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The Kelly mining district was one of the largest producers of
zinc, lead and copper in New Mexico. Recent work on a regional
basis by.thé New Mexico queau.of Mines ;nd Minefal Resources
has resulted in significant additions to the knowledge oé the
stratigraphic and structural history of the Magdalena area. A
limited mapping program was undertaken in the Kelly district to
apply this new know;edge in a revision of interpretations made by
earlier workers iIn the district. .

The oldest rocks exposed in the Kelly district are Precawbrian
argillites, felsite, gabbro and granite. The Caloéo and Kelly
Formations, of Miésissippian age, were deposited on the deformed
older rocks. Disconformably overlying the Kelly are 600 féet of dark
shale interbedded with lenticular, coér§e~gréined quartzitéé and
fossilferous limestones of the Sandia Formation. The Sandia grades
upward into the thick mieritic limestones of the Madera Limestone.
New dinformation indicateé that’ the Madera in the district may have
a maximum thickness of about 1800 feet. The Madera grades upwardl
into phe red siltstones and sandstones of the Abo Formation.
Meéozoic strata were deposited but Wefe subsequently eroded.

Uplift during the Laramide orogen was accompanied andw
followed by extensive erosion during éhe Eocene Epoch which resulted
in a broad, gently sloping surface underlain largely b} Abo

Sandstone. Downfaulting along a NE-trending zone during Laramide



iv
to Eocene time preserved a thick sequence of Permian sediments
just north of the Kelly district. |

Volcanism bégan 37-38 m.y. ago ﬁith the deﬁosiﬁiou of a
thick sequence of volcaniclastic sediments, lavas and ash-flow
tuffs of the Spears Formation, followed by the depoéition of the
Hell's Mesa Formation about 30 m.y. B.P. Cauldron collapse
accompanying the eruption of the Hell's Meéa tuff,wa;:centered
south of the Kelly district. Faulting along the northern side of
that cauldron preserved the entire thickness of the Madera Lime-
stone. The main part of the Kelly district is located along the
margin of another large cauldron centered to the west. Collapse
of this cauldron during the eruption of one or more units of the
29 m.y.~0ld A~L Peak Formation formed the major structural
.features of the Kelly district. A spectacular megabreccia, formed
when . subsidence caused oversteepening of the caldera walls, is
exposed in the workings of the Waldo mine. A large ring dike and
at least four stocks, two of which are here documented for the
first time, intruded the marginal faults of tﬁe cauldron and were
closely followed by a series of north-trending mafic to rhyolitic
dikes. Large zinc-lead-copper orebodies were formed in‘limestones
adjacent to faults near all of the known stocks. A thick sequence
of intracaldera andesites (andesite of Landavaso Reservoir) was
- deposited shortly after cauldron collapse and was,lécally'capﬁed
by ﬁhe tuff of Allen Well and the Upper Tuff {26 m.y.).

Block faulting related to basin and range deformation began
at least 26 m.y.-ago and resulted in rapid uplift and tilting of

the range.



The discovery of at least two buried stocks near known.
centers of mineralization .and the presence of a large band of
diopsidic skarn in Madera limestone bode well for the discovery

of mew ore deposits in the Kelly district.

This abstract is approved as to form .and content.
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INTRODUCTION
Location and Accessibility

The Kelly mining district is located in the northern part of
the Magdalena Mowntains in central Socorro County, New México. |
(see plate 1). The area is about 27 road'miles from Socorxrro via
U.S. Highway 60 to Magdalena, thence-southeast approximately four
miles along an all-weather dirt road to the abandoned town of
Kelly, Whicﬁ is in the center of the district. Primitive dirt

roads provide good access to most parts of the area.
Purpose

- The purpose of this report is to present a reinterpretation
of the geology of a part of the Kelly mining district utilizing
detailed stratigraphic information developed auring recent geologic
studies of areas outside the district and to suggest areas favorable

for the discovery of new ore deposits.

Field Methods
The geolegy of the area of study was plotted.op a topographic
map of 1:12,000 scale using the Magdalena Dist;ict,_New Mexico
special topographic map as a base., Contacts and structural features -
were plotted as closely as possible, given the ligited accuracy of
the base map., Attitudes of the various planar and linear features
measured were taken with a Brunton compass. 'Numerous rock specimens

were taken and thin sections studied to determine textural and



alteration features. Petrographic work was done oﬁ a Zelss
research microscope. This study is based on.approximately.lzo days
of field work by the author and about twenty days of co—investi-
gation with Dr. Charles E. Chapin of the New Mexico Bureau of
Mines. This project is part of a geologic survey of Socorro
County undertaken by the New Mexice Bureau of Mines and directed

by Dr. Chapin.
Previous Work

The geology ?f the Kelly mining district was first described-
in some detail by Gordon (1910, p. 247-248) and Lasky (1932).
The most'comprehensive study of ghe geology and ore depoéits of
the Kelly district was made by Loughlin and Koschmann (1942).
Their descriétions of the various mines of the district cannot'

be equalled and the reader is referred to their work for details

concerning the history and subsurface geology of the mine workings.



STRATIGRAPHY
Precambrian Rocks

Precamb¥ian rocks are widespread in and ﬁéar the Keliy miniﬁg
district and comprise‘the bulk of the northern éant of the ‘
" Magdalena Range. Horsts and uplifted fault blocks‘f;rm a-
‘N 10°W~ to N 15°W-trending alignment Af outcrops through the‘
central part of the district (plate 1). The Precambrian rocks
consist of five mappable units which are, in oxder of relative égeé
argillite and schist, early gabbro, felsite, granite, and late
gabbro or diabase. These units are described briefly below, but

have not been differentiated on plate 1.

Argillite and Schist

The argillite is typically light greenish-gray, fine-grained,
and thin-bedded. Distinctive banding, formed by the alternation
of light and dark colored layers, is visible on weathered.surf;ces.
Small-scale cross-beddirg is common. In outerop, the ﬁedding étrikes
northerly and dips steeply, in many places being ﬁearly vertical.
Small and large-scale folding is comspicuous locally. The rock is
resistant’and weathers to angular, blocky télus. Loughlin aﬁd
Koschmann (1942, p. 8) report that the principal mineral consti-
tuents are quartz and sericite, with subordinate amounts of bilotite
and chlorite. Argillite is found as the major rack type in the

N 10°W to N 15%- trending band of horsts and uplifted fault blocks

in the central part'of the Kelly district and in a small outcrop
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east of Granite Mountain. Xrewedl (19745 iﬁdicated-that argillite
is the major rock type in the north-central part of the Magdalena ! -
Range. |

The schist, which was not encountered by the author in the
nain Kelly distriet, ié described by Loughlin and Koschmann (1942)
as micaceous, and ranging from banded siliceous rock-in the northern
end of thé Magdalena Range to very-schistose sericitic rock east
of Granite MoﬁntainL The siliceous variety is compésed 6f"quartz,
chlorite and muscovite; the very schistose rock is composed of

quartz and planar—oriented muscovite.

Gabbro and Diabase

Masses of gabbro are intrusive into the argillite in the
Kelly district and are intruded by granite and diabase. The
'1argest gabbroic mass is located in the horst block northeast of
Kelly (plate 1); other smaller masses are scattered throughout_the-
district. Plagioclase forms about 70 percent of the rock, -and |
;ralitic hornblende is alsoc abundant (Loughliﬁ and Koschmann, 1942,
p. 8). Biotite, magnetite, and apatite are among the accessory
‘ minerals. The gabbro is usually more altered than the diabase,
with calcic plagioclase replaced by 6ligoclase, magnetite-and
hornblende, and pyroxene replaced by hornblénde, and pyroxene
replaced by horablende.

The diabase forms short dikes having a predominant w;sterly
trend on the east slope of the range and in the horst block of’
Precambrian rocks east of Kelly. Other dikes of similar trend

occur east of Granite Mountain, to the north of the Kelly district,

and in the Hardscrabble Mine area east of Stendel Ridge.



The diabase is comprised of both fine-grained and coarse-grained
varieties in dikes of varying sizes. The coarser—grained dikes are
generally dark-green or greenish-gray with the finer—grained rocks
usually somewhat darker. "Loughlin and Koschmann (19@2, p. 12)
report that the dikes are almost complétely altered, with chlorite

and epidote being the most common alteration minerals.

Felsite

A large mass of felsite intrudes argillite east of
Hardscrabble Camp (plate 1). 6f this m;ss,"only the westérn tip of .
a large wedge~shaped body has been mapped. The body extends
easterly to the top of the range, where it has been'truncated:by
Precambrian.granite. To the south, it isg pértly‘intruded by the
Nitt Monzonite stock of middle Tertiary age and part}y overlain by
faleozoic sediments. On the north, felsite is separated from the
Anchor Canyon Granite by a narrow band of argillite..

