11). These faults trend from N 35° W to N 30° E and
with 1 exception are traceable only for short distances.
Half of the faults are downthrown to the west while the'
other half show the opposite sense of movement. The largest
and most important of the down-to-the-west~type faults is
the Hale Well fault (fig. 11 and pl. 1). This fault crossed
the thesis area, cut the earlier northeast-trending
paleovalley and formed the eastern boundary of an embryonic
Mulligan Gulch graben. Movement along the Hale Well fault
may have been initiated prior to deposition of the andesite
of Landavaso Reservoir, Distribution of the andesite in
the west-central portion of the thesis area (see pl, 1)
suggests that the andesite was confined within a north-
trending down-faulted area. Movement along the Hale Well
fault was renewed after emplacement of the upper tuffs
(cross-section D-D', pl., 1). Meximum total displacement is
approximately 1000 feet (cross-sections B-B' and D-D', pl. 1).
The Hale Well fault may have been instrumental in contrblling
emplacement of the Hale Well pluton, a monzonite body of
unknown shape and size, which is partially exposed élong
the east side of the fault near Hale Driveway Well,
North-trending, late Oligocene faults controlled emplacement
of stocks in the Kelly mining district (Chapin, 197la;

Brown, 1972).




Miocene Faults

After Oligocene faulting, the Silver Hill aréa went
through a period of relative guiescence during which
erosion of uplifted fault blocks supplied detritus
to form the conglomerate facies of the unit of Arroyo
Montosa. ILava flows in the unit, probably of fissure
origin, were eruptea during deposition of the conglomerates.
The unit of Arroyo Montosa probably formed in a basin-and-
range-type environment similar to that present during
deposition of the Popotosa Formation. This suggests that
Basin and Range deformation in the Magdalena area may have
begun in very early Miocene,

The earliest Miocene fault cuts the unit of Arroyo

Montosa (25.2 m.y.), but not Ia Jara Peak Andesite (23%.8 m.y.).

(fig. 12). The trace of the fault is best exposed on the
south slope of Hill "7048" where the conglomerate facies of
the unit of Arroyo Montosa has been downthrown and
juxtaposed against the andesite of Landavaso Reservoir and
the upper tuffs (pl. 1). A gray, crystalline calcite vein,
approximately 8 to 10 feet wide and 30 feet long, occupies
the fault zone. Calcite veins are also found within other
fault zones along the Mulligan Gulch graben., Displacement
along this fault may have been as much as 800 feet.
Following an initial stage of faulting, the Silver
Hill area was inundated by La Jara Peak Andesite which
filled the middle Oligocene, northeast-trending paieovalley

after it had been exhumed during carving of the pre-lLa Jara



eak erosion surface. ZErosion of the flanks of the

e

aleovalley continued during emplacement of La Jara Peak
ndesite as evidenced by the presence of interbedded | (
olcaniclastic sandstones. The sandstones are immature, . ‘
.ontaining primarily quartz, feldspar and rock fragments
rith occasional biotite. Hence, it appears that La Jara
eak Andesite occupied a graben with quartz- and feldspar-
yearing rocks accessible to erosion along the sides.

After emplacement of La Jara Peak flows, the Silver
1111 area was cut by a number of steeply dipping normal
faults with irregular trends (fig, 12). In the eastern and

~entral portions of. the map area and where these faults

transect La Jara Peak Andesite, quartz veins containing ‘ iﬂ

calcite, barite and a few metalliferous minerals occupy
some of the fault zones (Lasky, 1932). Secondary movement
along some of these faults 1s indicated by slickensides
within the veins,

Tn the western portion of the thesis area, along the
Mulligan Gulch graben, formation of a major intra-graben

horst caused a reversal of movement along part of the

carliest Miocene fault (fig., 12 and pl. 1). On Hill , A

n7048", the conglomerate facies of the unit of Arroyo
Montosa rests in fault contact.with La Jara Pealr Andesite.
Tault slivers of upper tuff and andesite of Landavaso
Reservoir, which were dragged up along the fault, also rest
against La Jara Pealk Andesite (see fig. 8, p. 43). Near

