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- ABSTRACT

The Silwver Hill area.is composed of generally eastward
dipping Oligocene and Miocene rocks. ZEroded fault blocks
expose tuffs and flows of the Datil volcanics and flows of”
La Jara Pezk Andesite; fanglomerates of the Popotosa
Formation £ill Miocene. block—~faulted basins. The unit of
Arroyo Montosa (early Miocene); congisting of interbedded
:conglomerates.and 1ava flows, is distinéuished from similar—
looking rocks of the Popotosa Formation on the basis of |
lithologic differences.. This newly_defined unit lies
stratigraphically between Ia Jara Peak Andesite and the Datil
volcanics. A late Oligoceme monzonite pluton intrudes |
altered Datil volcanics in the southwesfern‘portion of fhe
area. | | |

The predominant structural features of the Silver Hill‘
area are steeply dipping faults with_diverse trends.
Faulting is divided into four age periods: 1) middle
Oligocene, 2) late Oligocene, 3) early Miocene, and 4)
middle to late Miocene. A shallow graben formed by middle
Oligocene faults controlledj@eposition o£ the tuff of ILa
Jencia Creek, The Mulligan Gulch graben, bordexring the
western margin of the area, began to forﬁ in late Oligocene
and was modified by Mioccene faulting. Onset of Basin and
Range deformation may be extended to very early Miocene
in the Magdalena area. |

Iate Oligocene argillic alteration and pyritization

occur along the western margin of the Silver Hill area.



m™ya e

Some argillization may be related to supergene oxidation of
pyrite. Sulfur and most of the iron in pyrite were probably
introduced by hypogene solutions whieh‘appérgntly were not
related to the nearby monzonite intruéiven“ Paragenetic
relationships on Mioceﬁe vein mineralization sugges£ that
some of the assemblage chrysocolla-malachite-hematite is
hypogene. ZExcessive depths to the ¥Xelly Liﬁestone,
insufficient tonnage of vein mineralizatioﬁ, and limited
extent of altered rocks collectively indicate that the
Silver Hill arez is not a favorable target for mineral

exploration.



INTRODUCTION

Statement of the Problem

The purpose of this study is to map and describe 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 investigation
covers approximately 22 sguare miles and lieg within the -
Silver Hill and Arroyo Landavaéo 7.5~minute topographic
quadrangles. The boundaries are La Jencia Creek and Dry
Lake Canyon on the north, a north-south line between La
Jencia Creek and State Road 107 on the east, Boxcar Well
Road on the south, and a north-south line betw - :n Dry Lake
Canyon end Arroyo Landavaso on the west (fig. 1).

Access to the nérthern and eastern parts of the - sesis
area is provided by State Road 52. U.S. Highway 60 Lisects
the southern part, and the éouthern boundary of the area
can be reached by State Road 107. In addition, there are
numerous ranch roads and woodcutter's trails which connect
the western and eastern portions of the area. The larger

arroyos are also driveable.

Previous Investigations

A general reconnaigsance of the Datil and Gallinas
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Mountains, northwest of the Silver Hill area,was completed
by Herrick in 1898, In his repor? of 1900, he concluded
that the rocks were mostly trachyte and rhyolite intrusives.
In the San HMateo and Magdalena Mountaing, Lindgren, Graton
and Gordon (1910, p. 2%9) noted that the first volcanic
rocks of the Tertiary period were predominantly andesite;
later Fflows were mainly of rhyolitic composition. .Winéhester
(1920) measured a partial stratigraphic section of the
Tertiary rocks in the northern Bear Mountains and called
the entire‘sequence of andesite; trachyte and rhyolite
flows and intrusives; and some associated conglomerates and
sandsténes, the Datil Formation. The sedimentary rocks.of
the basal 684 feet of Winchester's section were later
separated by Wilpolt and others (1946) and named the Baca
Formation. '
:Mining activity was reported as early as 1919 in the
North Magdalena district (Pueblo Springs) (Weed, 1920).
Weed (1922) noted that the Copper Belt Silver and Copper
Mining Company, which owned 13 claims on the east slope of
Silver Hill, did a small amount of assessment work consisting
primarily of open cuts and shafis. Two holes were drilled
in 1925 to depths of 820 to 1042 feet (Weale, 1926). Both
holes bobtomed out in igneous rocks. iasky (1932) also
reviewed these claims and added that the prospects were’
aligned along a series of northwest-trending quartz veins
which cut the predominantly andesitic and quartz latitic

country rock. The mineralization, which included



argentite, chalcocite, covellite, chrysocolla and malachite,
ocecurred as small pockets and shoots in the veins and ﬁaS‘ |
structuially controlled by faults‘and fractures. ‘Some gol&
was also réported (Neale, 1926). In some concluﬂing
remarks, Lasky (1932)_§ostulated a hidden magmatic séurce
for the copper and silver mineralization possibly related

to the intrusives in the Kelly_area. The lasf reported
activity on the ﬁroperty was in 1927 (Howard, 1967, p. 201},
although numerous small-scale exploratory operations have
been carried out since then.

Toughlin and XKoschmann (1942) studied the Kelly area
in detail and published a compyehensive Professional Paper.
Phey noted that several Tertiary ﬁolcanié units presenf in
the Magdalena district extended to areas north and west
oubtside the district. A geoloéic summary of the Magdalena
miniﬁg district and discussion of the genesis of the
Linchburg orebody, located in the southern portion of the
district, were published by Titley (1959, 1961). Johnson
(1955) attempted to correlate several Tertiary volcanic
units in the ﬁagdalena district with those that crop out
in the Datil and Bear Mountains, On his geologic map, the
rocks of the eastern half of the Silver Hill area were
shown as Miocene upper latite.

Detailed stratigraphic work on the Datil Formation was.
conducted by Tonking (1957) in the Bear Mountains. He
.subdivided the formation into a basal Spears Ranch Member,

f
a middle Hells Mesa Member, and an upper La Jara Peak



Member, The La Jafa Peak Member was later reassigned to a
series of posit~Datil andesites and basalts by Willard
(1959) and Weber (1963), In the Silver Hill area, these
two investigators mistakenly correlated the La Jara Peak
Member with a "lower volcanic group" of Late Cretéceouse
early Tertiary age. Weber (1971) elevated the Datil
Formation to group status and noted that further mapping
would probably necessitate raising the. subdivisions to
formational rank.

Weber and Bassett (1963) published a preliminary
report on several K-Ar dates of Tertiary volcanic and
intrusive rocks in wesb—central New Mexico, One sample,
near the base of the Hells Mesa Member, was dated at
30,6 £ 1.2 m.,y. Kottlowski, Weber and Willard (1969)
dated a number of Datil and poétmDa%ii volcanic rocks
inclﬁding the Hells Mesa and Spears Ranch Members.. Chapin
(1971a) dated the ILa Jara Peak Andesite and discussed its
significance to mineral exploration. Fission track dates
for the Potato Canyon Rhyolite and a vitrophyre within the
A=L Peak Formation were determined by Smith and others
(2973).

Elston and others (1968, 1976) have1aftempted to fit
the Datil volcanlc rocks into an overall volcanic-tectonic
framéwork related to the development of the Mogolion Plateau
as a largeyscale, ring-dike complex. They noted in one of
their figures several source cauldrons for thé volcanic

rocks. In the San Mateo Mountains, Deal aﬁd Rhodes (1973)



have established two sdditional ash-flow cauldrons. One of
—these, the Mt, Withington cauldron, is believed {to be the
source for the ash flows within the A-IL Peék Formation.

In another article, Elston and‘others (1§73) ﬁave
interpreted the volcaniC‘rocks of the Datil Formation or
Group as consisting of 3 major volcanic episodes with the
~end of the last episode coincident with the beginning\of'
Basin and Range.faulting about 20 ﬁillion years ago. The
development of the Rio Grande rift and its infl&ence on
structural trends in the Magdaleha and Begr Mountains was
discussed by Chapin (1971b). A relationship between Basin
and'Range faulting, mid-Tertiary volcanism and plate .
tectonics was postulated by Elston (1972)f

Most fecently, a number of théses énd dissertations
\have discussed in detail specific areas around the Magdalena
distfict. Brown}(1972) completed an investigation of the
southern Bear Mountains. Part of thglaréa he mapped lies
directly north of the Silver Hill area and some of the
structure and volcanic units present in the-southern Bear
Mountains extend into the Silver Hill area. Woodward
(1973) mapped the Lemitar Mountains and described their
stratigraphic and structural relé%ionships to the Rio Grande
rift. The origin of the Popotosa Formation was the subject
of a ﬁissertation by Bruning (1973). Investigations of the
central Magdalena Mountains, the Cat Mountain-~Tres Montosas

area and the Council Rock district are being completed by

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



Chamberlin (in preparation). Blakestad (in preparation) is
remapping the Kelly district and Siemers (in preﬁaration)
is investigating the Paleozoic stratigraphy of the

Magdalena area,

Present Investigation

- The study of the Silver Hill area began with detailed
geologic mapping which was carried out during the summer.
and fall of 1972 and sporadically through the winter, spring
and summer of 1973. The Afroyo Iandavaso and Silver Hill
7.5~ninute topographic quadrangles (scale 1:24000) served

as base maps for field work. Aexrial photographs of the
GS~-VARJ (1963) series were used to locate outcrops and %o -
aid in structural inberpretation.

Petrographic workjconsisted of examining 49 thin
scetions from different rock units mapped in the thesis area.
The iL & E diamond-drill hoie located on the south slqpe of
Silver Hill (pl. 1) was logged by the author and Dr. C.E.
Ghapin;l21 thin sections were made and studied from
representative samples. For comparison, several thin
sections of core from the Crouch drill hole (sec. 7, To 2 S.,
R. 4 W.) were also examined. In addition, alteration
assemblages wexre checked in a suite‘Bf thin sections
collected from samples in a roadcut on U.S. Highway 60,

%.75 miles west of Magdalena,

Modal analyses were performed by J.E. Bruning on 2

samples ffom the Hale Well pluton and 14 samples from the

A-T: Peak Pormation obtained from +the Crouch drill hole. In



addition, the author performed modal analyses on 12 samples
from many of the volcanic units as a check on estimated
phenocryst and grouﬁdmass percentages. Approximately 2000
points per thin section were obtained from a squaré grid |
with 1/3~millimeter intervals. A4ll point counting was done
with a Swift automatic point counter attached to a Zeiss
microscope using a magnification of 31.25.

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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STRATTGRAPHY AND PETROLOGY

Pre-Tertiary Rocks

No rocks older than Teftiary are exposed within the
study afea. However, about 4 miles to thé east, on the
east side sf Granite Moﬁﬂtain and north of U.S. Highway 60,
outcrovs of Precaﬁbrian and Paleozoic‘Sedimentary rocks are
shown on the geologic map accompanying Professional. Paper
200 by Ioughlin and Koschmenn (1942), They show a
?aleozoic section beginning with the Kelly Limestone of
Mississipplan age and continuing through the Sandia and
Madera Formations of Pemmsylvanian age. However, recent
work indicates that most of this stratigraphic section is not
Pemnsylvanian but Permian in age (W.T. Siemers, R.B.
Blakestad and C.E. dﬁapin, 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 Limestone.
South of U.S. Highwa& 60, in the Kelly miniﬁg digtrict, the
Spears rest on the Abo Formation. West of the Silver Hill
-area andlabout 2 miles east of Tres Montosas, Wilkinson
(in preparation) shows a small area of Paleozoic rocks
wconformably overlain by the Spears Formation. The
1lithology 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
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Spears rests on the Baca Formation of Eocene age which, in
" turn, overlies a thick Mesozoic section. Thus, the Silver
Hill area is located on the north flank of a lLaramide

uplift which forms the southern edge of the Baca basin,

- Pertiary Rocks

The Tertiary sequence iﬁ 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) fiils
block~faulted basins of Miocene age,‘ Pediment gravels of
late Pliocene and Quaternary age mark the end of the

-

Tertiary Period.

The sedimenfarg‘and volcanic rocks are divided into
the Baca Fofmation (Bocene), the Datil volcaniecs (Oligocene),
the La Jara Peak Andesite (early Miocene) and the Santa Pe
Group (Miocene-Pliocene). The Baca and Spears Formations
are not exposed within the thesis érea. The Tertiary rock

units mapped in the Silver Hill area, w'th the exception of

‘intrusiwe bodies, are shown diagrammatically in fig. 2.