Loughlin and Koschmann interpret the felsite as intrusive into
the argiliite. Fresh felsite is dark, purplish-to-black, fine-grained,
and porphyritic. It is light-gray to pink on the weathered surface
and is distinguiéhed from the argillite by its lack of banding and
by the préseﬁce of conspiéuous, rounded (often oval), phenoccrysts
of opalescent quartz., As plagioclase appears to be somewhat more
abundant than potash feldspar, the original composition ﬁay have
been latitic, but the amount of material that has been introduced

or simply rearranged cannot be easily determined.



Granite

Granite is tﬁe most ?idespread of the Precambrian rocks in the
district and forms thg bulk of the basément rocks along the crest
of the range. Further south and east, Krewedl (1974) has mapped
argillite as the predominant rock type, intruded by a stock of
Precambrian granite, The full extent of the granite east of the
range crest is not known. Dikes, plugs and stock-sized .masses of
granite intruded argillite, gabbro and félsite, but are intruded
‘by east-trending diabase dikes. Dikes of granite cuttiﬁg argillite
in the southern part of the‘disérict strike N 10°~200W, parallel
to the middle Tertiary trend of structures and dikes, perhaps
reflecting an ancient structural zone whichlhas been .activated
_repeatedly. Fractures qf northerly and northeasterly trend in the
granite were filled by diabase dikes.

The granite is generally a pink-to-tan, fine-: to mediumrgrained'
rock that weathers into angular blocks. It is compoéeé of pink
feldspar and colorless quartz, with variable amounﬁs of biotite.

The Precambrian granite may be distinguished from the middle Tertiary
Anchor Canyon Granite in that the younger rock is fresher looking,
often coarser grained, and generally contains more phenocrystic

biotite.
Paleozoic Rocks

Paleozoic rocks ranging in age from Mississippian to Perxrmian -
crop out boldly in the Kelly district, forming extensive dip slopes‘

in the central part of the area and massive, ledgy outcrops in the



southern half. These rvocks, which have been extensively faulted,
are composed of five formations: The Caloso and Kelly Formations
of Mississippian age, the Sandia and Madera Formations of

Pennsylvanian age, and the Abo Sandstone of Permian age,
Mississippian System

The Mississippian system in the Magdalena district ranges in
thickneés from 60 to 125 feet. The system may generally be
divided into a lower elastic unit ranging in thickﬁess from éerc
to 35 feet and a 54— to 95-foot-thick upper crystalline uni£
(Siemers, 1973). Although the units are described separately
below, they have been mapped as one unit on Plate 1. The reader
is referred to those works by Armétrong (1955, 1958) for details

.of the regional distribution of Mississippian rocks.

Caloso Formation

The basal umit of the Caloso F&rmation generally consists of
about five feet of poorly sorted, angular to rounded fragments of
" Precambrian rocks, which range in size from coarse sgnd to pebbles
and are cemented by calcite. Thin beds of greenisﬁ-clastic material
are locally conspicuous, and were probably derived in part from
the underlying mafie intrusive rocks and greenstones. Oferlying
this basal unit is as much as 25 feet of thick-bedded, 1i%ht—gr;y
limestone with abundant quartz sand and occasional Precambrian lithic
fragments. Brachiopods, corals and bryozoans are found irregularly
throughout the unit (Siemers, 1973). The Caloso occupies channels

or troughs on the Precambrian surface, which causes the thickness

~



to vary comsiderably along strike., The channéls vary in width
along the crest of the range from a few feet to more than .one hun—
dred feet. Their strike has not been ascertained, but it appears

to be into the northeast quadrant.

KQLly”Limestone

Overlying the Caloso Formation is a thick- to thin—beédeé,
medium- to coarse-grained, bluish-gray, fossiliferous liﬁestonex
ranging from about 55 to 95 feet in thickness. Louéhlin and
Koschmann (1942, p.‘15) and Titley (1961, p. 700) report the
presence of a persistent dark-gray Eo black bed of dense argilla-—
‘ceous limestone, called the "silver pipe,” in the middle paft of
‘this unit.” The "silver pipe" was used a; an important marker bed
because of its relation to ore deposits bgt it iIs apparently wmnot
as persistent as previously reported. Siemers (1973) could not
identify such a distinctive unit in the sections of Paleozoic
rocks he measured in and around the Kelly district.

The amount and diversity of the fossils in the Kelly increase
upward in the section. While crinoids are by far the most abundant
fossils, brachiopéds, byrozeoans, corxals and ostracods are also
present, especially in the upper parts .of the section (Siemers,
1973). Some zones in the upper half of the unit are composed
almost entirely of broken, well-sorted fossil débris.

The Kelly Limestone is distinguished from the limestones in the
overlying Sandia and Madera Formations by its'lighter colér,

coarser grain size, relative purity, lack of fusilinids, and the



presence of iight-gray to white chert that forms bands and lenses
as ﬁuch as one foot in thickness and fifteen feet in 1ength.

The fossiliferous, thin-bedded nature of the upper part of the
Kelly apparently rendered the unit.especially favorable to altera—
tion by hydrothermal f£fluids. Large aréas of the Kelly have been .~
completely silicified along the crest of the.range where extensive
outcrops of banded, wvuggy jasperoid occur. Where the hydrothermal
activity was most intense, the entire Kelly has been repla;ed,by
silicate, oxide, and sulfide minerals. Large zinc-lead orebodies
with subordinate copper and silver occur almost.exclusivély along
fault zones cutting the Kelly Limestone. The damming effect of
the overlying Sandia shales may have played.an important part in
the formation of the ore bodies, as it appears to have done at

.North Baldy where the mineralized skarn occurs only at the
Kelly-Sandia contact. This cobgervation is at wvariance with Titley
(1958), who indicated that the Sandia nowhere forms a cap over thé
ore bodies in the Linchburg mine and may not have had a significant
effect., The argillacecus and siliceous charaqter of the Caloso
Formation was apparently more favorable for copper mineralization
as copper—rich ores are found almost exclusively in this basal unit

in the Linchburg mine (G. Lotspeich, pers. comm., 1973).

Pennsylvanian System

The type section for the Mégdalena Group is iﬁ the Magdalena
Mountains, where Gordon {1907) called the lower part of thé
Penngylvanian section the Sandia Formation and the upper part thg
Madera Limestone. Kottlowski (1960) presented a comprehensive

review of the Pennsylvanian in southwestern New Mexico and southern
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Arizona. Siemers (1973) has recently studied the Paleozole section
in the Magdalena area in some detail. The reader is referred to
1 N

these works fdr a more comprehensive treatment of the Pennsylvanian

§
A

rocks. 4

Sandia .Formation

Loughlin and Koschmann (1942) subdivided the Sandia Formatiom °
into six members, having an aggregate thickness of about 600 feet.

A brief summary of their descriptions follows.

Lower gquartzite member: The lower quarﬁzite member, totalling
- about ninety feet in thickness, generally consists of gréy,
greenish~gray and brown quartzite with subordinate interbedded
"shale and limestone. The quartzite beds are fine- to coarse-grained
and are sometimes congiomeratic, containing quartz pebbles as much
as one inch in diameter. Calcareous and siliceous material cements
the grains.

Lower limestone member: 7This unit is predominantely a fossil-

iferous, medium-grained, bluish-gray, argillaceous 1imestone‘with
subordinate shale and quartzite. The limestones are typically
nodular or lenticularly banded, forming motitled weathered surfaces.
The unit is about 65 feet thick tﬁroughout most of the district.
,xfhin, fossiliferous, shaly beds make up the‘majofity_of the lower.
part of the unit.

™~

Middle quartzite member: This is a lenticular wunit, “having

a maximmm thickness of eighteen feet, that loecally separates the
lower limestone from the overlying shale. It generally comsists of

brown to gray, medium— to coarse-grained quartzite.



Shale member: The shale member is about 300 feet thick,

constituting more than half of the Sandia Formation in the
Magdalena area. It consists of black, locally carbonaceous,
fossiliferous shale with interbedded quartzite and limestone.

~Limestones are generall& more common toward the top of the wmit.

Upper limestone member: This unit is a lenticular,
bluish~gray to medium—gray limestone which is characterized by
spherical, concentric algal growths as much as twe inches in
diameter. In the cenﬁral paft of the district, the upper lime- .
stone rests on shale; elsewhere it locally forms lenses in the
| upper quartzite. It ma& be as much as thirty feet thick.

Upper quartzite member: This member is a lentidular, gray

quartzite containing subordinate interbedded limestone and shale.

. It has a maximum thickness of 65 feet in the Kelly district.

Fossil collections, taken from the Sandia by Loughlin and

Koschmann and .studied by Girty and White, indicate a lower

1

Pennsylvanian age for the Sandia Formatiom (Loughlin and Koschmann,

1842, p. 16).