Hale Driveway Well, small outcrops of the conglomerate and
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Figure 12 - Miocene faultls in the Silver Hill area., TFaults
are dotled when continuation is uncertain., Longitude and
latitude are marked along the borders of the thesis area.,




volcanic facies of the unit of Arroyo Montosa disconformabli
over;ie upper tuffs, the gray massive member of the A-I,

Peak Formation, and the Hale Well pluton. Apparently, the
fault forming the eastern boundary of the intra-graben

horst is located west of these outcrops (pl. 1). Movement
along this fault may have caused a reversal of dips on the
conglomerate facies of the unit of Arroyo Montosa from
predominantly southwest to southeast near the Hale Ranch
driveway (sec. 25, T. 2 S., R, 5 W.).

Immediately east of the central part 6f the intra~-graben
horst,.a fault-bounded block, consisting of the andesite of .
Landavaso Reservoir and small outcrops of the upper tuffs,
was uplifted and placed against La Jara Peak Andesite.

This uplift probably occurred as a result of contemporaneousj
formation of the intra~graben hdrst to the west (fig. 12). |
This relationship cannot be seen in croés—section owing to
recurrent movement along older faults.

The Hells Mesa fault (Tonking, 1957, p. 38) is a
major north-south lineament along the western portion of
the Silver Hill area (fig. i2). The trace of this fault
continues as far north as Sierra Lucero near the northern
boundary of the Puertecito quadrangle., Displacement along
the Hells Mesa fault increases from 500 to 600 Feet in
soufhern portion of Puertecito quadrangle (Tonking, 1957)

To about 1000 feet in the Bear Mountains (Brown, 1972).
Near Arroyo Montosa in the Silver Hill area, the fanglomerate

of Dry Lake Canyon is downthrown and juxtaposed against
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ndifferentiated A-L Peak Formation; hence, vertical
isplacement may be as much as 1500 feet (cross-section
-B!, pl. 1). The Hells Mesa fault does not transect the
ntra-graben horst (fig. 12). A minor fault with identical
rend and movement but with a throw of only 50 feet is
resent instead (cross-section C-C', pl. 1). Movement
long the Hells Mesé fault was apparently diverted along the
younding faults of the horst which may have been partially
~eactivated. South of the intra-—graben horst, the Hells
fesa fault continues but the vertical offset is greatly
reduced. Near Landavaso Reservoir, displacement of
approximately 800 feet 1is indicated from cross-—section

D-D' (pl. 1).

Bifurcation of the Rio Grande rift along the San
Augustin graben occurred in late Miocene and the
north-trending structurél grain of the Magdalena area was
overprinted Dby northeast-trending normal faults which had
some left-lateral movement (Chapin, 1971b; Brown, 1972).
Phe southern bounding fault of the San Augustin rift
parallels part of State Road 107 which forms the southeastern
poundary of the thesis area. A subsidiary fault trending
N 700 E occurs about 2 miles to the northeast along Arroyo
Gato (sec. 25, T. 2 S., R. 5 W, and sec. 30, T. 2 Sy
R, 4 W.). This fault bifurcates into 2 smaller faults
which cut the flow-banded member of the A-L Peak Formation
exposed in the large roadcut on U.S. Highway 60, The

intense fracturing prevalent along the roadcut may be due




argely to the influence of these faults (see fig. 14,

. 81). It is not certain if left-lateral movement is
ssociated with the roadcut faults, although an andesite
ike in the south wall of the roadcut has no visible
orthward continuation, However, this observation can he
xplained with down-faulting on the north side of the

vadcut if the dike pinches out upward.