" Hells Mesa Formation
'The oldest rocks exposed in the Silver Hill area are
rhyoiitic and quartz latitic ash-flow tuffs beionging fo
the Hells liesa Formation of mid-0ligocene 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



1P

PLIOCENE pediment gravels {late Plilocene-Quaternary)
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Figure 2 - Generalized stratigraphic column of the Tertiary

rock units exposed in the Silver Hill area; intrusive rocks
Figure shows stratigraphlc posltion only;

relative thlicknesses not indilcated. :

excluded,



section and called the unit a member of the Datil Formation.
Since then, the Datil Formation has been elevated bo eroup
status and thg Hells Mesa given férmational rank. USing
the terminoiogy adopted by Brown {1972), the Hells Mesa ‘
Formgtion consisted of the tuff of Goat Springs; the tuff of
Bear Springs, some interbedded andesite flows and the tuff
of Allen Well. Subsequent agreement among the %ariqus
geologists mapping in the Magdalena area has restricted use
of the term Hells Mesa'to the basal crystal-rich, gquartz-
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's type
section have been assigned to the A~L Peak Formation (Deal
and Rhodes, 1973; Chapin %nd others; in preparation); the
A-L Peak correlateé with Brown's (1972) tuff of Bear Springs
and tuff of Allem Well. X-Ar dates on the Hells Mesa
Pormation vary from 30.6 X 1.2 m.,y. in Tonking's type
seétion to 32.4 % 1.5 m.y. in the Joyita Hills (Webver, 1971)f

The only outcrops of Hells Mesa exposed in the thesis
.area occ&% in a group of hills bordering Arxroyo Montosa in
the north~central portion of the map area (pl. 1). The
outcrops form a thin band bounded on the west by a north-
trending normal fault and on the east by overlying ash~flow
tuffs. To the south, the unit disappears beneath talﬁs
cones of the A-L Peak Formation and to the north it is
covered by recent alluvium along La Jencia Creek.

The Hells Mesa forms small ledges and weathers to



massive blocky talus.  The color wvaries from pale purple in
fresh hand specimens to very pale orange in altered hand
specimens. Weatheréd surfaces have grayish tints.
Charaéteristically, the unit is modera%ely to densely
welded and contains approximately 40 to-SO’percent crystals
and crystal fragments. FPhenocrysts include saﬁi@ine,
plagioclase, quartz and biotite. The average ﬁhenocryst
size ranges from.z to 3 millimeters butb occaéional quartz
"eyes" measure as much as 6 millimeters in diameter.

Lithic fragments are abundant near the base; pumice is
present but not conspicuous.

In thin section, the texture is porphyritic with é
devitrified groundmass crowded with small brokeﬁ érysfal
fragments. Anhedral and subhedral Sapidine cr&stals
dominate the tofal phenocg&st content and show slight to
moderate degrees of alteration to clay. Quartz is usually
founded and embayed and comprises 10 to 15 volume percent of
the total rock. Plagioclase grains are often euhedral and
intensely altered to-clays and calcifte. Simple albite
twinning is common but combiﬁed carlshad-alblite twinning
also odcur%. The anorthite content of plagioclése'was
determined using the Fougue” method on 5 crystals; the
average composition is An38, or sodic andesine.. When
present, yellow~brown biotite ranges from 1 to 2 perceﬁt and
occurs as small laths, either partially or totally replaced
by megnetite and hematite. Iithic fragments resembling

dark gray andesites of the Spears Formation contain altered



plagioclase phenodrysts and have an opaque, hematized
groundmass. Pseudomorphs of limonite after pyrite were

observed within several fragments in 1 thin section.

-VA-; Peak Formation

The A-~-L Peak Formation is a_composite ash—flow sheet
(R.L. Smith, 1960) with widespread occurrence in southwesbtern
Socorro County. The formation was ﬁamed after A-L Peak in
the northern San Mateo Mountains by Deal and Rhodes (1973).
They described thelformation as a sequence of crystalmboor_
ash~-flow tuffs unconformably overlying the Hells Mesa
Formation with a total thickness of 1970 to 2300 feet, {600
to 700 meters). A 31.8Ai 1.7 m.y. figsion track date (B.I.
Smith and others, 1973) obtained from the basal vitrophyre
of A-L Peak Formation is in good agreeﬁent with the 30,6
to 32.4 ﬁ,y. E-Ar dates on the underlying Hells Mésa
Formation. |

The Mt. Withington cauldron in {he northern San Mateo
Mountains is suggested as the source of the A-I Peak ash
flows by Deal and Rhodes (1973). In the thesis area, two
north-gsouth flow trends determined from lineated pumice in o
AFL‘Peak tuffs indicate a diréction consistent with the
location of the c;ﬁldron (pl. 1). -

Outward from the San Mateo Mountains, the A-L Peak
Formation is thiﬁner, and andesite flows and crystal-rich
ash flows are interstratified, 1In the southern Bear
Mountains, the A-L Peak Formation, formerly called the tuff

of Bear Springs (Brown, 1972), attains a thickness of



approximately 1000 feet and was subdivided by Brown inbto 6
members. Woodward (1973%) recognizes 8 members in the
Lemitax Mowntains, 15 ﬁiles east of Magdaleha! where the
unit hag a maximum thickness approaching 1400 feet,

In the Silver Hill areé, the A~L Peak Formation is
difidéd into 6 members which are, in ascending order? theg
1) gray massive member, 2} tuff of Ia Jencia Creek, 3) flow=

banded member, 4) pumiceous member, 5) interbedded andesite
| flow, and 6) tuff of Allen Well., An undifferentiated unit
is mapped when a clear distinction between the gray massive
member- -and the flow-banded memﬁer cannot be made, This unit
is shown only on the geologic map and_is not described in
the text. Thickness of the A~-L Peak Formation in the thesis
area is difficult to. determine accurately because of fzults
and 1imited exposures; a reagonable estimate is 700 to 900

feet,

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

Peak Formation in the Silyer Hill area is a massive,
crystal-poor, rhyolitic ash-flow tuff, Basal andesite flows
observed in surrounding areas (Brown, 1972; Woddward, 1973;
Krewedl, in p@eparation; Chapin and others, in prepération)
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 were also
encountered in the Crouch and Ll & Eldiamondwdrill holes

(see pl. 1). The member is a multiple~flow compound cooling



unit and the individual flows forﬁ small ledges or, more
Pypically, weathered, platy outcrops which comprise the
dip slopes of ridges. Usually, the tuff is 1light gray but
densely welded portions are darker and slightly reddish-
browvn. Altered outcrops have orange-pink to very pale
yellow hues,

The unit 1s characterized in both hand specimen and
thin section by a distinct paucity of crystals. Phénoorysts
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 quartz, biotité and
occasipnally plagioclase also occur. Andesitic and rhyolitic
lithic fragments are observed in portions of the unit.,

Microscopically, sanidine occurs as subhedral to
euhedral crystals, commonly twinned and ranging in size from
1 to.2 millimeters. Sanidine content varies between 3 and
9 percent of the tota%_rock volume, The crystals are often
a dusty brown color in plane light dﬁe to submicroscopic
clay particles. Microperthitic texture is frequently
obsexved., 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. |

Aphedral quartz crystals less than 1 millimeter in
diameter are present in most samﬁles. A few grains show
slight embayment and holes filled with groundmass crystallites;
Quartz xinerally makes up less than 2 percent of the total

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




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 the |
Crouch drill hole, the biotite is brownish and essentially
unaltered, but a few laths are slightly hematized along
cleavage traces and fractures.

Plagioclasz is rare, but when present, it_is frequently
altered to calcite or partially etched. Tﬁe composition of
the plagioclase could not be determined.

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

Devitrified glass shards and cryptocrystalline %o
microcrystalline aggréga%es of potash feldspar and quartz
usually comprise a 1érge majority of the groundmass. The
glass shards are more conspicuous in some thin sections than
in others andsare frequently compressed and deformed.
Locally, gas pockets filled with euhedral crystals of potash
feldspar, quartz and occasionally biotite can be seen,
Interstitial calcite and brownish dust constitute the

remainder of the groundmass.

Tuff of La Jencia Creek. Welded to the gray massive-

member is a crystal-rich ash-flow tuff designated the tuff.



of La Jencia Creek (Brown, 1972). The exact position of
this tuff within the lower paxrt of the A-L Peak Formation
is not known., In the southern Beér Mountains, the tuff of
Ta Jencia dreek is missing and the gray massive member is
overlain by the flow-banded member (Brown, 1972). A similar
éequence was observed by Woodward (l973j in the Lemitar
Mountains. Where the tuff of La Jencia Creek crdps out in
the thesis area, no overlying units can be seen.' The two
most likely alternatives are: 1) that the tuff occurs
interbedded within the gray massive member, or 2)‘that the
tuff lies between the gray massive member and the flow~
banded member., With the information available, it is
doubtfui this problem can be resolved. Therefore, the tuff
of La Jencia Creek has been arbiﬁrarily assigned a position
between the gray massive member and floﬁmbanded members.
'The tuff of Ta Jeﬁcia Creek usually crops oub as
discontinuous ledges whigh weather 1o platy slabs and
occasionally form dip slopes of small hills., In some
outcrops, such as ones in sec. 8, T. 2 S., R. 4 W. and sec.
24, T. 2,5., R. 5 V., the welded contact with the gray
_ massive member can be seen. At the contact, a pumiceous and
relatively crystal~poor zone at the top of the gray massive
member grades into less pumiceous crystal—rich rock of the
tuff of lLa Jencia Creek. Total thickness of this transitioﬁ
ranges from 2 to 4 feet, Fresh hand specimené froﬁ both
zones aré‘typically densely welded and have a reddish-puxple

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 La'Jeﬁcia Creek are
listed in table 1 and shown in fig. 3. A photbgfaph of the
welded contact is shown in fig. 4. ' V |

| In thin section, the tuff of La Jencia Greeklis a
porphyritic quaftz latite with phenocrysts of sanidine,
plagioclasé, guartz and biotite in a devitrified, aphanitic
groundmass, Crystal conteht generally ranges from 35 to 40
percent in the cfys%al-rich zone to 25 pevcent in the
transition zone. Otherwise, the two zones are mineralogically
identical. DTypically, sanidine is more abundénﬁ than
plagioclase, and accessory magnefife and orthopyroxene are
present in many of the thin sectionék"

Sanidine crystals are generally anhedral and subhedral,
and average from 1 to 2 millimeters in 1ength; Most grains
-appear to be quite fresh with only minor incipient calcite
along fractures., gTwinning in sanidine is uncommon.
Plagioclase is usually larger than sanidine and ocours
primarily~as subhedral crystgls, The degree of alteration
varies from moderate to intense and frequently the entire
crystal is replaced by calcite and fine—grained aggregates
of guartz. Phenocrysts of angular gquarts, odcasionally
smbrouhded, range up to 3 millimeters in diameter, with the
average being 1.5 to 2 millimeters., Scattered laths of
fresh and slighﬁly altered, yellow-brown biotite also occur,

Very fine-grained magnetite 'is often present as borders



Table 1 - Modal data in volume percent for the tuff of Ia Jencia Creek and the upper part
of the gray massive member from the Crouch drill hole.

WO -~ U W

Base of sequence

Sample Total, Phenocryst Proportions ,
aambex phenocrj%ts* Sanidine ZPlagioclase Quarts Mafics Pumice Total
‘ and points
Opaques counted
Top of tuff of La Jencia Creek
M~T74-4 - 30034 16.64 6,57 3.95 3,18 - 6.80 2176
M~T4=5 40,73 118,86 11.83 5.58 4.46 4,83 2131 -
M~T46 - 44,60 19.82 11.78 9.04 3.96 1.43 2301
M-T4-7 36,93 18.26 13.74 1.2% 3.72 0.90 2234
M~74-8 39.21 20.47 10.59 5.06 3.09 .42 2135
MwT4-9 37.44 - 23.08 8.90 2+48 2.98 2.52 . 2179
M-T74-10~1 37.20 17.70 10.90 6.10 2.50 6,20 1000
M~T74~11 5746 18.32 10,11 5.97 3.46 1.03 1938
M=T4=-12 36,91 17.30 11.13% %.08 5.40C 10.12 2075
10 M-74~13 35.60 14.90  13.76 2.90 4.04 9,21 2107
11 M-74-14 27.02 11.09 11.82 0.32 3.79 '2.25 2191
Welded contact with gray massive member
12 M=74-15 12.44 9.87 0.46 1.45 " 0,66 15,76 2411
13 M~T74~16 9.47 738 0.35 1.26 0.48 6.91 2302
R M—~T74~17 - 5.65 0.33. 1.66 .45 0.12 2409

¥ remainder of rock is groundmass, lithic fragments and crystal clots,
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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.