Siemers (1973),.dn his comprehénsive study of the Paleozoic
rocks in and aroun& the Kelly district, found that the Sandia
Formation varied between 550 and 600 feet thick andlconsiste& of

more than 75 percent shale and wacke with subordinate amounts of

interbedded medium~ to .coarse-grained quartzite and dark-gray to

black, fossiliferous micritic limestones. He noted that the fossil

content of the limestones averaged about 32 percent, but ranged as

high as 75 percent. He found that bedding varied from thin- to

. thick-bedded and that the limestones exhibited small-scale planar
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and cross—laminations while the quartzites were locally .cross-bedded
on a mmall to medium scale. Contacts between lithologies were found
to be generaliy sharp. He identified brachiopods, echinoderms,
mollusks, bryozoans, and horn corals among the faunal assemblage.

He alsolconcluded that- the six—-fold' subdivision qf the Sandia Forma-
tion by Loughlin and Koschmann (1942)lwas obscure almest everywhere
in his study area, and was impractical for field use. He suggested -
that the use of the su@divisions be discontinued, and that .the
Sandia Formation in the Magdalena Mountains be described as a shale
wnit with interbeddéd quartzite and limestone. This writer is in
accord with Siemers' conclusions and suggestions; the Sandia Forma-
.tion was mapped as an undifferentiated uni£ in this réport {plate
1), Exception to the above might be made, however, onAé strictly
local basis where good stratigraphic control over é small area has

been established, such as in a mine or prospect.

"= 77 Madera Limestone

Loughlin and Koschmann distinguiéhed an upper and lower member
in the Madera limestone, fqtalling 600 feet in thicknesgm The lowex
300 feet consists of thin-bedded bluish-black limestone with inter—
bedded bluish-gray fossiliferous shale and gray, medium-grained
quartzite.' The beds are generally similar tc those in the Sandia
Formation, but Loughlin and Koschmann reasoned that since liﬁes£one
beds are dominant .and are centinuous upward with greater thicknesses
of 1§mestone, the umit should be assigned to the Madera Limestone.
They further believed that the upper quartzité.of the Sandia

Formation was a convenient horizon for placing a boundary between



the Sandia Formation and the Madera Limestone, which tagether form
a gradational sequence. Siemers (1973) generally agreed with the
definition of the formational boundary; he suggested that .the
boundary be placed at the top of the quartzite below which shale
predominates and above which limestone is the,dominant lithology.
This definition was used in the present sFudy.

The‘"upper mémber" of the Madera_Limestoné, as defined by
Loughlin and Koschmann (1942), was described to be about 300 feet
of fine- to coarse-grained, homogeneous bluish-gray limestone with

abundant black, nodular chert. Shaly limestones, limestone
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conglomerates, gray shales and gray to brown quartzites are inter— .

bedded with the thicker-bedded limestones. Prominent lenses of

conglomerate composed of guartzite and limestone clasts occur at

several places at the base of the upper member. These conglomerates .

contain pebbles of quartzite and Madera Limestone and grade into

thin, fine- to medium-grained quartzite beds at their tops. Loughlin

and Koschmann mapped three occurrences of conglomerate .south and

east of the Waldo Mine (op. cit., plate 2). Work by the writer has

shown that two of these lenses are as mapped, but one of the lenses,

about 2000 feet southeast of the Waldo tunnel, is an elongate mass
- of landslide material consisting of ffagments of limestone and
quartzite,

Because of faulting and erosion, Loughlin and Koschmann were
unable to determine a true maximum.thickness for the Maéera Lime—
stone within the district. They estimated it to be about 600 feet

thick, but noted that the thickness may approach 1000 feet,



14

XSiemers found, as did Louéhlim and Koschmann, that the .Sandia
Formation grades into the overlying Madera Limestoné. He féund
fossil assemblages to include brachiopods, hérn corals, echinoderms,
mollusks, bryozoans, and foraminifera, with large horn corals and
large, dark gray to black cheré nodules and lenses being mpst
distinctive of the formation. This writer faund that gsome of tﬁe
limestones in the Madera are slightly petrolifefous and give a dis—
tinctive odor when freshly broken. |

Siemers (1973) reported that the maximum .thickness of the
Madera Limestone in his measured sections was about 800. feet, but
all of these sections were bounded by faults. This writer has ﬁapped
" an area of gently west-dipping Madera Limestone south of the Grand
Ledgé tunnel (plate lj that is more than 600 fe@t'thick in outcrop.
More than 650 feet of gently—~dipping Madera was cut in an Empire
- Zinc Company (now New Jersey Zinc) drill holellocated west of the.
Connelly tunnel, in the southeast corner of the district. The top
of the Madera Limestone is exposed south of this area, covered
partially by landslide and talus material.- The Abo Formation,‘of
-Permian age, overlies the Madera east of the latite porphyry &ike
in the northern part of Section 17, T3S, RAW. East of the large
latite porphyry dike, the upper Madera is a sequence of interbedded
green argillaceous micrites and mudstﬁnes and sandy red mudstones
that are oeccasionally arkosic. Abundant limestone intrac%gsts are
characteristic of these beds. Several one- to fivemféot;thick, red,
arkosic quartzites are present very near the top of the Madera
fﬁgther east of the dike, Interbedded With_greén mudstones and

micrites. The red and green mudstones and micrites form a
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distinctive lithologic unit, of which about 100 feet is exposed' '
in the southern paft of the Kelly district. It ié probably
equivalent to Kelley and Wood's (1946) Red Tanks Member of the
Madera Limestone, Their Red Tanks Member grades downward'into
nearly 1400 feet of micritic limestones and upward into thé.Abo
Formation. Krewedl (1974, p. 22) reports that recent drilling one
mile west of North Baldy Peak, just east of the latite porphyry
dike (plate 1), penetrated’an appareptly umfaulted section éf
Madera Limestone nearly 1800 fee£ thick. ﬁo Abo Fofmation was
penetrated in the hole.

A maximum thickness of 1800 feet for the Madera is in accord
with known thicknesses of Madera Limestone in nearby ;reas
{(Kottlowski, 1960) and should be considered as a prébable naximum
thickness for the Madera in the southernmost part of the Kelly
district, ‘

Should this new value for the maximum thickness he correct,
there may be a deleterious effect on exploratién.for additional ore
bodies in the'Kelly Limestone outside of the main ore zone of the
district, as there would be as wuch as 1000 feet added to the
" minimum drilling depths té the Kelly in areas where faulting and
erosion have not reduced the thickness of the Madera.

On plate 1, the Madera is-divided into upper (Pmu) and lower
(Pﬁl) units where the stratigraphic level of the limestonéé are
known from mine'workings, drilling or stratigraphic cérrelation.
In this division, the lower Madera is considered to be the first

600 feet of massive limestones above the Sandia Formatiom.
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Permian System

Abo Formation

Overlying the Madera Limestone in the Kelly district is the
Abo Formation of Permian age. Due to faulting and erosion, the |
contact between the two umits can be seen only in the extreme
southern part of the district, east of the latite porphyry dike
(plate 1). The Pennsylvanian rocks in this area are probably

correlative to Kelley and Woad's (1946) Red Tanks Member of the

" Madera and have been described abowve. Although the exposures are’

not continuous or extensive, they have the appearan;e of a grada-—
tional contact between the Abo and Madera Forﬁations'and are inter—
preted as such by the'writer. Similar gradational contacts have
been described in nearby areas outside of the Kelly district
(Kelley and Wood, 1946). . |

The Abo Formation is widespread in the Kelly distriect and
typically consists of dark red to reddish-gray, fine- to = -
coarse-grained, sometimes shaly, sandstone beds, generally less than
one foot thick. Locally interbedded with the sandstones are lemses
and thin layers of green to gray, argillaceous sandstone that
apparently mark locally reducing conditions in the unit. Sand-—,
stone occasionally grades laterally into sandy shale. Small- to
nmedium-scale, low-angle, vipple cross~stratification‘and thin |
laminations are common; ripple marks{ muderacks and rain drop
impreSSionsAaré locally abundant. By contrast, im the conglomeratic
éuartzites of the Sandia Formation, primary sedimentary structures

are sparse and inconspicuous.
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Where fhe Abo has been affeeted by hydrothermal fluwids, such
as along some dike contacts and near quartz veins, the normal'
reddish coloration has been changed to green, similar to .the
greenish lenses described above. TheseAgreenish zones of£en contain
scattered pyrite, indicating that the original ferric iren ﬂas been
reduced and mobllized to form sulfide. |

_Hydrothermal fluids have had significant effects on. rocks
of the Abo Formation in éarts of the Kelly district, resulting in
the misidentification of altered Abo outcrops as rocks 6f the Sandia
Formation by Loughlin and Koschmann (1942, pl. 2).‘ They mapped a .
bold outcrop of fine~grained, crosshﬁedded, lighéireddish—gray to
grayish—gfeen, locally shaly, quaftziteé with an_intefbed@ed
limestone at the eastybase of Stendel Ridge és shales of the Sandia
Formation. During the remapping of this area, several comparisons
of the sandstones with outerops of Sandia shale and quartzite
" elsewhere in the district were made.  They were found to be quite
different. The Sandia shales are very fine-grained, gray to black,
locally carbonaceous, fissle rocks that weather to shades of browmn.
Sandia quartzites are gray to brown, generally coarse-grained and
exhibit few prominent sedimentary structures. |

In contrast, the rocks at the base of Stendel Ridge consist
of coarse silt to fine sand-sized, well-sorted, quartz sand with
subordinant feldspar. Sandy shales are interbedded with and grade
laterally into the sandstones. Thin micaceous selvages are locally
present and beddiug thickness is generally between six inches and
o;e foot. Planar laminations and ripple cross—laminations are

common. Mudcracks, -ripple marks and raindrop impressions are
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present. The interbedded, lenticular limestone is almost
fossil-free, in contrast with the fossiliﬁerous limestones of the
Sandia.