Folding

A short segment of a flat-bottomed syncline (Brown,
972) extends into the extreme northeastern corner of the
hesis area from the soubthern Bear Mountains (cross-section
-B', pl. 1). The axis of the fold trends north-northeast
nd dips on the limbs vary from 10 to 15 degrees., The limbs
f the syncline are poorly exposed and are truncated by lLa
ara Peak Andesite about 0.5 mile south of Joe Well (sec.

7, T 2 S., R. 4 W.), No further continuation of the
yncline could be located in the study area.

Information concerning the origin of the fold is
imited by the poor exposures present in that part of the
hesis area. Better exposures exist in the southern Bear
ountains, and therefore, the reader is referred to previous

ork by Brown (1972, p. 90~93).
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ECONOMIC GEOQOLOGY

The Magdalena-Tres Montosas area has seen some form
f mining activity since about 1878. With the area's
ariable lithology and complex structural history, the
rcurrence of ore deposits is not surprising. The Keliy
ining district contains the largest and most developed
ines in the area and has been a major producer of zginc and
2ad with appreciable quantities of copper and silver. A
mber of other mining districts, such as the Cat Mountain
istrict to the southwest of Magdalena and the Council Rock
igstrict to the northwest of Magdalena, occur within a
—mile radius of the Kelly district. The Silver Hill area
3 approximately equidistant from these 3 districts.

Two features of the Silver Hill area warrant
msideration from an economic standpoint. Areas of
rgillic alteration occur along portions bf the western
argin of the the;is area, The alteration affects all
vlcanic units of Oligocene age. The unit of Arroyo Montosa
5,2 m.y.) and La Jara Peak Andesite (23.8 m.y.; Chapin,
)71la) are unaltered. Hence, the age of the alteration
s assigned as late Oligocene. Unrelated to the Oligoéene
lteration, are quartz-calcite-barite veilns which cut La
ra Peak Andesite. The veins are Miocene or younger but
y upper age limit can be determined from exposures in the

hesis area,

vte Oligocene Alteration
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Outcrops which exhibit effects of argillic alteration
wre stippled on the geologic map (pl. 1) and occur in 2
listinct places along the western half of the thesis area.
fhe 2 areas are approximately 2.5 miles apart and are
separated by outcrops which lack, or show very minor,
1ydrothermal alteration. The northern altered area extends
from Allen Well south to one-quarter mile beyond Arroyd
lontosa and east to La Jencia Creek. The southérn aitered
rea extends from the northern boundary of sec. 25, T. 2 S.,
. 5 W., across U,S., Highway 60 and south to Boxcar Well,

The Allen Well-Arroyo Montosa area contains the most
intensely altered rocks in the thesis area. The pumiceous
nember of the A-L Peak Formation, andesite flows, and the
tuff of Allen Well show varying degrees of argillic
wlteration. In the pumiceous member, the typical purplish-
rray color becomes bleached to almost white, feldspars
become severely altered to clay and are frequently visible
only as rectangular holes in thin section, and oxidized
oyrite haloed by limonite is moderately abundant., Hematite
staining is occasionally visible near fractures. Adjacent
to quartz veinlets, the pumiceous member appears to be
recrystallized and minor amounts of sericite is present
locally. In the tuff of Allen Vell, bleaching is not as
intense as in the pumiceous member, but argillic alteration
and oxidized pyrite are still prevalent., Argillic |
wlteration and bleaching in the andesite flows is most

visible near fractures which probably served as conduits
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for solutions,

Undifferentiated A-L Peak Formation has also been
vttacked by argillic alteration near Arroyo Montosa and

in a group of hills bordering the arroyo to the east (secs.

S . oo g et = s

|l and 12, T, 2 8., R. 5 W.). The most intensely argillized .5 o
rocks exhibit the same features present in the pumiceous -
nember near Allen Well., In general, moving northeast from
\rroyo Montosa towards La Jencia Creek, the rocks of the
1ndifferentiated unit become less bleached and their
‘eldspars show lesser degrees of argillic alteration;
Limonite pseudomorphs after pyrite diminish and finally
lisappear.