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 Pesak 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, pumlice-poor tuff which is typlcal of the gray massive
member, C
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around biotite.

Pumice is aﬁundant.and highly compressed towards the
basal contact of the tuff. Andesitic 1ithi§ fragments as
much as 1 centimeter in diasmeter and moderately altered
oceur in a large méjority of the thin sections. The
groundmass is usually devitrified, Compaction structures
can be seen, éléhough they are generally less well-developed ‘
than in other members of the A-L Peak Formation.

A true thickness of the tuff of La Jencia. Creek cannot
be debermined from surface exposures. Partial thicknesses
range from 5 feet to approximately 80 feet-(cross—sectibn
¢~C', pl. 1). However, in the Crouch drili hole (see pl. 1),
a 206-foot section of the nearly flat-lying tuff was |
obgerved. The upper contact is a major erosional unconformity
at the base of the la Jara Peak Andesite; a thin layer 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 ILa Jencié Creek occur along .

a crudely developed, northeast-trending bhelt which transects
the central portion of the thesis area (see pl. 1). The
belt is approximafely 2 mileé wide and discoptinﬁous, being-
p%rtially obscured by La Jara Peak Andes%te. To the
southwest, the belt is truncated by the nortﬁntrending Hale
Well fault (pl. 1 and fig. 11, p. 68). However, outcréps

of the.tuff of La Jencia Creek continue outside the map

area to the northeast (C.E, Chapin, oral commun., 1973).

The limited geographic distribution of the tuff of Ta Jencia
Creek suggests that the tuff was deposited in a paleovalley



which is interpreted to be fault-controlled but may be
entirely a result of differential erosion. Other examples
of a paleovalley during A-L Peak time are located iﬁ the |
Lemitar Mountains (Woodward, 1973), and in a northwest -
extension of Stendel Ridge in the Kelly district (R.B.
Blakestad;, oral commun., 1973). The Stendel Ridge
paleovalley was faultwcontroiled whereas the paleovalley in

the Lemitar Mountains formed by erosion.

Flow~banded Member. The flow-banded member of the A-L

Peak Formation is a densely welded, crystal~poor, ash~flow
tuff with a conspicubus streaky and banded appearance

(fig. 5).. A similar unit is recognized in several localities
in the Magdalenas area and in the Lemitar Mountains. MWMappable
outcrops of the flow~banded member in the the51s area are
limited to a narrow ridge bordering Arroyo Landavago north
of Léndavaso Reservoir. Outcrops of a platy, densely

welded tuff along La Jencia Oreek (sec. 6, Te 2 S., R. 4 V.)
may also belong to the flow-banded member but are shown as
AT Peak undifferentiated on pl. 1. A flow-banded tuff also
occurs near the bottom of the LL & E drill hole located on
the southwest slope of Silver Hill (pl, 1).

A measured section in the southern Bear Mountains
(Brown, 1972) shows the flow-banded member overlying and
welded to the gray massive member.. Poor exposures obscure
this relationship in the Siliver Hill area.

The fest surface exposure of the flow-banded tuff in

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



3.75 miles west of Magdalena. At the western end of the
roadcut, the tuff is massive and relatively fresh (fig. 5),.
whereaé to the east, it is altered and severely fractured
(see fig. 15, p. 82). ILimonite 'and occasionally epidote
are found on fracture surfaces in the eastern section of the
roadcut. The tuff, where fresh, is 1ighf purplish-~gray and'
contains a few feldspar crystals, Lithic fragments and
elongate, dark, lenfticular streaks. These streaks may
A fepresent low pressure areas formed during flowage along
which volatiles accumulated. ' |

Petrographically, the flow-banded member varies from
rhyolite to latite with phenocrysts of sanidine, plagioclase
and-quartz in a cryptocrystalline groundmass. The
phenocrys’t confent is variable and ranges from 1 to 6
volume percent. Compressed pumice and crystal clots
‘constitute 20 to 30 volume percent. Andesitic lithice
fragments are presgent in minor émounts and typically contain
altered, euhedral,.plagioclase laths in an opague matrix;
lithic fragments of iightncolored intrusiﬁe roci?are also
present. |

-t Sanidine, commonly microperthitic, occurs.as subhedral

to euhedfal crystals which average less than 1 millimeter
in diamefer. Plagioclase is occasionally present in minoxr
amounts and shows a variety of twinning and alterat;on;
Scarce gquartz crystals are anhedral and occasionally

slightly embayed. The groundmass is composed primarily of

microcrystalline quartz and potash feldspar with locally
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Figure 5 - FPlow-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. ,

L



conspicuous devitrified glass shards. Small amounts of
calcite and submicroscopic material which may be finely

divided dust occur interstitially.

fumiceous Member. The pumiceous member of the_AuL‘
~Peak Formation is a densely welded, crystal-poor, ash~flow
tuff eguivalent to the upper tuff of Bear Springs in the
southern Bear Mountains (Brown, 1972). Outcrops of the
pumiceons member occur primearily near Allen Well which is
located in the northwest corner of the thesis ares,
Additional outcrops are preseﬁt 2 miles sbuﬁh of Allen Wéll
in sec, 12, . 2 S., R. 5 W. In the Bear Mountains, the
pumiceous member is separated from the f;ow~banded member
by éndesite flows but these flows are not observed in the
study area. The upper contact of the pumiceous member is
irregular, and apparently represents a paleoerosion surface
with a gently rolling topography. Andesite flows and the fuff
of Al;en.Well can be seén in depositional contact with'the
pumiceous member in outcrops along the lower reaches of
Council Rock Arroyo (sec. 1, T, 2 S.y 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 measuremenf in the Silver Hill areas
thickness determined by Brown (1972) was used in ¢ross-
sections A-A' and B~B! (pl. 1).

The pnit cropé out as ledges and small éliffs which
weather to a grus of small pléty fragments. Fresh samples

are purplish-gray and contain abundant lineated pumice and




a few phenocrysts of feldspar. On weathered surfaces,

the pumice is frequently etched. Altered samples are

usually yellowish-brown; inténsel& bleached samples are
white, Whén pumice and phenocrysts are obliterated by
bleaching, the tuff can be confused with caliche capping
nearby pediment gravels. Bleached samples charactéristically
show hematite staining fractures and cubic outlines of

p&riﬁe pseudomorphs with a halo of limonite.

Microscopically, the pumiceous member is rhyolitic in
composition., Thin sections of fresh samples have a
porphyritic texture with a cryptodrystalline to
microcrystalline groundmass. Phenocrysts of sanidine,
varying in size from 0.5 to 2 millimeters, constitute less
than % percent of the total rock‘volume, Flattened pumice
and cfystal clobs 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 1
millimeter in length; pumice and crystal clots are obscured,
and coarse~grained intergrowths of potash feldspar and
guartz compose the groundmass, Limonite pseundomorphs after
pyrite are moderately abundant., Near silicified portions of
the tuff, potash feldsﬁar in the groundmass freguently occurs
ag radiating, fibrous crystals which may representA
recrystallization. In addition, sanidine contains specks

which have high birefringence, high relief and parallel



extinction. These gpecks are thought to be sericite.

Andesite Flows., Thin andesite flows gnd volcapiclastic
sandstones of andesitic compbsition occur near Allen Well,
These andesites occupy a cooling break hetween ash flows of
the pumiceous member and the‘ﬁuff of Allen Well. The
andesites are absent elsewhere in the thesis area. The
andesite flows occur as discontinuous outcrops iﬁdicating
that the flows filled bopographic lows develéped in the
vnderlying pumiceous member, | '

The andesites are typically poorly exposed although
good exposures occur along Dry Lake Canyon.(secc 36, Ts 1 S.,
R. 5 W., unsurveyed). _Outcrops show varying degrees of
alteration and consequently form either depressions between
more resistant tuffs or small rounded ledges. Thin basal
flow_brecciés are present locally. Hand speéimens are
mediﬁm gray on fresh surfaces and reddish- to yellowish~
brown when altered.

Microscopically; the andesites contain scattered
phenocrysts of oxidiged ﬁyroxene about 0.5 millimeter long
in a felty groundmass of plagioclase microliﬁés. fhe
centers of the pyroxene are totally altered to calcite and
a fibrous variety of chlorite, possibly pennine. Opaque.
iron oxides form the perimeter. Plagioclase microlités
about 0.2 millimeter long are frequently twinned and show a
range in composition from Angs to Angq. Most of the |
plagioclase is moderately albered to calcite.

Thin layers of volcaniclastic sandstone occur



randomly near the top of the andesite flows. In hand
specimen, the sandstones are fine~ to medium~grained with
colors similar to those of the an&esifes.' Microscopically,
the sandstones consist primarily of quartz'and feldspar‘
with a fine-grained cement of granulaﬁ chert and calcite.

" Epidote and a zeolite occur in small amounts.

The andesite flows exhibit effects of weak
argillization which can be seen in outlcrops along Dry Lake .
Canyon as irregular discolored patches thought to have
formed from channelized solutions (C.E. Chapin, éral_commune,
1975) (fig. 6). 1In places, these solutioﬁs appear to have |
favored the more permeable sandstone layers, but prébably
are controlled by fractures which transect both the andesites

apa the sandstones,

Tuff of Allen VWell, The uppermost member of the A-L

Peak Formation is a crystal-rich ash-flow tuff named the
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.).

Thé tuff of Allen Well cfops oﬁt as cliffs and ledges
and weathers to blocky talus similar to the Hells Mesa
Fg;mgtion which it strongly resembles. Excellent exposures
occeur within Council Rock Arroyo and along the north bank of
Dry Lake Canyon at the northerp boundary of the thesis area.
An accurafe thickness of the tuff cannot be obtained

because the top-of the unit is not exposed. A partial



Pigure 6 ~ Outcrop of partially altered andesite near Allen
Well. 'Tan areas are bleached and exhibit weak argillic
alteration; gray areas are relatively fresh andesite.
Channeling of solubions along fractures probably produced
the contrasting alteration effects.
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thickness of about 100 feet is indicabed on cross—section
A-A' (pl. 1), although the tuff is usually a’t;oilt 60 to 70
feet thick, | |

In hand specimen, the tuff of Allen Well closely
resembles tuffs of the Hells Mesa Formation but the -
groundmass of Hells Mesa tuffs are more crowded with small
crystal fragments. The tuff of La Jencia Creek is also
similar to the tuff of Allen VWell, Both of these tuffs
contain more biotite and are slightly less cr&stal~rich“
than Hells Mesa tuffs. Distiﬁction between these three
units is not easiiy made except where stratigraphic
relationships can be seen. Fresh hand specimens are pale
purple to purplish-gray and weéther pale brown. Samples of
altered tuff are typically mottled brownish-yellow.:
Phenocrysts are more conspicuous iﬁ‘fresh sampleé than in
‘altered samples and counsist of sanidine, plagioclase,
guartz and bictite. The latter two minerals increase
slightly in abundance from the base to the top of the uﬁit.

Microscopically; the tuff of Allen Well is a
cryptocrystalline quartz latite with a porphyritic texﬁﬁre;
‘Sanidine is the most abundant phenocryst and'comprises from
15 to 20 volume percent of the rock; it'qccurs as anhedral
and subhedral crystal fragments with aﬁ averége sige of 1L
millimeter. Minor amounts of clay and sericitic alteration
can be seen in most grains with clay alteration the more
abundant. Intensely altered crystals appear as cavities

partially rimmed with remnants of original sanidine.
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Plagioclase, less abundant and smaller than sanidine,

usuvally occurs as subhedral crystals. Size of the
‘plagioclase crystals is guite variable, averaging less than
1 millimeter in some thin sections to about 2 millimeters

in others. Caicite and clay alteration are common and, in ‘
one thin section of altered tuff, the plagioclase has been
partially corroded in the center. Quartz occurs as anhedral
and subhedral crystals which are often rounded and partially
resorbed. The crystals range in size from less than 1
millimeter to 5 millimeters in diameter with an average of
about 2 millimeters. Total volume varieé between 3 and 10
percent. Yellow-brown biotite is common and occurs as
euhedral laths which aﬁerage about 1 millimeter in length,
but may be as large as 3 millimeters. In thin sections of
alte;ed tuff, biotite has a ragged appearance with.-occasional
inelusions of rutile. A fine-grained mixture of ééricite and
liwonite often surrounds these grainé. A devitrified
groundmass constitutes 60 to 65 percent of the total volume
of the rock. Limonite pseudomorphs after pyrite, and patches.

and bands of iron oxide are 1ocally abundant.