The altered rocks exposed at thé base~of Stendel Ridge weather -
to a reddish-gray teo grayish-green color, contrasting with the browns
and grays of‘the Sandia. Drill holes put down by American Smelting
and Refining Company kASARCO) along the east base of the ridge cgt.
more than 350 feet of apparently unfaulted, altered, interbedded
séndy shales, quartzites, limy shales and thin limestones. that are
interpreted by this writer as being equivalent.to the lower portion
of the Abo Formation. It is concluded thaf the outcrops.in the
Stendel Ridge area, originally_map;ed as Sandia shaleé by ioughlin
and Koschmann, are the Abo Sandstone of Permian age. Additional
work has revealed several incénspicuous outcrops of Abo sandstone,
dipping steeply to the west and surrounded by alluvium,'iﬁ
Hardscrabble Valley, east and scouth ;f Hérdscrabble Camp .(plate 1).

A small block of rocks §imilar to those transitional betwéen the
Madera and Abo is found in.the gulch just south of the Vindicator
shaft. |

Loughlin and Koschmann (1942) mapped a steeply—dipping.sequence‘
of altered limestones, shales, and quartzites north of‘Highway 60
and east of Granite Mountain as being a relatively normal section
‘of Paleozoic rocks ranging from Kelly Limestone on the east to Madera
Limestone on the west. The thickneés of the Sandia as mapped by -
them.is about 2400 feet, which they acknowledged as being anomalous-—
ly thick, but apparently considered possible under their interpre-

tation of a near-shore environment for the Sandia.
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Work by Siemers (1973), aided in thé field by this wrifer,
has established that this sequence is not a Kelly-Sandia-Madera
complex, as interpreted by Loughlin and Koschmann, but is instead
approximately 1300 feet of Madera Limestone, 690 feet of Abo
Sandstone, 525 feet of Yeso Formation, 135 feet pf Glorieta
Sandstone, and 660 feet of dolomitic limestone of the San Andres
Formation. All units above the Mader; Limestone are Permian in age.

The correct identification of these wnits in the Granite
M@untaiantendel Ridge area has sigﬁificant impliéations with
regards to‘the structural history of the Magdalena area which will
_be discussed under the structural section of this.paper.

The maximum thickness of the‘Abo was believed by‘Loughlin'aﬁd
Koschmarnn {1942, p. 21) to be about 175 feet, but more recent studies
indicate that the thickness ﬁay approach 700 feet as a maximum,
especially in areas outside of the main mining district. As a

result, the drilling depths to the Kelly Limestone may be further

increased in some areas.

Tertiary Rocks

Volcanic rocks ranging in age from 37 m.y. to about 26 m.y.
form a large part of the outcrops in the Kelly diStriét. Most rocks
so far distinguished can be related to one or more of several of the
volecanic features identified in the 'vregion surrounding the area of
this study. Definite sources have not yet been identified for
the rocks of the Spears Formation, but calderas formed during the

bomzyr .

eruptions of all of the ash-flow tuffs older than the Spears have

been recently recogﬁized. Studies are currently underway to further
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the understanding about these large calderas under. the direction of
the New Mexico Bureau of Mines and Mineral Resources.,

Because of their lack of knowledge of the regiomal geology
-and the detailed stratigraphy of the Datil wvolcanic rocks. Loughlin
and Koschmann (1942) had some errors .in their interpretations éf
the rocks and, therefore, structure in the Kelly district. Addi~
tional complications were made by the effects of hydrothermal £luids
on some of the rocks. Figure 1 is a chart correlating the strati—)
graphy as it is presently understood with the rock units identified
by Loughlin and Koschmann (1942) and Tonking (1957); - This correla-
tion is only partially complete; new studies now underway will

1

~ doubtless make changes in the chart of figure 1 neceséary.

Speafs Formation

The Spears Formation may be divided into two members: a lower
sedimentary unit of conglomerates and sandstones composed of latitic'
and andesitic volcanic debris, and an upper uwnit of interbedded |
volcanic and sedimentary rocks.” The volcanic rocks consist of
latite and andesite flows, tuffs and breccias, separatea.locally
from the lower member by a pink to white, gfyétalmpoor, poorly to
densely-welded latite ash~flow tuff known as the tuff of Wipple
Mountain (Brown, 1972). A latitic boulder near the base of the
Spears has been dated at 37.1 m.y. (Weber, 1971). G Togior WD

Rocks of the Spgérs Formation crop out in two maiﬂ areas of the
Kelly district: the Stendel Ridge area and south ofVChihuahua
Gulch (platé 1). In the Stendel Ridge area;_a nearly complete

section of Spears forms a large, steeply-dipping rood pendant in



Figure 1. Correlation chart of the Cenozoic Formations
of the Magdalena area.
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the Nitt Monzomnite. South of Chihu;hua Gulich, relatively fresh
Spears forms a large, gently-dipping, wedge—-shaped bléck between the
major range-bounding fault of the Magdalena Range on the west and
the main ore zone of the Kelly mining district on the east. Spears
rocks also accur as narrow fault slivers adjacent to the main
range~bounding fault west and south of fhe Waldo tunnel (plate 1).

| The total thiékness of the Spears varies locally. Tonking v
(1957, p. 27) gives a thickness of almost 1350 feet at the type
section at Hell's Mesa; approximately ten miles north of the‘
Magdalena district. Brown (1972) estimates a thickness of approxi-
mately 1950 feet in his study area, about five miles north of the
area of this report. The Spears in the northern part of the-
Magdalena district is estimated from cross secﬁions to be apprgxi—
mately 1700 feet thick, and the incomplete éection at ‘the squth
end of the district, composed predominately of volecaniclastic sedi-
mentary‘rocks and mudflow deposits, is estimatéd to have a thickness
of about 1800 feet.

~— The lower Spears is composed almost entirély of purplish pebble
to cobble conglomerates and thin, fine—gréined; often cross-bedded,
sandstones. The clasts are of latites and andesgites, distinguisﬁed ’
by thelr abundant small, white feldspar crystals and lack .of quart%.
‘Individual sandstone beds are rarely more than one foot thick; -
conglomerate beds and mud-flow deposits vary greatly in .thickness.
Some of the finer grained beds have a shaly character. Small
fluvial channels are distinguished by thin magnetite-rich layérs

at their base.
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These conglomerates and sandstones grade upward into.éoarser
conglomeratic rocks which contain sub-rounded to rounded clasts
ranging in size from less than one inch to gréater_than one foot in
diametexr. The size of the clasts has a tendency to increase with
éistance from the base, with coarse-grained conglomerates and laharic

‘breccias predominating in the middle pprtions of the formation.
Tonking (1957) intexpreted these deposits as represent;ng deposition
on alluvial fans, which may serve t§ explain the lateral and
vertical wvariability of the Spears in the Magdalena area.

Approximately 800 to 900 feet shove the base of the Spears in
the Kelly district is a pink to white, moderately weldeﬁ,‘crystal—poor
ash—flow tuff designated the tuff of Nipple Mountain by Brown (1972}.
This conspicuous wnit £ills paleochannels cut in the Spears and, Whilé
widespread, is often discontinuous in outcrop. Propylitic altera-
tion has bleached the pink tuff to white or dull green in some areas.
‘A conspicuous "turkey track" andesite beneath the tuff of Nipple
Mountain, reported by Brown (1972) in his study of the southern
Bear Mountains, was observed stratigraphically below the southernmost
exposure of the tuff in the Kelly district, southeast of South Camp
(plate 1). | ‘

The tuff of Nipple Mountain provides a convenieﬁt‘marker that
may be used to separate the:predcminately epiclastic lower Spears
from the mixed volcanic and sedimentary upper Spears. In the Stendel
Ridge area (plate 1), the upper Spears consists of 1aharic breccias
and volcaniclastic éonglomerates and sandstones that are inter-
bedded with andesitic flow rocks and latitic asheflow tuffs. The

uppermost Spears .in the Stendel Ridge area is a latite ash-flow
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tuff which grades imperceptibly into the overlying quartz latité
of the Hell's Mesa Formation. A distinctive hematite-stained
conglomerate that occupies cﬁannelé cut into the top of the Spéérs
section in the southern Bear Mountains (Brown, 1972) and in the
Granite Mountain area .(Chapin, oral commun., 1974) is missing din
the Kelly district; here the Spears-Hell's Hesa boundary is
considered to be the first appearance of abundant quartz phenoj
crysts in the latitic ash-flow tuffs.