In the Hale Driveway Well-Boxcar Well area, argillic
\lteration affects the gray massive member, the tuff of La - éh 5
'encia Creek and the flow-banded member of the A-L Peak a
‘ormation and, to some extent, the upper tuffs. The ﬁl
ndesite of Landavaso Reservoir seems to have largely |
scaped this type of alteration as the feldspars are
xceedingly fresh. Ihstead, propylitic alteration is
lominant, which, in the context of this study, is
haracterized by replacement of biotite and pyroxene by
hlorite and calcite. 1In the gray massive member and tuff
f La Jencia Creek, the typical gray and purplish-gray colors
Lavé been changed to yellow-brown, probably as a result of
reathering of disseminated pyrite under oxidizing conditions,
[inor amounts of hematite occur near fractures. In the

arge roadcut on U,S. Highway 60, %,75 miles west of




agdalena, the flow-banded member of the A-L Peak Formation

1d a mafic dike which cuts the member show weak to moderate
2grees of argillic alteration (fig. 14). However,

1loritic alteration of pumice and lithic¢ fragments is

vt o o g e i S5 e A e e

requently observed in the flow-banded member; hence, these ‘3 C
scks may be in transition from propylitic to argilliec i ?;

lteration., Alternatively, the argillic alteration may be

iperimposed on propylitized rocks by supergene processes.
xidized pyrite is disseminated throughout both the Llow- ';1 : é;
ainded tuff and the dike, and hematite bands which have X
igrated inward from fractures in the tuff are superimposed i ; fj
1 bleached rock (fig. 15). Near Hale Driveway Well and | % ;;
yxecar Well, the upper tuffs have suffered only very weak é ! ‘
rgillic alteration., Pervasive hematization occurs locally |
n both of these areas and pyrite is absent. %V ?

Argillic alteration in the Silver Hill area is difficult J‘ |
o attribute to a single process. Undoubtedly, what is seen v
s an overprinting of both hypogene and supergene effects,
b decipher what formed from hypogene prooesseé and what
ormed from supergene processes, fequires more information
han is available at present. Almost certainly, the sulfur
nd some of the ifon to make pyrite are of hypogene origin,
rile the bands of hematite adjacent to fractures are
robably related to supergene oxidation of pyrite.

In the Hale Driveway Well area, argillic alteration is
patially related to outcrops of the Hale Well pluton.
owever, the absence of shattering, alteration and hydrous

inerals in the exposed portion of the stock makes a genetic | —




~81-

R i ?

o

‘igure 14 - Roadcut on U.S. Highway 60 (3.75 miles west

f Magdalena) in altered and intensely fractured flow-banded
iember of the A-L Peak Formation. Roadcut is near
ntersection of several faults and is about 1/3-mile
southeast of outcrop of Hale Well pluton. Dark gray rock
lear vehicle is relatively fresh (see fig. 5, p. 27

ompared to the bléached and hematite-stained rock to

ight, View is to the west.
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Figure 15 - Close-up of altered and fractured flow-banded
member of the A-IL Peak Formation in roadcut on U.S. Highway
60 (see fig. 14). The rock is bleached and pyritized and
has undergone weak to moderate argillic alteratiomn.
Fractures conbain iron and manganese oxides. Oxidation of
- pyrite and outward migration of iron from fractures are
~probably related to supergene processSEs during carving of
the late Oligocene and present erosion surfaces. Compare

" bleached rock with fresh rock from same roadcut (fig. 5,

P. 27).
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Most of the Hale VWell pluton has

relation doubtful.

,n down-faulted into the Mulligan Gulch graben; because

. dimensions of the stock are unknown, it is possible, but

]

t 1likely, That the exposed part of the stock is a "dry"

rder facies that escaped shattering and alteration. Near

es Montosas, an exposed stock, some of which closely

sembles the Hale Vell pluton, is not spatially related to

gillic alteration along the western edge of the Mulligan

(Chapin and others, in preparation). Neither

1ch graben

e Hale Well pluton nor the Tres Montosas stock appear to

.ve been the source of the hydrothermal fiuids which

ltered large volumes of rock along the edges of the

1lligan Gulch graben. The Hale Well pluton appears to
ost-date argillic alteration.