Andesite of Iandavaso Reservoir
‘Phe. andesite of Tandavaso Reservoir, named for
Tandavaso 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 andesite
is correlative with several units mapped and described by

Loughlin and Xoschmann (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 Formatiqn. The
andesite of Landavaso Reservoir is.also 6bserved 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 tﬁe north, scattered outcrops
border the western margin of the thesis area from the )
southern boundary of sec. 25, T. 2 S., R. 5 W. o Hill "7048"
approximately 2 miles to the north (pl. l).A Near Landavaso
"Reservolir, the andesite overlies the flow-banded member of
the A-L Peak Formation and ié overlain by the upper tuffs.
Maxirum thickness indicated on cross-section D-D!' (pl. 1) is
800 feet. Woodward (1973) records a similar thickness in .
~the Lemitar Mountains where a correlative andesite occuples
a paleovalley; outside the paleovalley, the andesite is only
about 20 feet thick., The andesite of Landavaso Reservolr
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 andesgite of-Landavaso Resexrvoir
forms hills with ledges and small.cliffs which weather to "
slopes of blocky talus. FPoor exposures are partially
covered by pediment gravels and usually can be found only

with the use of aswrial photographs.
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The andesite of Landavaso Reservoir ig composed of a
number of individual flows which are highly variable in |
composition and appearance. Thickness and aerial exfent
of the flows cannot be determined because of limited and
discontinuous outcrops. Basal flow breccias are quite
common., A dense, black vitrophyre with a zone of
alternating dark and light bands, ranging from 1 milliméter
to 2 centimeteré in width, occurs on Hill "6924" in the
extreme southeastern corner of the thesis area. Samples
from massive portions of flows vary considerably in color.
Fresh surfaces are commonly shades of reddish-gray or gray
and weather light brownish-gray. WNear faults, colors -
frequently become black or dark brown. Irregular bands of
hematite staining are a common feature of most outcrops.

Micfoscopically, the texture of the andesite is
porphyritic with phenocrysts arranged in a felty to
pilotaxitic groundmass. Phénocrysts ﬁsually comprise from
15 to 40 percent of the total rock volume and consist of
plagioclase, pyroxené, 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 euvhedral and ranges in length from
less than 1 millimeter to 6 millimeters. Zoning with more
calcic cores is freqﬁently observed.and ig quité pronounced
in untwinned crystals. Albteration is present in varying
degrees but a large number of the phenocrysts are fresh.

Calcite and clay axre typical alteratlon products and occupy



cracks and transverse.fractures through the phenocrystis.
Chlorit;c alteration is rare., The composition of the
plagioclase was measured by the Fougue” method on several
unaltered crystals in each thin section. The anorthite
content ranged from Any,y to Angy with most occurring in the
An47 to Anggy range. ' .

Pale green plinopyroxene occurs in a majority of the
thin sections and is usually subordinate in amount to
plagioclase., The crystals, occasionally glomeroporphyritic,
vary from subhedral to euhedral and average from I fto 1.5
millimeters in greatest dimension. Measurements of
extinction angles (znc) range from 36 to 44 degrees with
optic angles (2V) of 40 to 50 degrees. These figures are
compatible with those of augite, subcalcic augite or ferroan
augité (Heinrich; 1965, p. 218). Ai%ération products
consist primarily of calcite and hemaﬁité with minor amounts
of chlorite and magnetite, Iight brown hormnblende and
vermicular celadonite (Loughlin and Koschmann, 1942) are
seen in 2 thin ‘sections (fig; T)e |

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

Hornblende phenoérysts are rare, qcéurring in only 1

thin section. The phenoccrysts are euhedral and range from



Pigure 7 - Photomicrograph of clinopyroxene phenocryst in
the andesite of Landavaso Reservoir showing alteration to
vermicular celadonite (center of crystal) {(X-nicols, x80

magnification).



2 to 8 millimeters in length. All crystals are completely
altered to chlorite and calcite in the core and rimmed by |
fine-grained magnetite. A few specks of biotite occﬁr
inside some grains. , .

The groundmass is'composed primarily of plagioclase-
microlites with interstitial pyroxene and magnetite;
Cryptocrystalling and glassy groundmasses occur less’ _
fregquently, A fine dust of hematite is. present in most thin
sectlons, _

From the petrographic data, it is possible to divide
the andesite of Landavaso Reservoir into 4 different typgs
of flows based upon the major phenocrysts: 1) plagioclase-"
pyroxene, 2) plagioclase~biotite, 3) plagioclase-pyrozene-
‘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 N

The uwpper tuffs (C.E. Chapin, oral commun., 1972)
is an informal name proposed for a series of variable
crystal-rich and crystal-~poor ash~f}ow tuffs overlying fhe
andesite of Landavasb Reservoir. These tuffs may be
correlative to the Potato Canyon Rh&olite described by .
Dezal and Ruhodes (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 havé noticeably less

crystals than most crystal-poor tuffs of the Potato Canyon
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Rhyolite. These outcrops may be eguivalent to the Beartrap
Canyon Formation (Deal and Rhodes, 1973) which overlies the
Potato Canyon Rhyolite and fills the moat of the Mt.
Withington cauldron. An exact stratigraphic correlation of
the upper tuffs fto either the Potato Canyon Rhyolité oxr the
Beartrap Canyon Formation is not possible at this fime |
owing to discontinuous exposures and ambiéuous stratigraphic
relationships. Andesites, similar in stratigraphic position
to the andesite of Landavaso Reservoir, are overlain by
lithologically variable tuffs in the Temitar. Mountains
(Woodwérd, 1973)- Woodward correlates these units with the
andesite of landavaso Reservoir and the Potato Canyoﬁ Rhyolite,
respectively. Woodward also recogniges a distinctive
crystal-poor tuff within the Potato Canyon Rhyolite which may
be similar %o the distinctive crystal-poor tuff within the '
.upper tuffs in the Silver ﬁill area, Rocks similar to upper
tuffs are also observed in several other locaiities in the
Magdalena area including the Cat Mountéin—Grey Hill area
(Wilkinson, in_preparation) and the Magdalena Mountains
(Krewedl, in preparation; R.B. Blakestad, oral commun., 1973).
The upper tuffs have a minimum thickness of approximately
600 feet, as estimated from cross~section D-D* (p1. 1).
However, maximum thickness may be much gfeater. Thickness
of the Potato Canyon Rhyolite in the northern San Mateo
Mountains is approximately 3280 to 5575 feet (1000 t0.1700
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 have not been
dated radiometrically. However, a sample from 200 feet _
above the base of the Potato Canyon Rhyoliteuin the type
Locality yielded a fiséion track date of 30.% I 1.6 Mm.¥o
(Smith and others, 1973).

The upper tuffs-are best exposed in the southwestern
part oi the thesis area. They form resistant ledges and
¢liffs and weather to blocks bounded by joint surfaces.

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

to crystal-poor east of Arroyo Landavasc where they overlie
the andesite of Landavaso Reservoir. The crystal-rich
varieties are light gray to light brownish-gray on fresh
surfaces and weather pinkish~tan or light grayish-purple.
.Samples are typically densely welded and contalin phenocrysts
of colorless and smoky guartz, chatoyant sanidine (moonstone),
plagioclase and copper—coiored hiotite. . Sanidine is

usually the most abuﬁdant phenocryst but some varieties
contain as much as 15 percent guartz. The crystal-poor
tuffs can be divided into a basal unit and an upper unit.
The basal unit directly overlies the andesite of Landavaso
Reservoir and attains a thickness of about 250 feet. PTuffs
in this unit are poorly welded, gfayishwwhite to light
purple, and are characterized by abundant, botryocidal
pumice. On weathered surfaces, the pumice is partially

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, cbmpressed, botrycidal
pumice also occur. The crystal-poor tuffs usually have-
phenocrysts of chato&ant blue sanidine, quar#z, nlagioclase
and rare biotite.

Small outcrops of upper tuffs also occur along a
north-trending fault zone from Hale Driveway Well to Hill
"7048" (pl. 1). The outcrops are poorly exposed and in most
1nstances rest on the andesite of Landavaso Reservoir. One
isolated outcrop is highly silicified and is lnterpreted to
be a fault sliver (fig. 8). Along the fault zone, both
crystal-rich and crystal~poor varieties are present. Fresh
hand specimens are typically light gray and weather
browvnish-gray. Phenocrysts are chatoyant blue sanidine,
plagioclase 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 Vell near U.S. Highway 60 and 1 mile south of
Rabbe Well (sec. 31, 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 orangishe-pink air-fall tuff
is pfesent 1 mile east of Boxcar Well in the southern paﬁt
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., Phenocrysts of



Figure 8 — Silicified fault sliver of upper tuffs (Tut;
(foreground) along an early Miocene fault (dashed line
which crosses hill "7048", 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
movenment on the fault and resulited in the entrapment of
blocks of older rocks between younger rocks within the
fault zone. XKnob of andesite of Landavaso Reservoir (Tlr)
on skyline is a paleohigh projecting above lLa Jara Pesk
Andesite (T1p) to right. View is to the north,
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sanidine and gquartz are scarce.

In thin section, the upper tuffs are rhyolitic with a
porphyritic texture and a devitrified microcrystalline
groundmass, Phenocryst content varies from 6 to 35 volume
vercent, Sanidine.is frequehtly the most abundant
phenocryst and occurs as anhedral to euhedral crystals.
Although commonly fresh, a few crystals show minor clay
alteration along cleavage cracks. Quartz in some samples lis
more abundant than sanidine. The gquartz grains are often
rounded and range in size from 0.2 millimeter to 3
millimeters. Both sanidine and quartz show effects of _
regorbtion. 'Plagioclase is minor in amount but frequently’
fresh. Zwo measurements of extinction angles gave |
compositiohs of An35 and Anzq. Biotite wvaries from absent
to 3 percent of the total rock volume. Typically, it is
‘partially or totally altered to opagues or chlorite. The
groundmass is composed primarily of microcrystalline .
agegregates of potash feldspar and quartz. In some thin
sections, spherulitib 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 gdnglomerates
occur along the western margin of the thesis area (pl.vl).
These outcrops have been tentatively desighated 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 counglomerates of the
Popotosa Formation contain abundant fragments of La Jara
Peak Andesite., Field work by the author and d.E. Chapin
has shown that: 1) the Arroyo Montosa conglomerates lack
clasts definitely recognizable as La Jara Peak Andésite,
and 2) volecanic rocks interbedded in the unit of Arroyo

. Montosa lie with depositional contact-on the eroded Hale
Well pluton. These observations indicate that fhe uﬁit of
Arroyo Montosa is definifely younger than the monzonite
pluton (approximately 28 m.y.) and predates La Jara Pezk
Andesite (23.8 m.y.; Chapin, 197la). A X-Ar date of 25,2 %
1.2 m.y. recently obtained from a sample of a latite flow in
the wnit of Arroyo Montosa (sec. 14, T. 2 S., R. 5.ﬁ.,
unsurveyed) substantiates the above observations.

| In this investigation, the unit of Arroyo Montosa is
divided into 2 mappable, interbedded facless 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 Haie 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 guartz latite to latite and dacite, with
dacite being dominant. The total number of fléws present
within the unit of Arroyo Montosa cannot be determined
because of limited exposures. Available outcrops indicate

that at least 2 individual flows occur. ILikewlise; maximum



thickness of individual flows is not known; a minimum
thickness obtained from c;OSSmsection C-C!? (pl. 1) is 100
feet, bﬁt the top of the flow is eroded,

The volcanic rocks are generally poorly éxposed and
form slopes and caps on small hills along the western
boundary of the thesis area., Basal flow breccias are seen
in some places and éontain fragments derived from thg
underlying conglomerates. Hematite is pervasive in the
southern outcrops and diminishes to the noxrth. Color of
samples varies from dark reddish-gray to light gray
corresponding to the amount of hematite present. ﬂalcife
veinlets are widespreéd and local ouberops are slightly to
moderately silicified.