Although incomplete due to faulting, the Spears‘in the southern
part of the district is similar to that at Stendel Ridgé. -Because
of the gradational nature of the Spears and the channel-type

&
occurrence of the tuff of Nipple Mountain, the contact between
the upper and lower Spears is nebulous in some areas and is only
_approximately located on the geoclogic map (plate 1).

The petrography of the Spears has been discussed in some
 detail by Brown (1972) and Tonking (1957) and is described briefly
below. A |

The lower Spears is a well-indurated unit‘containing rounded
latitic to andesitic glast§ ranging in color from purple to
. gray—green. The hand specimens have a porphyritic appearance due-
to varying percentages of feldspar, hornblende, and biotite. The
clasts are similar 'to the upper Spears latite flow-rocks, as most
of the clasts are porphyritic with abundant frachyticallyﬁaligned
feldspar and hornblende in a cryptocrystalline groundmass.
Minaralogically the clasts are fairly wuniform, consisting of
plagioclase, sanidine, hornblende, and biotite, with the percentages

of these major consituents varying with individual clasts.
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" The latitic ash-flow tuffs near the top of the Spears are
generally light purplish-gray to reddish brown. Wélding'is poor
to moderate and the hand specimens are characterized by .chalky
feldspar, bronze-hued biotite and dark andesitic lithic fragments.
Alteration may cause a color change to greenish hues and make the '
boundary between the matrix and the lithics less distincé. "These
tuffs have beén informally termed the tuff of Granite Mountain
{Chapin, pers. commum., 1976).

In the Kelly district, the Spears rests discoﬁformably or
with slight angularity on the Abo Formation of Permian age. The
basal five to ten feet of thelSpearS is commonly wxich in angular
to subrounded clasts derived from‘the underlying rocks. In the
Stendel Ridge-area, the contact. between the Spears and the Abo is
a conglomerate made up of aﬁgular, somewhat platy fragments of Abo
sandstone generally less than‘three inches in length in a matrix
of volcaniclastic material, Meaéurement of imbrication directions
indicate a source to the west or southwest. The lowermost Spears
elsewhere in the district.generally contains less reworked Abo, but
nonetheless contains between five and ten percent of fragments of
older rocks, including some pieces of Madera-type limestone. Thé
reiative abundance of fragments .of the Paleozoic rocks decreases
rapidly upwards in the Spears; they. are rarely seen more than
twenty or twenty-five feet above the base. Tonking (1957, p. 29)
describes a section of Spears in TIN, R6W, where the basal c;ntact
has many fragmeﬁts of older rocks, some as much as twenty feet in

" length.
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Hydrothermal alteration has significantly affected’ the rocks
in the northern part of the district. Propyliéization has changed
the normally red and purple andesites and latites of the Spears to
various shades of green and gray. [In the Stendel Ridge area,
alteration reactions have replaced hornblende With,chlétite, cal—
cite, quartz and iron oxides. Secondary quartz occurs asfsmail
aggregates, thin veinlets, and individual gfains. Calcite occurs
as irregular masses replacing the matrix material, as replacements
éf crystal fragments, and in veinlets. Sericite commonly replaces
feldspar and matrix, and epidote occurs as‘replacéments of crystal
fragments, matrix and as numercus blebs. Hematite.and magnetite
are commonly found in the matrix ;nd as replacements of ferro-magne—
sian minerals. Pyrite is locally abundant, particularly in the
mére intensely altered areas ﬁear faults and fracture .zones. The
contact between the Spears and the Abo along the east side of
Stendel Ridge (plate 1} was apparently very permeable, as the
volcanic matrix has been almost completely replacéd by epidote and
silica. The result is a distinctive outcrop of reddish.quértzite
fragments in a mottled, bright-green matrix. -

The hydrothermal alteration has had two signifipant effects :
(1) it has changed the normal reds and purples of the Spears to‘
greens and grays, and (2) it has caused the rocks to appear somewhat
"different in hand specimen and thin section, mostl& due to* the
addition of mimor amounts of quartz and the alteration of hormblende
apd biotite to chlorite and epidote. .It was these changes, along
with the lateral and vertical variability, that apparently caused

Loughlin and Koschmann (1942) to treat the Spears in an inconsistent
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and confusing manner. They distinguished five différent units,
based on outcroﬁ color and petrography, that were "derived from at
least two centers of eruption"”, (op. cit., p. 23). North of |
Highway 60, they'subdivided the Spears into four different units:
the "1owef latite tuff", "lower andesite", "upper latite tuff",
and "upper latité breccia"™. In the Stendel Ridge area, they lumped
all the Spears into an "upper latite" and "upper latite’ £flow”, |
while in the southern pért of the district they mapped only a
"purple andesite'.

Careful studies by Tonking (1957), Brown (1972}, and Chapin
(1974) have established the volcanic stratigraphy in the Magdalena
area. Itvis from their work and this study that correlation of
Loughlin and Koschmann's units can be made with the .Spears Forma-—
tion. Loughlin and Koschmann's "lower latite tuff,” “lower andesite”
and "purple andesite"” correspond to the lower epiclastic and ‘
‘middle epiclastic—volcanic parts of the Spears, respectively. Their
"upper latite", and "upper latite flow" and "upper latite breccia"
in the Granite Mountain area are correlated with the upper volcanic
‘member of the Spears (see fig. 1). |

Loughlin and Koschmann's (1942) "white felsite tuff", which
they interpreted as being the youngest extrusive rock in theydis~

T

trict, corresponds to Brown's (1972} tuff of Nipple Mountain, which

is near the middle of the Spears and thus one of the bldest volecanic

rocks in the distriet.
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Hell's Mesa Formation

Conformably overlying the Spears Formation in .the Magdalena
district are the quartz latite to rhyolite ash-flow tuffs of the
Hell's Mesa Formation. Tonking (1957, p. 30) named the formation.
for a prominent hill of that name on the east edge of the Bear
Mountains, where he measured a type section and assigne&.the.unit
to the Datil Formétion. The Datil Formation was subsequently
raised £o Group status by Weber (1971, p. 35) and the Hell's Mesé-
to formational. rank by Chapin (1971, p. 43)lBrown {(1972) subdivided
the Hell's Mesa Formation into several units, including the tﬁff
of Goat Springs, the tuff of Bear Springs, several andesite flows
and the tuff of Allen Well. In later studies {(e.g. Deal, 1973;
Simon, 1973; Chamberlin, 1974; Spradlin, 1974, and Lopez, 1975)
including this one, the name Hell's Mesa is restricted to the basal
crystal-rich, quartz-rich, maltiple-flow, simple ceoling unit of
Tonking's (1957) type section which correlates to Brown's (1972)
tuff of Goat Springs and, in part, to Loughlin and Koschmann's
(1942) "rhyolite porphyry sill." The overlying ash~flow tuffs and
interbedded andesites and sedimentary rocks have been designated
the A-1 Peak Rhyolite by Deal (1973). This usage has been followed
by subsequent workers except that they may prefer the term A-L
Peak Formation or Tuff because of the heterogeneoué‘éomposition of
the unit.

Three X-Ar dates on samples of the Hell's Mesa vary from
30.6 + 1.2 m.y. (Weber, 1971) to 32.4 + 1.5 m.y. (Burke and others,

1963) and average about 31.5 m.y.
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The Hell's Mesa Formation is one of the most widespread units
of the Datil volcanics. It is known to occur extensively north of
Magdalena in the Bear Mountains, to the east in the Leﬁitar Mounf
tains and easy‘of the Rio Qrande, and in the central Magdaleya
Mountains.

Gordon (1910) identified outtrops of the Hell's Mesa .as
granite porphyry. Loughlin and Koschmann (1942, p. 33) called it
a rhyolite porphyry sill and stated that it has the widest distri-
bution of the Tertiary .(?) formations in the district.‘ They noted
that it occurred over wide areas north and east of the Kelly dis—
trict and interpreted fhe formation .as a sill based on mineralogy,
texture, and the belief that it was slightly discordant to the dips
of the enclosing rocks. Titley (1959) accepted their interpretation.
in his summary of the geologic features of the Aistricﬁ.

Extensive field and petrographic work by Brow£ (1572) has
established with certainty the effusive character of the Hell's
Mesa, and the reader is referred to his work and that of Tonking
(1957) for details.