Supergene effects, related to either the pre-La Jara

eak erosion surface O the present erosion gsurface, or
oth, may have accounted for a large part of the argillic

lteration. The abundance of oxidized pyrite in the

1tered rocks and association of argillic alteration with

najor fault zones lends credence to this hypothesis.

Several features, though, point to a hypogene origin for the

argillization, and more work ls necessary in order to d

which process, hypogene Or SUPELEENE, is dominant.

Miocene (2) Mineralization

The central portion of the thesis area is dotted with

shallow prospect pits, shafts and adits. Some of the
workings date back to the 1920's when the Silver Hill area

ecide
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;as the site of small-scale mining activity. Although
»opper and silver ores were mined, production from the area

jas limited. No records concerning ore grade or tonnage

~ould bhe located,

The mineralization occurs as veins which are confined
orimarily to outcrops of La Jara Peak Andesite; a few veins
are found cutting the A-L Peak Formation. Vein mineralization
vas dependent upon open space created by a series of fault
zones and related fracture systems probably during Basin
and Range deformation in early Miocene time. In general,
vein trends are northwesterly, but vary from N 70° W to
¥ 350 E. The veins are plotted on the geologic map (pl. 1)
and their orientation is shown in a rose diagram (fig. 16).
Dips on the veins range from 60° to vertical. A few veins
are as wide as 6 feet but usually the veins are 8 inches or
less in width. Veinlets and stringers often parallel or
diverge from larger veins. The veins pinch and swell Dboth
horizontally and vertically; hence, veins or vein systems
are seldom traceable for long distances.

Vein material consists of a variety of gangue and ore
minerals. Quartz, calcite, barite and hematite are the
dominant gangue minerals, but minor amounts of goethite
occur locally. The ore minerals, listed in order of
approximate decreasing abundance, are chrysocolla, malachite,
chalcocite, covellite, galena, sphalerite, argentite (Lasky,
19%2) and vanadinite. Chrysocolla and malachite are

widespread whereas the other ore minerals are obsgerved in
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Figure 16 - Rose diagram to 50 vein trends in La Jara Peak
Andesite., Trends were grouped and counted within 5 degree
sectors.

-1
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only a few localities. A common vein assemblage is shown

in fig. 17.

Paragenesis of Vein Minerals

In a majority of the veins, quartz is the earliest
mineral formed., Calcite, both white and brown varieties,
forms later, with white calcite slightly earlier than
brown calcite, Initial silicification is absent in some
veins; in such cases, brown calcite is usually the first
mineral to form (fig. 17). .Quartz, in these wveins, occurs
as a late-stage mineral., Barite generally forms later than
either brown orrwhite calcite, although barite does occur
contemporaneously with brown calcite. Hematite appears to
be later than most of the other gangue minerals and is
principally associated with malachite and chrysocolla,
Although massive hematite is most frequently encountered,
specular hematite occurs along cavities in the andesitic
country rocks in some localities. No relationship between
goethite and other gangue or ore minerals could be found.

Malachite and chrysocolla are early ore minerals,
Malachite may have slightly preceeded formation of
chrysocolla, but usually the two minerals are intimately

associated., Minor amounts of chalcocite with covellite are

found rimmed by, intergrown with, and surrounding
chrysocolla and malachite in a recent prospect (NE1l/4 sec.
24, T, 2 5., R, 5 W,) and on a few dumps of older mines.
Lasky (1932) reported the presence of "granular orthorhombic

chalcocite" and associated covellite from claims owned by
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Pigure 17 -~ Boulder of vein material typical of prospects
in La Jara Peak Andesite. An intimate association of
chrysocolla and hematite occupies the center of the vein
gurrounded by coarsely crystalline, brown calcite. A :
cmall barite veinlet (left side of vein) cuts the calcite
and parallels the boundary with chrysocolla and hematite.
Quartz is a common gangue mineral in many veins but is not
abundant here, The prospect is located in NEl/4 sec. 19,
T, 2 S.y Re 4 W,