On Hill "7048", numerous subangular boulders of the
volcanic faciles afe found resting on the conglomerate facies.
Some of these boulders are as large as 6 feet in length and
are believed to represent the bouldery remains of iormer
outcrop. _ |

In hand specimen, the flows contain phenocrysts of
plagioclase, smoky and colorless guartz, and sanidine. Sone
ﬁlagioclase crystals attain dimensions .of 3.75 centimeters
in length and 2 centimeters in width. The large plagioclase
is a distinctive featbure which makes the flows easily
recognizable in the field,

In thin section, the volcanic rocks have a porphyritic
texture with a microcrystélline groundméss, " Phenocrysts -

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



Plagioclase occurs as unaltered, euhedral crystals.which
are frequently twinned according to alpite, albite—carlsbad
and pericline twin laws. DMos®h phenocrysts have lacy edges
owing to minute inclusions of glass. The anorthive |
composition measured by the Fouque’ method ranges from Anpg
o 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 is comnonly altered to
calcite and-brownish clays. Anhedral and subhedral quaxrtz
prhenccrysts comprise from 1 to 3 percent of the total voiume
of the rock., The quartz phenocrysts are typically deeply

- embayed and rimmed.by fine-grained aggregates of calcite and
chalcedony. Highly altered biotite and amphlbole occur in
trace amounts in some of the flows. The groundmass consists
predominantly of plagioélése laths, interstitial quartz and
. potash feldspar, and opaques. In some thin sections, the
opagues, which are primarily magnetite, constitute 10
~percent of the rock ﬁy volume, Pyroxene, calcite and

secondary quartz are also present in the groundmass. ,&

Conglomerate Facies, The conglomerate facies consists

of pebble conglomerates of fluvial origin with thin,
interbedded sandstone lenses. A total thickness of the
facies and the number of individual éonglomerate units is
not ¥mown. On cross—section C~C' (pl. 1), the estimated
thickness varies from 500 to 700 feet,

The conglomerate facies crops out as small ledges which
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are persistent along the base of ridges and hills, The
outerops are characterized by predominantly westward dips
of 6 to 14 degrees, but a 10 degree soutﬁeéstward dip is
recorded near the Hale'Ranch drivgway (sec. 25, r, 2 8.,
R. 5 W.). The discrepancy is probably a ;esult of drag from
uplift of a major intra-graben fault block fo the northwest
(pl. 1). The conglomerates are poorly sorted, crudely
stratified, and well-indurated (fig. 9). Clasts consist of
felsic and andesitic volcanic rocks. Imbrication of clasts
indicates a source to the southwest (J.E. Bruning, oral
commun., 1973). |

| In hand specimen, the color of the matrix is reddiéhm
brown on both fresh and weathered surfaces. A Iarée
majority of the clasts are subangular but vary from angular
to subrounded. The clasts can be as large as 7 to 8 inches
in diameter but commonly are 1 to 2 inéhes. Welded tuffs
from the Potato Canyon Rhyolite and to a lesser extent from
the A~L Peak Formation comprise most of the clasts.. The
remainder of -the fragments are andesites from wvarious units
in the Datil volecanics. Clasts of Arroyo Montosa voléénic
rocks occur throughout the cénglomerate facies and are
easily recognized by their large plagioclaée phenoccrysts.
Some andesitic clasts resemble La Jara Peak Andesite but
they are present in such small Volﬁme that they are believed
to have originated from flows in the A-I, Peak Formation
which are very similar to those in the La Jara-Peak° If

the Arroyo Montosa conglomerates were younger than La Jara



Figure 9 - Crude stratification developed in the conglomerate
facies of the unit of Arroyo Monbtosa. Note the abundance of
felsic wvolecanic detritus and relative scarcity of dark-
colored andesitic detritus. This is typical of the facles:
and distinguishes it from the fanglomerate of Dry Lake

Canyon. MNote pebble imbrication which indicates transport
was from left (SW) to right.



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 area is
repreéented by a thick sequence of basaltic andesite flows
with thin beds of intercalated, volcaniclastic sandstone.
Tonking (1957) named this unit the La Jara Peak Member of
the Datil Formation after ILa Jara Peak, 20 miles north of
Magdalena in the Puertecito quadrangle. The La Jara Peak
Member was later separated from the Datil rocks ﬁy Willard
(1959) and is hereiﬁ considered to have formational status.

Outcrops of La Jara Peak Andesite occupy much of %he
central portion of the thesis area and cover approxmmately 6
sgquare miles. TLocal outcrops occur along Council Rock. 7
Arroyo and near Arroyo Landavaso. La Jara Peak Andesite
rests unconformably upon tuffs of the A~-L Peak Formation,
the andesite of Landavaso Reservoir, and ﬁpper fuffs° Along -
Council Rock Arroyo, the fanglomerate of Dry Lake Canyon, an
andesitic facies of the Popotosa Formatiion, apparently
conformably overlies La Jara ?eék Andesite and was derived
largely from it. In the northwestern Bear Mountains, the
Popotosa Formation is interbedded in the uﬁpermost part of
the Ia Jara Peak Andesite (Tonking, 1957; Bruning, 1973).

Thickness of the La Jara Peak Andesite in the Silver
Hill area is difficult to determine accurately. Two
dizmond~-drill holes {(Crouch and LL & B) collared in the

andesite penetrate approximately 600 feet of La Jara Peak



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 thiéknesses in

The Bear Mountains; 2500 feet and 2900 féet, respectively.
It is doubtful that the la Jara Peak Andesite has a total
thickness of that magnitude in the Siiver Hill area..

An accurate radiometric age for the andesite is
difficult to obtain becéuse of the altered and weathered
condition of most samples. However, an unusually fresh
sampie from the Bear Mountains yielded a date of 23,8 ¥ 1.2
n.v. (Chapin, 1971a) which places the unit in the lower .
Miocene. |

Outcrops of La Jara Peak Andesite typicélly forﬁ
rounded hills, Occasionally, as on the slopes of Silver
Hill and a few of the other hills, small ledges can be seen
but usually they ére not continuous. In some places,
individual flows can be distinguished by the presence of
Kautobrecciated tops and bottoms; These flow breccias are
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 bhasgal
zone imparts a reddish tint to the soil which can be
foliowed for about 150 feet. Hand specimens are medium'gray
to dark gray on fresh surfaces and weather to light gray ox
light grayish-brown. Phenocrysts of hematized pyroxene,

which are particularly obvious on weathered surfaces, are
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characteristib of the unit. Plagioclase ﬁhenocrysts are
found in some samples. Vesicules and amygdules filled with
caleite and silica occur locally.

Flow direction can be determined in many outcrops ghat
possess elongate, lineated vesicules. Flow direction is
shown on the geologic map (pl. 1) as a two~directional
arrow., The lineations have a wide range in trends bub most
indicate a direction of flow from the northwest or southeast.
A few possible feeder fissures for the La Jara Peak flows are
found in scattered areas. The rocks whieh occupy the |
fissures resemble dikes but afe mineralogically identical to
the flows and lack observable chilled margins.

In fhin section, the andesites have a porphyritic .
texture with an aphénitic and felty tg_pilotaxitig gfoundmass;
ophitic texture is rare. ©Phenocrysts are usually pyroxene
but occaéionally may be plagioclase and olivine; the
groundmass consists of microlites of plagioclase and
Pyroxene.

The mést commonlphenocrysﬁ 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 calcite in the center with a rim of hematite.
Fresh pyroxenes occasionally show hourglass structure,
concentric zoning and have extinction angles {(zac) of 43°

to 450, This appears consistent with a composition between
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diopside  and hedenbergite as determined by Tonking (1957,
p. 46). |

In some thin sections, plagioclase ﬁhénoérysts represent
from 5 to 10 voluume perceht of the rock. The& usvally
oceur as euhedral and éubhedral crystals ranging from 0.5
to 2 millimeters in length., Some are énhedral, partly |
reéorbed and may‘be.xeriocrysts° Varying degrees of
alteration to calcite are present. Using the Fougue”.
method, the anorthité composition was measured on 8
phenocrysts that showed the least amount of alteration. The
range is Angs to An5l.'

Subhedral and euhedral olivine phenocrysts are pfesent
in 1 thin section of unusually fresh andesite and comprise
20 volume percent of the rock. Optic angles (2Vj 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 diameter
but some are as large as % 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 iﬁ
length, occur infpequently in some thin sections. The
crystals are usually unaltered and alvays assoéiated with
calcite, -One crystal digplays undulatory extinection.

The groundmass is comprised mainly Qf plagioclase and

pyroxene microlites with abundant specké of magnetite. The
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microlites range in size from 0.05 4o 0.1 millimeter.
Calcite alteration is common with plagioclase aﬁpearing more
altered than pyroxene. Cavities filled with a zeoclite may
comprise 15 volume percent in some thin sections. The
geolite, possibly natrolite, occurs és_radiating, needle~like
crystals with positive elongation and parallel extinction,
Thin layers of volcaniclastic 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 guartz and feldspar with varying amounts o£
andesitic and welded tuff fragmenfs.,.ln thin section,
guartsz ranges from 15 fto 40 vélume percenﬁ of the rock,
The grains are ftypically suvbrounded to rounded and average
1 millimeter in diameter. Plagioclase feldspar and
occagsionally potash feldspar comprise from 10 to 45
volume percent. Plagioclase commonly shows very little
alteration whereas potash feldspar is frequently severely
altered to calcite. Biotite is scarce and usually slightly
altered to hematite. Opaques, primarily'magnétite, are
gscattered throughout most thin sections. Andesite and
welded tuff detritus constituﬁe 40 volume percent of the rock
in some instances, The andesite fragments closely resemble
La Jara Peak flows and are tyﬁically angular to spbroundédo
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 (Bruniné, 1973). Thé sedimentary
rocks of the Popotosa Formation formed in a large bhasin
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 upliffs produced by
Basin and Range deformation (Bruning, 1973%). Bruning has’
divided the Popotosa Formation into a playa facies and a
fanglomerate facies., Two lithologiééily unigue fanglomerates
are present; one of these, the andesitic fanglomerate of

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

Fanglomerate of Dry Lake Canyon. mhe fanglomerate of

Dry Lake Canyon (Brown, 1972) is the youngest well-indurated
sedimentary rock present in the thesis area. The
fanglomerate crops out discoﬁtinuously from Boxcar Well in
the south to Allen Well in the north and is confined to the
down~dropped block west of the Hells Mesa fault:. Exposures
of the fanglomerate occur as rounded hills typically &énuded
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
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Figure 10 ~ Vegetation contrast across fault contact (dashed
line) of fanglomerate of Dry Take Canyon (left) and the
pumiceous member of the A~L Peak Formation (right). rought—
¥illed (?) juniper bushes mark outcrops of the fanglomerate
of Dry Lake Canyon in this area., View looking north with

the Bear Mountains in bthe background. ’



Peak Andesite predominate but loeally, south of U.S. Highwaj
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 thé unit of Arroyo Montosa and the
andesite of Landavasc Reservoir.

Good'exposures of massive fanglomerate are seen along
Council Rock Arroyo and Dry Lake Canyon. Outerops are
generally compésed of poorly sorted sandstone and gravel
lenses. Hand specimens contain predominantly subrounded
andesite fragments as much as 10 centimeters in diameter in
axlight brown sandy to silty metrix. In thin section, the
matrix appears o be a mixture of chalcedony, calcite and
clay.

Bruning (1973) has completed a detailed report on the
origin of the Popotosa Formetion and discusses a source for
the detritus which makes wp the fanglomerate of Dry Lake
Canyon, His data indicate that flow direétions were mainly
"to northwest, west and southwest from the now down-faulted

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

Tertiary Intrusive Bocks

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

dike measures 20 feet in width and is poorly exposed in
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length for 25 to 30 feet along the top of the ridgeol The
other dike is much narrower and ig exposed for only a few
feet along strike. A trend of N 35° W to N 400 W was
measured for both dikgs with a westward dip of about 75
degrees recorded for tﬁe dike in the roadcut. |

A typical samp}é of the dike exposed in the roadcut is
aphahitic and dark gray on the fresh surface. Weathered
fracture faces are pale brown to pale yellowish-brown.
Hand specimens of the'other dike have & speckled greenish-
“brown appearénce and were difficult to obtain due to the
weathered and fractured condition of the outcrop.