The Hell's Mesa Formation, Which has been altered by hydro-
thermal fluids everywhere .in the Magdalena .district, weathers
light tan to ?eddishubuff and forms rugged.outcropé with blocky
talus. The wnit is moderately to densely weldgd and contains
approximately 45 to 535 percent crﬁstals and crystal fragmen;s;
Sanidine, plagioclase, quartz and biotite are the major phenocrys;s.
Quartz is often in distinctive "eyes" measuring as much as six
millimeters in diameter. The base of the unit is often 1i£hic~rich;

pumice is mnot generally conspicuous, although it is plainly visible
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in some cuterops. Propylitic alteration has affected the Hell's
Mesa in all exposures. Epidote, célcite, chlorite and_sericite are
present asg alteration products in va?ying_amounts. Many oukcrops
are sﬁeckled with limonite psuedoﬁorphs’after pjrite. Hell's Mesa
rocks in the fault sliver between the main part of Stendel Ridge
and the low hills to the northwest are intensely sltered to a
clay-quartz—-sericite assewmblage which may be the fesult of supergene
alteration of originally pyritized séricitic rocks. . Iron oxide
after pyrite is much more common in this area.

Within the Kelly district, rocks of the Hell's Mesa Fofmation
héve been positively identified only north of Chihuahua Gulch and
south of North Baldy Peak. Hell's‘Mesa caps "7610" hill at the
head of Hardécrabble Valley (plate 1) and covers the upper parts of
the southwest side of Stendel'Ridge, where the gradational contact
with the underlying ash~flow tuffs of the upper Spears Formation
may be observed. Many xenoliths of Spears and Hell's Mesa rocks
have caused considerable hybridization of the Niti Monzonite where
it has intruded those rocks in the "7610" hill area;

A narrow fault sliver of Hell's Mesa crops out in the pass
between the main portion of Stendel Ridge and the 1owfhills to the
northwest. West-dipping Hell's Mesa also'forms'a'small hill rising
above the alluvium in the extreme northern part of the mapﬁed area
(plate 1). ' .

" Crystal-rich ash-flow tuffs identical Eo the Hell's Mesa occur
in the much-faulted area west of thé Wal@o Mine (plate-1). In
several places, the flow-banded member of the overlying A-L feak

Formation is fused to Hell's Mesa tuffs.
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Cauldron Fill Facies: Extensive exposures of rocks equivalent

to the Hell's Mesa algo occur south of Narth Baldy Peak. In this
area, an impressive 100-foot thick outcroﬁ qf‘moderatelydwelded
Hell's Mesa tuff is exposed, forming a white bluff visible many
miles away (fig. 2). Ne;r the trace of the North Fork Canyon fault
(plate 1 and fig. 8), the tuffs of the Hell's Mesa Forﬁation contain
approximately 10 to iS percent of lithic fragme;ts of‘Spears vol—-
canic¢ rocks with én occasiongl piece of Madera Limestone. These
tuffs are interbedded with layers of breccia composed of approxi~
mately 85 to 90 percent Spearsxand 10 .to 15 percent Madera Limestone
with minor amounts of Abo sandstone. These lens-like deposits are
1andslideé and mud-£flow deposits m;rking the bases of indiyidual
ash flows in the Hell's Mesa (figs. 2 and 3).1 The size of individual
fragments in the breccias ranges from sand to rare boulders approxi-
mately six feet (2 m.) in diameter, with an estimated average size
of approximately 6 to 8 inches (15 to 20 cm.). The matrixhis'com—
posed of finely abraded Spears material intermixed localiy with
small amounts of tuffaceous material resembling the .crystal-rich
Hell's Mesa. These rocks are capped by a 100-foot thick layer of
volcaniclastic sandstones and conglomerates composed almost entirel§
of Spears material. The Hell's Mesa eprsed in the bluff is
continuous with, and grades into, thick, moderately to densely-welded
Hell's Mesa tuffs about 2000 feet to the south. ‘ .

The characteristice of the Hell's Mesa in the afea just south
aqd west of Noréh Baldy is essentially identical to the caldera
£fill materials that Lipman (1976) describes in the western San Juan

Mountains of Colorado. The interbedded breccias seen in the area



Figure 2, Outcrop of the cauldron~fill facles of the Hell's Mesa ash-flow tuff soﬁth of North
Baldy Peak. Individual eruptions are commonly marked by thin anesitic mudflows at their
base (dark gray zones). ‘

£e
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Figure 3a. Lens of mesobreccia in the caldera-fill facies of the
Hell's Mesa Formation. M = mesobreccia
T = Hell's Mesa tuff _
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Figure 3b. Contact of mesobreccia shown in 3a with the enclos—~
ing Hell's Mesa tuff. The contact is welded to the meso~
breccia material, which is composed of fragments of
Spears, Abo, and Madera rocks. Thin films of ash-flow
material are found around many of the fragments.
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;outh of North.Baldy gorresponds to. Lipman's (;g.;gig., p. 1398)
mesobreccia ané are here interpreted as such. The Heil‘é Mesa in
this area is inferpreted to have been depésited adjacent to a
topographically high area formed during .the collapse of the North
Baldy cauldron, the source of the Hell's Mesa ash~flow tuff, which
is centered south of North Baldy .Peak. ‘

The mixture of Spears, Madera and Abo rocgs in the breccias
may indicate that the lowermost Spears .and lower Abo-upper Madera
were exposed in the caldera wall.' Alternatively, the Paleozoic
-fragments seen in the breccia may only reflect reworked material
from the lower Spears. Ingsmuch as the cauldron~f£ill facies. of
the Hell's Mesa overlies directly the Abo and Madera rocks north
of the projected trace of the North Fork Canyon fault (plate 1
“and fig; 8), the first‘hypothesis seems most likely.  Details
éoncerning the actual extent of the cauldron-fill facies and its
relationship to the North Baldy cauldron are not known as of this
writing, but Krewedl (1974, p. 39) reports that thin volﬁaniclastic
sediments occur in the Hell's Mesa as much as 2.5 miles south of
Noxrth Baldy Peak.

The true thickness of the Hell's Mesa Formation is nowhére
exposed in the Kelly district. Thicknesses elsewhere range from

zero to 640 feet (Chapin, 1974), and Krewedl (1974, p. 39) has

| estimated that the tuffs may be as much as 3850 feet thick.in
central Magdalena Range. The maximuﬁ estimated thickness in the
Kelly district north of North Baldy is 450 feet, which was used in
the construction of cross sections om plate 1. Actual thickness

may later prove to be much different.
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A-I, Peak Formation

The A~L Peak Formation is a composite ash—flow sheet (Smith,
1960) pf WiAespread occurrence in west—central Socorro County.

The formation was named A~L Peak in the northern San Mateo Mountains
by Deal aﬁd Rhodes (1976), who described a thick sequence of
crystal-poor rhyolitic ash~flow tuffs unconformably overlying the
Hell's ﬁesa Formation. No reliable dates have yet been obtained
from the rocks of the A-1L Peak Formation. Chapin kpers. commun. ,
1976) believes the flow—banded.member to\fe slightly older than

the Anchor Canyon and Nitt stocks (28 m.y.), which intrude the

A~L Peaﬁ in the northern part of the Kelly district. -

Deal (1973) delineated a large resurgent cauldron centered
about Mt. Withington in the San Mateo Mountains, about eighteen
-miles west of the Kelly district, where the ArLIPeak Rhy&lite is
more than 2000 feet thick. Simon (1973, p. 15) reported.a
north~south axis of transporf for some ash flows in the A-L Peak
as determined from elongate pumice fragments in his study area
north-northeast of the San Mateo Mountains. Several azimuth
directions derived from stretched pumice in the flow-banded member
of the A-L Peak indicate a northeast-southwest transpo¥t direction
in the central part of the Kelly district. Receﬁt reconnaissance
work by €. E. Chapin and others has reveale&xthét the Sawmill
Canyon area of the southern Magdalena Mountains may be ano;her
source area for at least some of the A-L Peak Formation.

Within the San Mateo Mountains, Deal (1973) described the A-L
Peak Formation as a 2000-foot-thick sequence éf crystal-poor

rhyolitic ash~flow tuffs. Outward from the San Mateo Mountains,
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the A-L -Peak is thinner and has-andesite flo%s and ﬁolcaniclaétic
sediments. North of the Magdalena district, Brown (1972} ﬁamed

the unit the tuff:of Bear Springs, ﬁhich he subdivided into six
members having an aggregate thickness of about 1000 feet. Woodward
(1973) noted eight members in the Formation and recorded a 1400-foot
thickness in the Lemitar Moumtains approximately fifteen miles
east-northeast of Magdalena. Simen .(1973) distiﬁguished six

members of the A-L Peak Feormation with an estimated total thickness
of 700 to 900 feet in the Silver Hill area. Within the Magdalena
Mouﬁtains, Krewedl {1974) recorded a.sequencé of A-1, Peak-like tuffs
and andesites with a reported maximum thickness of about 4000

feet in the central part of the range.