e Copper Belt Silver and Copper Mining Company to the

st of Silver Hill. Galena and yellow-green sphalerite

y be later than the copper sulfides but are definitely

ter than chrysocolla. The only vein found to contain both

lena and sphalerite (Swl/4 sec. 19, T. 2 Sy R. 4 W.)
so contains fragments of Ta Jara Peak Andesite cut by

inlets of chrysocolla. Occasionally, where galena and

halerite coexist, galena 1is observed to form a partial

»rimeter around sphalerite; hence, at least some of the

Jlena is definitely earlier than sphalerite. Color and

-ray diffraction analyses of the sphalerite show it to be an

ron-poor variety. Vanadinite was noted in one locality

SE1/4NE1/4 sec. 18, T. 2 S, R. 4 W.) as euhedral crystals

nerusting fracture surfaces. Argentite, which was reported

y Lasky (1932), was not seen by the author,

The paragenetic sequences observed in the veins is

hown in fig. 18, The dlagranm indicates relative position
1 time and is not intended to show mineral quantities.

Some interesting features arise from the paragenetic

sequence, The copper minerals generally formed earlier

than galena and sphalerite, with at least some malachite

and chrysocolla preceeding formation of the copper gulfides,

chalcocite and covellite. Hence, when copper was introduced

into the system apparently no sulfur was available to

combine with copper and precipitate as coppex sulfides.

Iron, represented in the diagram bY hematite, occurs

relatively early in the paragenetic sequence and may have
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Figure 18 - Paragenetic sequence for vein minerals in the
Silver Hill area, Solid lines indicate that the mineral
definitely formed at that time in the sequence., Dashed
lines indicate that the mineral possibly formed at that
time but lack of relationships with other minecrals prevents
a definite determination.
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heen essentially depleted or absent in the later stages of
nineral formation. Evidence which supports this hypothesis
is based on the low iron content of sphalerite and the
absence of pyrite and chalcopyrite from the sulfide

assemblages.,

Wall-Rock Alteration

Weak alteration commohly surrounds veins which cut
La Jara Peak Andesite. In places, the alteration may be
silicification, hematizatioh, or weak argillization,
Generally, in veins with quartz as the main gangue mineral,
silicification is the attendant alteration, Weak
argillization is also associated with these veins. In.
calcite-dominated veins, either very little alteration is
seen or hematization is the principal altering process.
Near some veins, hematite is so pervasive that phenocrysts L
in the andesite are not visible in hand specimen, Bleaching
of wall-rock adjacent to veins is not common, although
fragments of the andesite entrapped in the veins are often
partially bleached, No pyrite is visible within the
alteration zones or the veins; thus, the bleaching effect
may be due to acidic solutions of hypoéene origin.,

Widths of alteration zones generally vary from 2
inches to 1 foot directly proportional to the widths of the
veins. However, in areas of abundant veining, overlapping
alteration zones affect large areas of rock. These large
zones are generally located along major faults where the

rock has been brecciated, thus permitting deep penetration
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of altering fluids into the wall-rock.

Discussion of Vein Mineralization
_ Veins in the Silver Hill area show many similarities
to epithermal veins described by Lindgren (1933, p. 444~
513), Lindgren relates the solutions which formed the
vein material genetically to intrusive rocks, but this may
not be true for veins in the Silver Hill area. Recently,
Taylor (1973) has proposed that all epithermal vein deposité
may have originated from heated meteoric waters, provided the
deposits are: 1) located in continental-erupted volcanic
rocks which have been intensely faulted, 2) near an exposed
or inferred intrusive of approximately the same age as the
volcanic rocks, %) associated with intense hydrothermal
alteration in the volcanic rocks, and 4) younger than or
correlative in age to the volcanic rocks and the intrusive.
With the exception of intense alteration of the volcanic
rocks, these conditions are met by vein deposits in the
thesis area. The deposits occur in highly faulted lLa Jara
Peak Andesite, and the rhyolitic intrusive and flows at
Magdalena Peak (14.3 m.y.; Weber, 1971) may have been the
necessary heat source.