Microscopically, the dikes are similar. Thin sections
show phenocrysts of pyroxene and infreguent plagioclése in a
pilotaxitic groundmass of plagioclase microlites., Pyroxene
occurs as subhedral énd euhedral crystals ranging in size
from 0.25 to 1 millimeterlwith an average of 0.5 millimeter,
© Most grains are totally altered to calcite, chlori%e and
hematite with rims of fine~grained magnetite. Liess altered
crystals occasionally have relict cleavage. Fhenocrysts of
plagioclase represent less than 2 percent of the voluwe of
the rock. The euﬁedral crysfals are remarkably fresh and
average 0.5 to 0.75 nillimeter in length. Groundmass,
which makes up‘90 to 95 percent of the rock, consists of
euhedral plagioclase microlites with minor amounts of ,
biotite and fresh pyroxene. The composition of groundmass
plagioclase was determined as Angy by the Miéheleevy

method., Opadues and interstitial calcite are aburdant in 1
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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 intrﬁsive is informally named the Hale Wéll pluton.
The monzonite crops out over an area slightly smaller than
one-sixteenth of a square mile with an outcrop configuration
in the shape of a slightly elongate ellipse oriented
approximately N 35° W. The mongzonite usually crops out as.
rounded moundé comppsed of highly weathered angular fragments.
Where intermittent streams<have cut 5elow alluvium, the
intrusive forms smoothly rounded oubcrops and appears less
weathered Relatlvely fresh hand speclmens are llght
brownlsh—red and weather to light reddish-gray.

The exposed porﬁlon of the Hale Well pluton is probably
a border facies of a much larger buried intrusive. This
intrusive apparently has been down~faulted into the Mulllgan
Gulch graben, a north~south structure eytendlng from
Mulligan Gulch on the south to Abbey Springs on the north
and bordering the western margin of the thesis area (see
fig. 1, . 2).

The Hale Well plubon hag a conspicuous porphyritic
texture. Plagioclase phenocrysté, scme as large as 3
centimeters in length, occur in a matrix of much smaller
crystals. The phenocrysts are euhedral and essentially

fresh but incipient calcite, chlorite and clay alteration



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.é range in
composition from Anzsz to Ango. Groundmass constituents are
primarily potash feldspar, plagioclase and clinopyroxene but
very minor amoﬁnts éf gquartz and brown biotite are also
pregent (table 2). Opaques are small and numerous. Slender
laths of apatite occur throughout the groundmass and are
partially enclosed within plagioclase phenocrysts, |

Two thin sections of the monzonite wefe 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
collection of a sample for radiometric dating. Howéver,
exposures show the plutbn intruding the gray massive member
. and the tuff 6f La Jencia Creek of the A-L Peak Formation,
and the upper tuffs. A latite flow in the unit of Arroyo
Montosa and nearby oﬁtorops of La Jara Peak Andesite are
unaltered. From these observations, it is concluded that
the Hale VWell pluton is similar in age t& other intrusives
in the lMagdalena ares which have been dated at about 28 m.y.
(C.E. Chapin, oral commun., 1973). |

Rocks near the Hale Well pluton are argillically"
altered and pyritized. The pluton is unfractured, unaltered
and contains only minor amounts of hydrous minerals., These

observations suggest that the pluton 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 f :
Plagioclase 48.5 50.0
Matrix
Potash feldspar. 34,1 26.2
Plagioclase : 2.3 6.9
Clinopyroxene 2.9 ... 5.3
Biotite 0.1 _ 0.5
Quarts ‘ 0.0 0.1
Opaques 12.0 - 10.9
Total percent " 99.9 99.9

¥Sample 1-83~1 was counted on a 1/2 X 1-2/3 millimeter
grid which yielded 1227 counts. .Sample M-83-2 was :
counted on a 1/3 X 2 millimeter grid which yielded 868 -
counts.
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source for solutions which created the alteration in the
surrounding rocks. Hence, the wall~rock alterafion may
pre-date intrusion of the pluton.‘ Effects of contact
metamorphiém related to the pluton may be undistinguisﬁable
from éffects of this older period of alterétion, although
contact effects are likely %o be minimal because of thé
similarity in composition between the pluton and the

wall~rocks.,

Tertiary-Quaternary Deposits

Pediment Gravels
Pediment graveis are the oldest surficial deposits

mapped in the thesis area. The deposits are unconsolidated
and poorly-sorted and contain volcanic defritus ranging from
pébbles to cobbles in size. A caliché'zone, usuaily somewhat
indurated, caps the pediment gravels. The thickness of the
zone varies from a few inches to several feet. Frequently,
a layer of brownish soil covers the caliche zone., In areas
where this soil layer is extensively defeloped,,the preseﬁce
of the pediment surface can be detected by caliche-covered
pebbles surrounding animal burrows. Cholla and prickly ﬁear
cactus, and.assorted'desert grasses are the dominant forms
of vegetation but juniper occasionally grows where pediment

cover over bedrock is thin.

Quaternary Devosits

Talus

Owing to limited topographic.relief, extensive areas of



talus do not occur in the field area, Primarily, the word
talus represents: 1) talus cones derived from ﬁass-wasting
- of upthrown fault blocks, and 2) colluvium ‘where

stratigraphic contacts are obhscured and undefiying 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 accumulations are thickest oﬁ the leeward
flanks of large ridges and thin to the northeast. Windblown
sand generally suﬁpbrts bettei vegetation than pediment
deposits; juniper bushes and pifon pine at higher elevations
occur most often. No soil layer is present and ant hills
and animal burrows are less abundent than on pediment

surfaces.

Alluvium o
In this study, alluviuwm 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.



STRUCTURE .

Regional Structure

‘West~central New Mexico is part of a mnorthern exfension
of the Sonoran-Chihuahua fault system (Eardléﬁ; 1962) which
most physiographers include in the Basin and.Range province.
The extension continues along the Rié Grande depression intoh
central Colorado and separates the Colorado Plateaun on the
west from the Southern Rocky Mountains and Great Plains on-
the east. The present tectonic pattern of the area largely
reflects 2 major periods of deformation: 1) Taramide
(late Cretaceous to early Tertiary), and 2) middle .and late
Cenczolc.,

ILaersmide forces produced a series of north- and
northwest-trending domal uplifts separated by dowanwarped
basins. The Magdalena area is situated on the southern
flank of one of these basins, the Baca basin,‘ Erosion of
Mesogzoic rocks exposeﬁlalong 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. Targe
open folds and thrust belts are typical of the Laramide
orogeny {Xelley and Wood, 1946; Tonking; 1957; LBardley,
1962; King, 1967). Hardley (1962) proposed that vertical
rather than compressional forces were mainly responsible for
these features. The theory involves-the formation of
basaltic Ymegasills" which elevated the overlying crust
into large blisters; hence, the name "blister concept'.

King (1967) noted that occasionally Laramide stocks were



emplaced transverse to fold axés which indicated to him that
vertical forces were especially active during this time.
Recently developed concepts bf plate tectonics, howeyer,
suggest that Laramide deformation was compreséional and
resulted from southwesﬁward driving of the North Aﬁerican
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 exposed
Precambrian and Paleozoic cores of Laramide uplifts (Epis
and Chapin, 1973). In theé Magdalens area, an early
O0ligocene transverse fault trending N 78° W from the
latitude of North Baldy in- the Magdalena Mountains to Tres
Montosas dovndropped the Spears Formation and older rocks
1500 to 3000 feet on the south (Krewedl, in preparation;
Chapin and others, in preparation). Copious ash flow
eruptions, culminating at 32 to 30 m.y;, buried the traée of
this fault and formed the ignimbrite plateau which caps the
Datil volcanic pile in the Magdalena area. Northeast-
trending faults of relatively small displacement influenced
drainage during foxrmation of the plateau and may have
helped localige cauvldron development. Immediately following
construction of the igninmbrite plateau, the Magdalena area
was broken by numerous normel faults of N 10° W ﬁrénd;'l
these faults greatly influenced post~volecanic stock intrusion
dated at about 28 m,y. (Loughlin and Koschmann, 1942; Chapin

and others, in preparation). The onset of basin-and-range-
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type faulting and related sedimentation began in early .
Miocene and was related to fhe formation of the Rio Grande
rift (Chapin, 1971b). Southwestward bifurcation of the rift
through the San Augustin Plains developed in late_Mioceﬁe |
(Chapin, 1971b). The cause of rifting has been attributed
to a northwestward movement of the Colorado Plateau (Eardley,
1962; Chapin, 1971b). " Formation of the rift and related
structures has greatly affected the structural frameﬁork of
the Silver Hill areé and will be discussed in greater detalil
in the following sections. |

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

conbtinuing.

Local Struciure

The Silver Hill area is a structurally complex network
of intersecting, superimposed faults. Faulting occurred
intermittently frém middle (?) Oligocene to.Recent with
major periods of deformation in late Oligocene, early
Miocene, and late Miocene, The late Oligocene and early
Miocene periocds of faulting are separafed by a regional
erogion surface which was subseguently covered by a thick
sequence of andesite flows; thus many of the Oligocene
fauits are buried, and their poéitionland trend must be
inferred from cross—secions {(pl. 1).

In order to present the structure in an organizea

fashion, faults have been grouped into 2 age periods:



Oligocene and Miccene, An overlay for each period, showing
fault trends, ﬁas constructed from the geolegic map and
reduced to page size (figs. 11 and 12). In addltlon, a
reglonal structural map sh0w1ng the relatlonshlp of faults
in the thesis area to those elsewhere in the Magdalena area

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

Oligocene Faults

Two stages of faulting ere recognized in the thesis
area during the Oligoeene Epoch. The first stage is
represented by 2 parallel northeast-trending faults thch
formed a graben transecting the central portien of the
thesis arvea (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
noréheastmﬁrending paleovalley earxrly in depositien.of the
A~-L Peak Formation is compatible with the location of the
Mt. Withingeon cauldron, the probable source of the A-L
Peak ash flows, and with similar-trending paleovalleys ;n
the Lemitar Mountains (Woodward, 1973) and near Stendel
Ridge (R.B. Blekestad, oral commun., 1973). Recognition
that deposition of the tuff of Iia Jencia Creek was sfructurallj
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 differventiable oubside the graben.
Displacement across the bounding faults of the-graben may‘

not have been large; cross-—section B-B' (pl. 1) shows an
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Figure 11 - Oligocene faults in the Silver Hill area.
Faults are dotted when continuation is uncewrtain. Longitude
and latitude are marked along the borders of the thesis area,



estimated vertical offset of about 100 feet on the northern
fault. |

A second stage of fauliting oécurred in late Oligocgne
(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 shoﬁ the.opposite sense of movement. The‘largest
and most important of the down-to-the-west-type faulds is
the Hale Well fault (fig. 11 and pl. lj. This fault crossed
the thesis area,cut‘the earlier northeast~trending
paleovalley and formed the eastern boundary of an embryonic
Mulligen 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‘downmfaulted area, Movement along the Hale Well
fault was renewed after emplacement of the upper tuffs |
(cross—section D-D', pl. 1). Maximum total displacement is
aﬁproximately 1000 feet (cross-sections‘B—B' and D-D', pl. 1).
The Hale Well fault may have been instrumental in controlling
emplacement of the Hale Well pluton, a monzonite body of
unknown shape and size, which is partially exposed along
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, 1971a;
Brown, 1972).



Miocene Faults
After Oligocene faulting, the Silver Hill area went

through a period of relative quiescence during which

&

erosion of uplifted fault blocks supplied detritus

T
- o TR
to form the conglomerate facies of the unit of Arroyo ??%’M.L?

%
L

Montosa. ZTava flows in the unit, probably of fissure
origin, were erupted during deposition of the conglomerates.
The unit of Arroyo Montosa probably formed in a‘basin—andm
range~type environment similar to that present during
deposition of the Popotosa Formation. This suggests that
Basin and Range deformation in the Magdalena afea may have
begun in very eafly Miocene.