Within the area of this study, .the A-L Peak Formation may be
‘comprised of three rhyolite:ash"flow members which are locally.
separated by andesite flows. The members are, in ascending order;
(1) the gray massive member, (2) the flow—bande& tuff and associated
sediments, and (3) the pinﬁacles member, The thickness of the A-L

.Peak Formation in the Kelly district cannot be accurately determined
because of faulting and limited exposures, but a reasoﬁablé esti-
mate is 500 to 800 feet. Because of the composite character and
incomplete knowledge of the détailed.stratigraphy of the A~-L Peak
Formation, total thicknesses and local stratigraphy may vary from
those cited in this paper. -

In view of the fact that Brown (1972) and Simon (1973) have
rather detailed petrographic descriptions of the various members
of the A-L Peak Formation, only pertinent features of the rocks

readily distinguishable in the field will be described below.
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Gray Massive Member — The gray massive member is described

by Brown (1972) as the basalAmember of the A-L Peak Formation in
the southern Bear Mountains. The wnit ig a massi;e, erystal-poor
rhyolitic asﬂ—flowktuff characterized by a distinct paucity of
crystals. Phenocrysts rarely exceed 10 ﬁercent of the total vock
volume, with euhedral sanidine as the most abundant phenocryst
accompanied by quaftz, biotite, and rarely, plagioclase. Thé
mit has not been positively identified in the Keily district,
but one small outcrop of well-altered c?ystal—poor rhyolite tuff,
nmeasuring ne more than a few feet square, possibly éorrelatiﬁg to
the gray-massive member, is exposed just west of the Contact shaft.
It appears to be a sliver along the Waldo fault zone.

Flow-Banded Memher ~ The flow-banded mewber of the A-L Peak

‘Formation is densely-welded, crystal-poor ash~flow tuff charac—
terized by a conspicuous flow-banding marked by flattened .and
elongated gas cavities (the "lenticulties" of Méckin, 19605 and
pumice. Outecrops of the flow-banded tuff ugsually have a platy
fracture parallel to the foliation, and banding is often.éontorted
in asymmetric foids of varying W;veiengths. Phenocryst content is
generally less than 10 percent, consisting almost wholly of sanidine
and gquartz. |

The flow-banded memberlis widespread within the Kelly district,
occurring in a'discontinuous band west of the major range-bounding
fault from Stendel Ridge to the high ridge at the southern boundary
of the mapped area. Within this-area, thé flow;banded tuff has
been wvariably affected bf alteration. In the low hills northwest

of Stendel Ridge, the flow-banded unit exhibits shades of brown
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and purple and is hornfelsig, apparently haviﬁg been ﬁaked.by the
umderlying stock. In the area northwest of the Walde tunnel, the
stéeply~dippiﬁg tuff has been bleached and is }ocally pocked with
limonite pseﬁdomorphs.after pyrite, .Still further south, in ex-
posures along the high northwest~itrending ridge at the southern
boundéry of the study area, the flow-banded unit has been exten-—
sively brecciated and silicified along a northwésfntrending:fault.
Here the tuff is usually light to medium gray, with contrasting
iiéht~colored strétched pumice. In the fault zone, angular frag-
ments of the flow-banded wmit are readily visible in aneaé of
vuggy breccia, but fragments zre distinguishable only on close
inspection in those areas where the breccia.is cemented by gray
silica that often has a finely-banded appearancé. Away . from tﬁe
fault, the tuff is less-silicified amd purplish hues, typical of
the fresh flow-banded tuff elsewhere, are common; The flow—bandeﬁ
member is found in welded contact with the-underlying Hell's Mesa
Formation in the area south and west of the Waldo tunnel. 1In one
fault block just west of the Waldo, the contact between the units
appears to be marked by a small conglomerate—filled channel cut
into the older rock. The contact with the overlying pinnacles
member Is variable, but appears to be unweided, as it is marked
by the abrupt appearance of poorly-welded pumice fragments and
local volcaniclastic sedimentary rocks. The outﬁrop of flow-banded
tuff in the léw hills northwest of StendelvRidge contains what
appears to be a fault-controlled (?) channel filled with stratified,

coarse~grained volcaniclastic sandstones,.
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The true thickness of the flow-banded member of the A-L Peak
Formation in the Kelly district is impossible to determine because
of limited expoéures. Brown t1972) reports-a thickness of 120
feet in the s;uthern Bear Mountains, and the mit is proﬁably no
more than 200 feet thick in the area of this study. |

Pinnacles Member - The pinnacles mewber in the Kelly district

is a moderately to demsely-welded rhyolite ash-flow tuff that
corresponds to the "upper tuff" of Browa's (1972) tuff of Bear.
Springs and to Simon's (1973) "pumiceous membér". The exact PéSif
tion and character of the tuff above the flow-banded member is
poorly understood. In the southern Bear Mountains, the pinnaﬁles
member (as uged in this paper) is separated froﬁ the floWubgnded
member by andesite. Simon (1973) reports no such andesite.in the
"Silver Hill area. Within the Kelly district, both situations may
be present; West of the Waldo tunnel, the flow-banded unit is in
sharp contact with a moderately-welded rhyolite ash-flow tuff that. -
differs from the underlying units in its lesser degree of welding
and consequently more ovoid or lenticular pﬁmice fragments énd By
the apparent lack of any contorted flow-banding. The unit is
apparently more porous and permeable, as it is usually the more
highly altered of the two rocks. Other small exposurés of the

tuff are exposed between North Camp and the Kelly townsite, where
#he tuff is also intensely altered and has been bléached to éolors
ranging from cream to orange. Locally—conspicuous pumice have heen

stained purple, possibly by solutions containing manganese.



The pinnacles meunber 1s missing .above the flow~banéed unik
south of Chiﬁﬁshﬁa Gulch. Instead, the flow-banded unit is suc-
ceeded by approﬁimately 200 feet of non—porpﬁyritic andesite
(see plate 1). '

Andesites Interbedded in the A-L Peak —~ Andesite is found

interbedded with the A-L Peak rocks only at the extreme socuthern

edge of the district, where it separates the pinnacles member from
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the flow-banded member. Andesite is found interbedded at different

stratigraphic positions at various places outside of the Kelly
district. Simon {1973) and Brown (1972) report andesité ﬁetween.
thevpinnacles menber and the tuff of Allen Well; Brown also deg—
cribes andesite between the flow~baﬁded member and the pinnacles
member. Woodward (1973) reported a thicker sequence of aﬁdesite
flows at both ‘of the above stratigraphiclpositions in the Lemitar
Mountains. _ ' ‘

The andesites ave typically dark and outecrops weather to

talus—covered slopes. Lineated amygdules are commonly filled with

quartz, calcite, or celadonite. The fresh surfaces of the andesites

range from gray to dark reddish-brown, and generally weather to
lighter shades of brown. The interior zonmes of the flows are
generally dense and aphanitic with a few phenocrysts of pyroxene
and/or olivine. The pyroxenes are usually hematized, giving the
rocks a close similarity to the younger La Jaré Peak andesites.
The flow tops and bottoms are vesicular and autobrecciated. Thin
volcaniclastic sandstones are locally intercalated with the flows.
Andesites of similar character are found as faulted remants

rimming the western and northern sides of the hill on the north
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. gide of the mouth of Mistletoe Guich. Outcrops of the andesite

"at the southern edge of the district indicaée that the thickness
of the unit is ;pproximately 300 feet. The andesite is believed
to fill erdsion‘channels in the A-L Peak tuffs and may pinch out’

rapidly.

Tuff of Allen Well

The name tuff of Allén Well is applied to a rhyolitic, mul-
tiple~flow, compound cooling wmit that ?isconformably oyerlies_the
pinnacles member of the A-L Peak Formation. Chambeflin.(in.pre;.)
and Osburn (in prep.) have recently identified the source of the
tuff of Allen Well as the Socorro Cauldron(s); centered in the
Chupadera Mountains, south of Socorro. The Socorro Cauldronks}A
'oécurs at the northeastern end of a group oonverlapping cauldrons
which extend southwestward through the Magdalena and San Mateo
Range (see fig. 7).

The tuff of Allen Well is composed of two ﬁembers: a
crystal;poor lower unit which strongly resembles the gray massive
member of thg A-1, Peak Formation and a crystal-rich ﬁpper'member'
which is very similar in appearance to the Hell's Mesa Tuff.

Beth the-upper and lower members are present in the Kelly distridt;
all ouﬁcrops of the tuff océur south of the Kelly townsite (plate 1).

The upper part of the densely-welded, crystal-poor lower
member of the tuff is exposed in the low hi}ls approximately 2000
feet ESE of the old charcoal oven, in the central part of Section

1, T3S, R4W (plate 1). It is seen to be welded to, and grade

upward into, the crystal-rich upper member. The upper member may



be distinguished only with difficulty from &he Hell's Mesa Tuff in
hand specimen by the slightly greater ratio of matrix .to crystals
~and the somewhat .greater biotite content of the tuff of Allen Well.
The similarity between the tuff of Allen Well and the Hell's Mesa
has caused some confusion in earlier studies. .