The Silver Hill vein deposits show similarities in
mineral assemblage to a group of vein deposits associated
with andesitic volcanic rocks in soufhern California studied
by Beane (1968)., Beane noted that the assemblage
chrysocolla~hematite is typical of the supergene oxidation

sone associated with copper-iron sulfide deposits., However,




the presence of barite with the assemblage and the small
quantity of early sulfide minerals suggested to him that
the vein deposits may have been of hypogene origin. Some
evidence suggests a hypogene origin for a chrysocolla=-
malachite~hematite assemblage in the Silver Hill area.
Galena and sphalerite appear to be later than chrysocolla
based on textural evidence., Some chalcocite and covellite
appear to have formed later than chrysocolla and malachite,
although in a few samples, the sulfides are earlier.

Barite is common in veins which contain the assemblage
chrysocollawmalaoh;te—hematite and is usually earlier than
the assemblage, but is occasionally found to be later. The
fact that some sulfides are found earlier than chrysocolla
and malachite may be construed as evidence for supergene

origin, in addition to the observation that chrysocolla and

nalachite are commonly known as supergene minerals. Veins -

in the Silver Hill ares contain such minor amounts of

sulfide minerals that observable relationships to chrysocolla |

and malachite are scant. However, the possibility that the
chrysocolla-malachite~hematite assemblage may be of hypogene

origin should not be ruled out.

sconomic Potential

Three aspects need to be considered in order to
valuate the economic potential of tﬁe Silver Hill area.
‘hey are: 1) base-metal replacement deposits in the Kelly
imestone, 2) vein mineralization in Ia Jara Peak Andesite,

nd 3) porphyry copper mineralization along the Mulligan




ruleh graben.

Much of the early exploration in the Silver Hill area
vas directed towards the possibility that the Kelly
Limestone, a host for mineralization in the Kelly mining
listrict, underlies volcanic rocks exposed in the thesis
wrea. Present information regarding the Paleogzoic and
volcanic stratigraphy of the Magdalena area indicates that
drilling depths to the Kelly Limestone, if it were present,
would probably be at least 8200 feet but may be as much as
12000 (La Jara Peak Andesite 0-1000 ft., upper tuffs 0-600
ft.,, andesite of Landavaso Reservoir 0-800 ft., A-L Peak
Formation 0-900 ft., Hells Mesa Formation 600 ft., Spears
Formation 2000 ft., Permian rocks %000 ft., Madera Limestone
2000 ft., Sandia Formation 600 ft.). Therefore, within the
Silver Hill area, possible base-metal replacement deposits
in the limestone would be uneconomic under present conditions.

Vein deposits in La Jara Peak Andesite were mined
primarily for copper and silver; small amounts of gold
occurred as a by-product. Geochemical analyses on velin
material collected from a recent sampling showed several
high values (>2%/ton) for copper, lead and zinc, with silver
values about 2 ouncés/ton. Analyses were not conducted for
gold. These values occur erratically and large tonnages of
vein material probably could not be mined economically from
the deposits.