The earliest Miocene fault cuts the unit of Arroyo
M9ntosa_(25.2 m.y.), but not Da 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 dovathrown and
Jjuxtaposed against the andesite of Landavasc Reservoir and
the upper tuffs (pl. 1). A gray, crystalline calcite vein,
approxipately 8 to 10 feet wide and 30 feel long, occupies
the fault zone. Calcite veins are also found within other .
faunlt zones along the Mulligan Gulch grabven. Displacement
along this fault may have been as much as 800 feeb., .

Following an initial stage of fauvlting, thé Silver
Hill area was inundated by la Jara Peak Andesite which

filled the middlie Oligocene, northeast~trending paleovalley

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




Peak erosion surface, BErosion of the flanks of the
paleovalley continued during emplacement of La Jara Peak
Andesite as evidenced by the presence of interbedded
volcaniclastic sandstones. The sandstones are immature;
" containing primarily quartz, feldspar and rock fragments
with occasional biotite. Hence, iﬁ appears that La Jdara
Pegk Andesite occupied a graben with quartz- and feldspar—
bearing rocks accessible to erosion along the sides;
After emplacement of La Jara Pezk flows, the Silver
Hill area was cut by a number of steeply dipping normal
faults with irregular trends (fig. 12). In the eastern and
central portions of the map area énd where these faults
transect La Jara Peak Andesite, quartz veins containing
caleite, barite and.a few metalliferous minerals occupy
some of the faul?d zonés (Lasky, 1932);. Secondarf movement

along some of these faults is indicated by slickensides

. within the wveins,

In the western portion of the thesis area, along the
Mulligan Gulch grazben, formation of a major intra-graben
horst caused a reversal of movement along part of the
earliest Miocene fault (fig. 12 and pl. 1), On Hill
048", the conglomerate facies of the unit of Arroyo
Montosa rests in fault contact with La Jara Peak Andesite.
Fault slivers of upper tuff and‘andesite of DLandavaso
Reservoir, which were dragged up along the fault, also rest
against La Jara Peak Andesite (see fig. 8, p. 43). Near

Hale Driveway Well, small outcrops of the conglomerate and
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Figure 12 -~ Miocene faults in the Silver Hill area. Faults
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latitude are marked along the borders of .the thesis area,
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volcanic facies of the unit of Arroyo Montosa disconformably
overlie upper tuffs, the gray massive member of the A-L
Peak Formation, and the Hale Well pluton.  Apparently, the -~
fault forming the eastern boundary of fhe intra~graben
horst is located west of these outerops (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 VW.}. |
Immediately east of the central part of the intra»graben
horst, a fault-bounded block, .consisting of the andesite of
Landavaso Reservoir and small cutcrops of the upper tuffs,
was uplifted and placed against La Jara Peak Andesite.
This uplift probably occurred as a result of contemporaneous
formation of the intra-graben horst to the west (fig. 12).
This relationship cannof be seen in cross-—-section owing to
" recurrent movement along older faults.
The Hells Mesa fault (Tomking, 1957, p. 38) is a‘.'
major north~south lineament along the western portion of
the Silver Hill area (fig. 12). The trace of this fault
continues as far north as Sierra Imcero mear the northern
boundary of the Puertecito quadrangle; Displacement along
the Hells Mesa fault increases from 500 to 600 feet in
southern portion of Puertecito guadrangle (Tonking, 1957)
to about 1000 feet in the Bear Mountains (Brown, 1972).
Near Arroyo Montogsa in the Silver Hill area, the fanglamerate

of Dry Lake Canyon is downthrown and juxtaposed against
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undifferentiated A~L Peak Formation; hence, vertical
displacement may be as much és 1500 feet (c¢ross—section.
B—E‘, pl. 1). The Hells Mesa fault does not transect the
intra-graben horst (fig. 12). A minor fault Qith identical
trend and movement but‘with a throw of only 50 feet is
present instead (cross-section C~C', pl. 1). Mﬁvement
along the Hells Mesa fault was apparently diverted a;oﬁg the
" bounding faults of the horst which may have beeﬁ partially
reactivated. South of the intra-graben horst, the Hells
Mesa fault continues but the vertical offset is greatly
reduced, Near Landavaso Reservoir, displacement of
approximately 800 feet is indicated from'cros§¥seeﬁion

D-D* (pl. 1).

Bifurcation of the Rio Grande rift along the San -
Augustin graben occurred in late Miocene and the
north~trending structural grain of the Magdalena area was
overprinted by northeasit—~trending normal faults whiCh‘had
some left-lateral movement {(Chapin, 1971b; Brown, 1972).
The gouthern bounding fault of the San Augustin rift
parallels part of State Road 107 which forms the southéaétern
boundary ;f the thesis area. A subsidiarj fault trénding
N 70° B occurs aboult 2 miles to the northeast along Arroyo
Gato (sec. 25, T. 2 S., R. 5 V. and sec. 30, T. 2 S.,

R, 4 W.). This fault bifurcates into 2 smaller faulté'
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



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

P. 81)., It is not certain if left-lateral movement is
lassociated with the roadcut faulté,lalthough an andesite
dike in thé south wall of the roadcut has no wvisible
northward continuation., However, this observation can be
explained with down—faﬁlting on the north side of the

roadecut if the dike‘pinches out upward.

Folding .

A short segment of a flat-bottomed syncline (Browm,
1972) extends into the extreme northeastern corner of the
thesis area from the southern Bear Mountains (cross—sécﬁioﬁ
B-B!, pl. 1). The axis of the fold trends nortﬁ—northéasf
and dips on the limbs vary from 10 tp 15 degrees. The limbs
of the syncline are poorly exposed aﬁd are truncated by La
Jara Peak Andesite about 0.5 mile south of Joe Well (sec.
17, T, 2 S., R. 4 W.). No further continuation of the
syncline could be 1dcated in the study area.

Information concerning the origin of the fold is
limited by the pobr exposures present in that part of the
thesis arga. Better exposurés exist in the southern Bear’
Mountains, and therefore, the reader is referred to previous

work by Brown (1972, p. 90-93),
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ECONOMIC GEOLOGY

The Magdalena--Tres Montosas‘area has seen some form
of mining activity since about 1878. Witﬁ the area's
variable lithology and complex structural history, the
cccurrence of ore deposits is not surprising. The Kelly
mining district contains the largest and most developed
mines in the area and has been a major producer of zinc and
lead with appreciable quantities-bf copper and silver. A
number of other mining districts, such as the Cat Mountain
district to the southwest of Magdalena and the‘Council Rock
district %0 the northwest of Magdalena, occur within a
12-mile radius of the Kelly district. The Silver Hill arvea
is approximately equidistant from tgese 3 districts, - |

Pwo features of the Silver Hili-érea warrant
consideration from an economic standpoint,A Areas of
argillic alteration occur along portions.éf the western
margin of the thesis area. The alteration affects all
volcanic units of Oligécene age. The unit_of.Arroyo Montosa
(25.2 m.y.) and Ia Jara Peak Andesite (23.8 m.y.; Chapin, '
1971a) are unaltered. Hence, the age of the alteration |
is assigned as late Oligocene, Unrelated to the Oligocene
alteration, are quartz~calcite-barite veins which cut Lg
Jara Peak Andesite. The veins are Miocene or younger butb
no upper age limit can be detefmined from exposures in the

theslis area.

Tate Oligocene Alteration




Outcrops which exhibit effects of argillic alteration
are stippled on the geologic map (pl. 1) and occur in 2
distinct places along the western half of the thesis area,
The 2 areas are approximately 2.5 miles apart and are
separated by outcrops ﬁhich lack, or show very minor,
hydrothermal alteration. The northern altered area extends
from Allen Well south to one~guarter mile beyon& Arroya
Montosa and east to La Jencia Creek. The southern aitered
area extends from the northern boundary of sec. 25, T. 2 S.,
R. 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
menber of the A-L Peak Formation, andesite flows, and the
tuff of Allen Well show varying degreeé of argillic
alteration. In the pumiceous member, the typical purplish-
gray color becomes bleached to almost white, feldspars
become severely altered to clay and are freguently visible
only as rectangular holes in-thin section, and oxidigzed
pyrite haloed by limonite is moderately abundant. . Hematite
staining is occasionally visible near fractures. Adjacent
to gquartz veinlets, the pumiceous member appears to be
recrystallized and minor amounts of sericite is present
locally. In the tuff of Allen Well, bleaching is not as
intense as in the pumiceous member, but argillic alterétion
and oxidized pyrite are still prevalent, Argillic
alteration and bleaching in the andesitelflows is most

visible near fractures which probably served as conduits
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for solutions,

Undifferentiated A-L Peak Formation has also been
attacked by argillic alteration hear Arﬁoyo-Mdntosa and.
in a group of hills bordering the arroyo to the east,(seés.
1 and 12, T, 2 S., R. 5 W.). The most intensely argillized
rocks exhibit the same features present in the pumiceous '
member near Allen Wéll. In general, moving northeast from
Arroyo Montosa towards La Jencia Creek, the rocks of the
undifferentiated unit become less bleached and their
Afeldspars show lesser degrees of argillic alteration;
limonite pseudomorphs after pyrite diminish and finally
disappear, |

In the Hale Driveway Well~Boxcar Well area, argillic
alteration affects the gray massive member, the tuff of La"
Jencia Creek and the flow-banded member of the A-L Peak
Formation and, to some éxtent, the upper tuffs. The
andesite of Landavaso Reservoir seems o have largely
escaped this type of alteration as the feldspars are
exceedingly fresh. Imnstead, propylitic alteration is
dominant, thch, in the context of this study, is
characterized by replacement o£ biotite and pyroxene by’
chlorite and calcite. In the gray massive member and tuff
of T Jencia Creek, the typical gray and purplish~gray colors
have been changed to yellow~brown, probably as a result of
weathering of disseminated pyrite under oxidizing conditiouns.
.Minor amounts of hematite occur near fractures. In the

large roadcut on U.S., Highway 60, 3.75 miles west of



Magdalena, the flow-banded member of the A-L Peak Formation
and a mafic dike which cuts the member show weak to moderate
degrees of argillic alteration (fig. 14). However,
chloritic alteration of pumice and lithic fragments is

lfrequently observed in the flow-banded member; hence, these
rocks may be in transition from propylitic to érgillic‘v
alteration, Alternatively, the argillic alteration may be
superimposed on propylitized rocks by supergené procésses.
Oxidized pyrite is disseminated throughout both the Llow-
banded {tuff and the dike, and hematite bands which have_
migrated inward from fractures in the tuff are superimposed
‘on bleached rock (fig. 15). Near Hale Driveway WVell and
Boxcar Well, the upper tuffs have suffered only very weak
argillic alteration. Pervasive hematization oécurs locally
in both of these.areas and pyrite iétébsent.

Argillic alteration in the Silver-Hill area is difficult
o attribute to a single'process.'.Undoubtedly, what is seen
is an overprinting of both hypogene and supergene effects.
To decipher what formed from hypogene processes and what
formed from supergene processes, requires more information
than is available at present, Almos?t ceitainly, the sulfur
and some of the iron to make pyrite are of hypogene origin,
while the bands of hematite adjacent to fractures afe
probably related to supergene oxidation of pyrite,

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

minerals in the exposed portidn of the stock makes a genetic
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" Pigure 14 ~ Roadcut on U.S. Highway 60 (3.75 miles west

of Magdalena) in altered and intensely fractured flow-banded’
member of the A-J: Peak Formation. ®Roadcut is near
intersection of several faults and is about 1/3-mile
southeast of outcrop of Hale Well pluton. Dark gray rock
near vehicle is relatively fresh (see fig. 5, o 27¥
compared to the bleached and hematite-stained rock to
right. View is to the west.



correlation doubtful. Most of the Hale Well pluton has
been down~faulted into the Mulligah Gulch graben; hecause
the dimensions'of the stock are unknown, if is possible, but
not likely, that the exposed part of the stock is a Ydry"
border facies that escaped shattering and alteration. Near
Tres Eontosas, an exposed stock, some of which closely
resembles the Hale Well pluton, is not spatially related to
argillic alteration along the western edge of the Mulligan
Gulch graben (Chapin and others, in preparation)., Neither
the Hale Well pluton nor the Tres Montosas stock appear to
have been the source of the hydrothermal fluids which
altered large volumes of rock along the edgeé of the
Mulligan Gulch graben. The Hale Well pluton appéars to
post-date argillic alteration.