In recent years, exploration activity in the

Magdalena-Tres Montosas area has been renewed in search




f possible porphyry copper mineralization and related
yge-metal deposits. The pdssibility that such
ineraligation occurs within the Silver Hill area is
ctremely unlikely because, except along the western margin,
he rock units are relatively unaltered and unmineralized.
owever, there is the possibility that a buried intrusive
ies to the west of the thesis area within the Mulligan
ulch graben. Hydrothermal alteration, felsic dikes and
pithermal veins containing small quantities of copper,
ilver, gold and lead occur along the western flank of the
raben from the Cat Mountain district in the south to the
ouncil Rock district in the north. Along the eastern flank
f the graben, the alteration is more restricted and may

e partially of supergene origin; pre-La Jara Peak
ineralization and felsic dikes appear to be absent.,
urthermore, a partially exposed mongonite pluton near Hale
riveway Well (Hale Well pluton) is unaltered and does not
ppear to be genetically related to hypogene alteration.
‘hus, exploration for possible large ore deposits should be
irected towards the western flank of the Mulligan Gulch

rraben.
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CONCLUSIONS

Investigation of the Silver Hill area has yielded
several important contributions to knowledge of the geologic
framework of the Magdalena—Tres Montosas area.

1) A new stratigraphic unit, named the unit of
‘Arroyo Montosa, has been mapped along the western boundary
of the thesis area, The unit is comprised of 2 facies:

a volcanic facies and a conglomerate facies. Originally,
the conglomerate facies was confused with similar-looking
conglomerates within the Popotosa Formation. However,

based on lack of La Jara Peak Andesite detritus, which is a

major constituent of the Popotosa Formation, the stratigraphic

position of the unit of Arroyo Montosa was deduced to be
below La Jara Peak Andesite. A K~Ar date of 25,2 f 1,2 m.y.
substantiates this conclusion. The unit of Arroyo Montosa
probably formed in a basin-and-range~type environment similar
to that present during deposition of the Popotosa Formation,
Thus, the onset of Basin and Range deformation in the
Magdalena area is at leastl very early Miocene.

2) The tuff of La Jencia Creek is limited to a
narrow, northeast-—trending zone through the central portion
of the thesis area, The zone is interpreted to be a
fault-controlled paleovalley present prior to deposition
of the tuff. Recognition of this paieovalley reinforces the
existence of a northeast-trending structural grain in the
Magdalena area in mid-Oligocene time. Preservation of la

Jara Peak Andesite in the central part of Silver Hill area
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can also be explained by the presence of the paleovalley.

3) Initial stages of formation of the Mulligan Gulch
craben apparently occurred in late Oligocene with movement
along the Hale Well fault. The embryonic graben undoubtedly
attained greater development during Basin and Range
deformation which, as suggested by the 25 m.y. date on the
unit of Arroyo Montosa, may have begun in very early
Miocene., Uplift of a major intra-~graben horst in Miocene
time modified the Mulligan Gulch graben and accounts for its
apparent shallow depth west of the thesis area. The graben
was further modified by the Hells Mesa fault later in the
Miocene Epoch.

4) Argillic alteration along the western margin of
the thesis area does not seem to be related genetically to
hydrothermal fluids derived from the Hale Well pluton.

Some of the argillic alteration may have resulted from
acidic solutions created by supergene oxidation of pyrite.
However, hypogene solutions which introduced the sulfur and
possibly the iron to make pyrite probably imparted some
argillization to the rocks also. Hence, the rocks may have
been originally altered by hypogene solutions, and
subsequently overprihted by alteration related to supergene
processes,

| 5) The paragenetic sequence of vein minerals indicates
that at least some chrysocolla and malachite formed earlier
than copper sulfides and thus may be of hypogene origin.

However, opposite paragenesis in a few samples supports a
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upergene origin, Galena and sphalerite, though present in
mall quantities, are late-stage minerals.

6) The Silver Hill area is one of the léss favorable
arts of the Magdalena district for base-metal exploration.
he Kelly Limestone, if present, lies at depths of 8200 to
2000 feet beneath the surface; hence, exploration for
ossible base-metal replacement deposits is not economically
easible. Epithermal vein deposits in La Jara feak Andesite
ack sufficient quantities of mineralization to be economic
nder present conditions. TLack of alteration away from the
astern boundary of the Mulligan Gulch graben, indicated from
rill hole data and detailed geologic mapping, suggests that
hé Silver Hill area is not prospective ground for

isseminated copper deposits.
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