Supergene effecfs,_related to either the premia Jaxra
Peak erosion surface or the pfesent erosion surface, or
" both, may have accounted for a large part of the argillic
alteration. The abundance of oxidized pyrite in the
altered rocks and association of argillic alferation with
- major fault zones lends credence to ‘this hypothesis. K
Several features, though, point to a hypogene origin for the
argillization, and more work is necessary in order to décide

which process, hypogene or supergene, is dominant.

Miocene (?) Mineralization

The central portion of the thesis area is dotted with

B

shallow prospect'pits, shafts and adits. Some of the

workings date back to the 1920's when the Silver Hill area



o Ll

wae the site of small-scale mining activity. Although
copper and silver ores were mined, production from the area
was limited. No records concerning ore grade-or tonnage

" could be located.

The mineralization occurs as veins which are confined
primarily to outerops of La Jara Peak Andesite; a few veins
are found cutting the A-L Peak Formation. Vein mineralization
was dependent upon open space created by a seriés oflfault
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
N %50 E, The veins are plotted on the geologic map (pl; 1)
and their orientation is shown in a rose diagram (fig, 16). _
Dlps on the wveins range from 60° to vertlcal. A few veins
are as wide as 6 feet bubt uswally 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 ox vein systems
are seldom traceable for long distances.

Vein material consists oﬁ a varietj of géngue and ore
minerals, Quartz; calcite, barite and hematite are the
dominant éangue ﬁinerals, but minor amounmts of goethite
occur locally. ﬁhe ore minerals, listed in order of
aprroximate decreasing abundance, are chrysocolla, malachite,
chalcocite, covellite, galena, sphalerite, argentite (Lasky,
1932) and vemadinite. Chrysocolla and malachite are

widespread whereas the other ore minerals are observed in
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Figure 16 ~ Rose diagram to %0 vein trends in La Jara Peak

Andegite.
sectors,

Trends were grouped and counted within 5 degree



only a few loecalities, A common vein assemblage ig shown

in fig. 17.

Paragenesis of Vein.Minerals

In a ﬁajority of the veins, quartz is the earliest
mineral formed. Calcite, both white and brown varieties,
forms later, with white calcite glightly earlier than
brown caleite., Initial silicification is absent in some
veins; in such cases, brown calcite is usually the first
mineral to form (fig. 17). Quartz, in these veins, occurs
as a late-stage mineral. Barite generallf forms later than -
either brown or white calcite, although harite does'éccur
contemporaneously with brown calcite., Hematite appears to
be later than most of the other gangue minerals and 1is
principally associated with malachite_anﬁ chrysocolla.
Although massive hematite is mos t frequently encountered,
specular hematite occurs along cavities in the andesitic
covntry rocks in some localities. No relationship bebween
goethite and other gangue ox ofg minerals could be found.

Malachite and chrysocolla are early ore minerals.
Malachite may have slightly preceeded formation of '
carypocolla, but usually the two minerals are lntlmately
a83001ated. Minor amounts of chalcocite with covelllte are
found rimmed by, intergrown with, and surrounding
chrysocolla and maléchite in a recent prospect (NEL/4 sec.
24, T. 2 8., R. 5 W,) and on a few dumps of older mines.
Tasky (1932) reported the presence of Pgranular orthorhombic

chalcocite" and associated covellite from claims owned by




Figure 17 -~ Boulder of vein material typical of prospects
in La Jara Pezk Andesite. An intimate association of
chrysocolla and hematite occupies the cenber of the vein
surrounded by coarsely crystalline, brown calcite, A
small barite veinlet (left side of vein) cubs the calcite
and parallels the boundary with chrysocolla and hematite.
Quartz is & common gangue mineral in many veins but is not
abundant here. The prospect is located in NEl/4 sec, 19,
T, 2 Se¢y, Ro 4 W. '
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the Copper Belt Silver and Copper Mining Company to the
east of Silwver Hill. Galené and yellow—greeﬁ sphalerite
may be later than the copper sulfides but are definitely
later than chrysocolla. The only vein'found to contain both
galena and sphalerite (SW1l/4 sec. 19, T. 2 S., R. 4 ¥W.)
also contains fragments of La Jara Peak Andesite cut by
veinlets of chrysocolla. Occasionally, where galena and
sphalerite coexist, galena is observed to form a partial
perimeter around sphalerite; hence, at least some of the
galena is definitely eaxlier than sphalerite. Color aund
X-ray diffraction analyses of the sphalerite show it to be an
iron-poor variety., Vanadinite,was noted in one locality
(SE1/4NB1/4 sec. 18, T, 2 S., R. 4 V.) as euhedral crystals
encrusting fracture surfaces. Argentite, which was reported
by Iesky (1932), was not seen by the auwthor. |

Tﬁe paragenetic sequences observed in the veins is
shown in fig. 18. The diagram indicates relative position
in time and is not.intended to show mineral quantities.

Some interesting features arise from the parageﬁetic
sequence, The copper minerals genefally formed earlier
than galena and sphalerite, with at least some malachite
and chrysocolla preceeding formation of the copper sulfides,
chalcocite and covellite, Hencé, when copper was introduced
into the system apparently no sulfur was available to
combine with copper and precipitate as copper 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 ares. 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 minerals prevents
a definite determination.



been essentially depleted or absent in the later stages of
mineral 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 commonly surrounds veins which cut
Ia Jara Peak Andesite. In places, the alteration may be
silicification, hematization, or weak argillization.
Generally, in veins with quartz as the main gangve 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
in the andesite are not visible in hand épgcimen, Bleaching
of wall-rock adjacent to veins is not common, although
fragments of the andesite entrapped in the veins are often
ﬁartially bleached. No pyrite is Visible within the
alteration zones or the veinsj thus, the bleaching effect
nay be due to‘aoidic solutions of hypogene origin.

Widths of alterabtion zones generally ﬁary 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 laxnge
zon:s 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 epithefmal vein deposits
may have originated from heated meteoric waters, provided the
deposits are: 1) located in continentalwérupted volcanic-
rocks which have been intensely faulted, 2) near an exﬁosed
or inferred intrusive of approximately the same age as the
volecanic rocks, 3) associated with intense hydrothermal
aiteration in the voléanic rocks, aﬁdw4) younger than ér ,
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 ;n highly faulted La Jara
Peak Andesite, and the rhyolitic intrusive and flows at
Magdalens Peak (14,3 m.y.; Weber, 1971) may have been the
necessary heat source.

The Silver Hill vein deposits show similarities in
minerai assemblage to a group of vein deposits associated
with andesitic wvolcanic rocks in southern California studied
by Beane (1968). Beane noted that the assemblage
chrysocolla-hematite is typical of fhe supergene oxidation

zone associated with copper-irvon sulfide deposits. However,



the presence of barite with the assemblage and the smali
quantity of early sulfide minerals suggested_to him fhat -
the fein deposits may have been of hypogene origin. Some
evidence suggests a hypogene origin for a chr&socollan
malachite—hemafite assémblage 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 maléchite,
although in a few samples, the sulfides are earlier.

Barite is common in veins which contain the éssemblage‘
chrysocolla~malachite~hematite and is usualiy earlief than
the assemblage, but is occasionally found to be 1ater? The
fact that some sulfides are found eérlier than chrysocolla
and malachite may be construed as evidence fér supergene
oriéin, in addition to the observation that chrysocolla and
malachite aré commonly known as supergene minerals; Veins
. in the Silver Hill area contain such minor amounts of
sﬁlfide 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,

Economic Potential

Three aspects need to be considered in order o
evaluate the economic potential éf the Silver Hill area.
They are: 1) base~metal replacement deposits in the Kelly
Limestone, 2) vein mineralizafion in ﬁa Jara Peak Andesite,

and %) porphyry copper mineraliszation along the Muiligan



Gulch graben.

Much of the.early exploration in the Silver Hill area
was directed towards the possibility that the Kelly .
Limestone, a host for mineralization in the Kelly‘miﬁing
district, underlies wvolcanic rocks exposedlin the thesis
area., Present information regarding the Paleozoic and.
volcanic stratigraphy of the Magdalena area indicates thatb
driliing depths to the Kelly Liméstone, 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 Resefvoir 0-800 £t., A-~-L Peak
Formation 0~900 ft.%%He%ls Megsa Formatbtion 600 ft., Spears
Formation 2000,ftfi¥§:;ﬁian rocks 3000 £t., Madera Limestone
2000 £%., Sandia Formation 600 £%4.). . 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. ' Geochemlcal analyses on‘vein.
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
goid. Thesé values occur erratically aﬁd 1argé tonnages of
vein material probably could not be mined economically from
the deposits.

‘In recent years, exploration éctivity‘in the

Magdalena-~Tres Montosas area has been renewed in search
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of possible porphyry copper mineralization and related
base-metal deposits. The possibility that such
mineralization occurs within the Silver Hill area is
extremely unlikely because, except along the western margin,
“the rock units are relatively unaltered and unmineralized.
However, there is the possibility that a buried intrusivé
lies to the west of the thesis area within the Mulligan
Gulch graben. Hydrothermal alteration, felsic dikes‘and
epithermal wveins containing small gquantities of coppér,
silver, gold and lead occur along the western flank of the
graben from the Cat Mountain district in the south to the
Council Rock district in the north., Along the eastern flank
of the graben, the alteration is more restricted and may

be partially of supergene origin; pre~la Jara Peak
‘mineralization and felsic dikes appéé} to be abgent.
Furthermore, a partially exposed monzonite pluton near ﬁale
Driveway Well (Hale Well pluton) is unéltered and does not
appear to be genetically related to hypogene alteration.
Thus, exploration>for possible large ore.deposits should be
directed towards the western flank of the Mulligan Gulch

graben,
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CONCLUSIONS

Investigaﬁion of the Silver Hill area has yielded
several important cdntributions 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 comprisedhof 2 facles:

a volcanic facies and a conglomerate facies. Originally,

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

_base% 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‘deduce& to be
below La Jara Peak An&esite; A XK-Ar date of 25,2 X 1.2 m.y.
substantiates this conclusion., The unit of Arroyo Montosa
probably formed in a bagin-and-range~type envivonment similar
to that present during deposition of the Popotosa Formation.
Thus, the onset of Basin and Range deformation ‘in the
Magdalena area is at least Vefy early Mioceﬁe;

2) The tuff of la Jencia Creek is limited to a
narrov, northeast-trending zone’ﬁhrougﬁ the central portion
of the thesis area. The zone is interpreted to be a
fault-controiled paleovalley present prior to deposition
of the tuff. Recognition of this paleovalley reinforces the
exlstence of a noxrtheast-trending structural‘grain in the
Magdalena area in mid-Oligocene time. Preservation of Ia

Jara Peak Andesite in the central part of Silver Hill area



can also be éxplained by the presence of the paleovalley.

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

4) Argillic alteration along the-western maréin of
the thesis area does not seem to be related geneﬁically to
hydrothermal fiuids derived from the Hale Well pluton.

Some of the argillic alteration may have resulted from
xaeidic solutions created by supergene Qxidation of pyrite,
However, hypogene solutions which introduced the sulfur and
possibly the iron to make pyrite.probably ;ﬁparted some
argillization to the rocks also. Hence, the rTocks may'have
been originally altered by hypogene solutions,Aand
subsequently overprinted by alteration related to supergene
processes.,

5) The paragenetic éequence cf vein minerals indicates
that at 1east'some chrysocolla and malachite formed earliex
than copper sulfides and thus may be of hypogene origin.

However, opposite paragenesis in a few samples supporis a
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supergene origin., Galena and sphalerite, though present in
smali quantivies, are late-stage minerals.

6) The Silver Hill area is one of the less favorable
parts of the Magdalena district for base-metal expldration.
The Kelly Limestoﬁe, if present, lies at depths of 8200 to
12000 feet beneath the surface' hence, exploratlon foxr
possible base-metal replacement deposits is not economlcally
feasible. Epithermal vein deposits in La Jara Peak Andesite
lack sufficient quantities of mineralization to be economic
under present conditions. Tack of alteration away from the
eastern boundary of the Mulligan Gulch graben, indicated from
drill hole data and detailed geologic mapping, suggests that
the Silver Hill area is not prospective ground for .

disseminated copper deposits.
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