Faulted silicified remmants of the tuff of Allen Well oc;ur,
surrounded byuandesites of the A~L Pgak Formation, near the mouth
of Mistletoe Gulch (plate 1)}; another brecciated and silicified
sliver of the lower member occcurs enclosed in andesites of the
Andesite of Landavaso Reservoir at .South Camp (plate l)." A flat—
lying outcrop consisting of both mémbers of the tuff caps ridges
at the southern end of the mapped area, where it overlies andesites
of the A-L Peak Formation (plate 1). The tuff is overlain by
andesites similar to those found interbedded in the A-L Peak on
the "9618" peak approximately one mile west of North Baldy.

" The maximum exposed thickness of the‘tuff in the Kelly dis-
trict is about 200 feet. Chamberlin (iﬁ prep.) reports aé ﬁgch as
500 feet of the lower member and 500 feet of the upper member withi
the Socorro cauldron. He has renamed the unit the Lemitar Tuff,
after béttef exposures of these vocks in his study area.' Simon
(1973) reported a partial thickness of almost 100 feet at the type
locality. Chapin (pers. commun., 1977) reports a K~Ar age of
é6.3i;.0 m.y. for the upper mewber of the tuff.. . This aée would
indicate that the tuff of Allen Well was erupted subsequent to
the intrusion of the Nitt and Anchor Canvon stocks (28 m.vy.) and,

therefore, may have flowed inteo the depreséion formed by the
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collapse of the Magdalena. cauldron,.formed during the eruption of

the flow-banded member of the_A—L Peak Formatiom.
The Andesite of Landavaso Reservoir

The andesite of,Léndavaso Reservoir is a highly:variable series
of porphyritic andesite flows named for exposures neat Landavaso
Reservoir, west of the Kelly distriet (Simon, 1973). The andesite
is correlative to several units mapped—by Loughlin. and Koschmann
(1942)‘in the southwesterﬁ part of the Magdalena district, including
their "red andesite", "red rhyc;lite", and "upper andesite® (fig. 1).

Exposures of the andesite in the Kelly district are yestricted
to the avea south of Kelly and west of the Soﬁth Camp fault. The
_ andesite, capped by upper tuffs, forms the bulk of the high ridge
in the west half of Section 13 in the southwest corner of the dis-

" trict, and is exposed on most of the low, rounded hills north of
South Camp. Variable lithologles and hydrothermal alteration
appear to have caused Loughlin and Koschmann (1942, p. 28-29) fo
distinguish three different facies in the unit and to confuse:
andesites in the A-L Peak Formation with those in this unit.

Exposures of the andesite of Landavaso Reserveir are generally
confined to small ledges or outcrops on the larger hills and to
gbundant blocky f;agments covering the ground in areas of léwer
relief, The andesite is'composed of a numbexr of flows that are
highly variable in both‘éomposition and texture.u They are dis-
tinguished from the andesites of‘other units by their highly wvariable
character and the fact that they tend to be porphyritic, with

phenocrysts of plagioclase, pyroxene,'and biotite being relatively
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conspicuous, Fresh surfaces are commonly shades of. gray ox

' reddish~gray and tend to weather to shades of reddish-brown or
brownish-gray. The flows are often vegicular, with vesicles being
as'much as one centimeter in diameter,'occasionallj filled with
calcite, opal, or celadonite. Irfegulax bands of hematite
staining are common .on. most outcrops.

The thickness and lateral extent. of the individual. Flows
cannot be determined because of limited exposures. Zénes of
auto-brececiated flow material are common in the basal portions of
many of the flows. Some flows appear to be entirely brecciated.

Alrhough a detailed strétigraphic study of the'andesite of
Landavaso Reservoir is not includéd in this repért, this writer
noted that what appeare& té be altered 1atitic'ér rhyolitic ash-flow
tuffs were interbedded with fhe andesites of this unif, One such
tuff was noted in the low hill just southeast of the oid charcoal
oven in the west half of Section 1, T35, R4W and another‘in the
extreme southwestern part of the mapped area (plate 1). The actual
extent and relative amounts of the ash-flow tuffs in the andesite
of Landavaso Reservoir will require further detailed work.

Simon (1973, ». 36), in his petragraphic study of the andesite
of Landavaso Reserfoir, observed that they were porphyritic with a
felty to pilotaxitic groundmass. He noted that pheﬁocrysts; con—
sisting largely of plagioclase, pyroxene,-biotité and hornblende,'
formed 15 to 40 percent of the total rock volume, with plagioclase
being the dominant mineral. He was able to‘disﬁinguish.four types of
andesite Flows: (1) nlagioclase—pyroxeﬁe, (25 plagisclase*biotite,

(3) plagioclase-pyroxene btiotite, and (4)'plagioclase-hornblende.
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Loughlin and Koschmann (1942,‘?. 29) fdentified the altered,
variable volcanic rocks forming the low hills north of South Camp
as "red rhyolites" and noted that' it resembled their "red andesite"
but was somewhat more pale. in coloxr. and was distinctly silicified.
These rocks have been. identified as altered fiows of the andesite -
of Landavasc Reservoir. The rocks here are 1océlly intensely
brecciated and silicified. Barite and drusy quartz are locally
present, especially along larger fractures and in someivués. Minor
copper staining has enticed prospectors to dig swall pits on some
of the moré promising shows,

The true thickness of the andesite of Landavaso_Raservoir is
nowhere exposed in the Kelly district. Recent regional work has
indicated that the andesite of Landavaso Reservoir is restrictéd
.largely to the geographic area of the Magdalena cauldron, the
eastern boundary of which is dinterpreted in this paper to extend-
northward through the Kelly distxict., It thus appears that the
andesite is part of the cauldron £ill of the Magdalena Caﬁldron.

As such, the thickness in the south end of the.Kelly‘district could
. be considerable, and coulﬁ exceed the 800 feet reported by Simpn
(1973) in the Silver Hill area. A

None of the andesites‘has been dated; howeﬁef,.they 1ie

between the tuffs of the-ArL Peak Formation (about 28-29 m.y.)

and the 26 m.y.-old Upper Tuff. . .
Upper Tuff

Crystal-rich ash~-flow tuffs cap the andesite of Landavaso

Reservoir west of the South Camp fault in section 13 at the extreme
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§§uthern edge of the district. The tuffs are light-gray to. light
brownishrgray—on fresh surfaces and generally ﬁeather to a |
purplish-gray. The outcrop5'form'somewhat'resistant.ledges and
blocky talus. Hand specimens are typically demnsely welded and
contain phenocrysts of gquartz, chatoyan£ sanidine, ﬁlagioclase,
and some coppery-hued biotite. These tuffs are similar to the
Potato Canyon Rhyolite described by Deal (1973), and Deal and
Rhodes (1976). Partial thicknesses of the Upper Tuff measured at
the southern edge of the Kelly district approach 250 feet. Thick~
nesses of similar rocks elsewhere range from.3360 feet in the San
Mateo Mountains (Deal, 1973) to at least 600 feet in the Silver Hill
area (Simon, 1973, p. 40). A fission-track date of 30.3j;;6 meYe
was obtained on a sample 200 feet abové the base at the type section
‘0f the Potato Canyon Rhyolite in Ehe San Mateo Mountains by Smith
and oﬁhers (1973), but Chapin (pers. commun., 1976) has recently
‘obtained a 26 m.y. age by the K-Ar method on a éorrelative unit in
the Joyita Hills. |

The Upper Tuff also appears to be a cauldron. £fill unit that
flowed into the depression formed during collapse of the Magdalena
cauldron. The Upper Tuff has aﬁ age roughly equivalent to the tuff’
of Allen Well, a post—A-L Peak umit, and may be equi%alent-to the
intracaldera tuffsband sedimentary;rocks desgribed below. Osburn
(in prep.) has recently identified a thick sequence of crystal-rich.
tuffs within the Socorro Cauldron (the tuff of South Camyon) that

may be equivalent to the Upper Tuffs.
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Intracaldera Tuffs and Sedimentary Rocks

A series of felsic tuffs and sedimentary-rocks occurs on the
isolated cresent-shaped hill west .of the-Kelly towmsite. At the
eastern base of the hill, about 40 feet ofvvolcaniclastic sedi~
‘mentarynrocks and possible air-fall tuffs are in probable. fault
contact with A-L Peak-like andesites to the east (ﬁlate 1).  The
sedimentary ¥ocks exhibit good lamina? Bedding with. individual beds
generally not exceeding two inches in thickness. Cross—gedding
is not common. They contain a few percent of lithic fragments,
most of which appea¥ to be pieces of crystal-poor ash~flow tuff.

Overlying the sedimentary rocks is a series of unwelded to
moderately-welded, crystal—poor to crystal-rich, ash-flow tuffs.
Directly overlying the sedimentary rocks is a crystal-poor unit
containing moderately to densely-welded pumice as much as foux
inches in length. This tuff contains approximately 10 percent of
crystals, predominately guartz -and orthoclase:ZFelsic'lithic frag-
ments comprise about 20 percent by vblumé of this ?uff and aﬁpear
to be concentrated mostly in the central part of the unit, which
may mark a contact between two gimilar ash;flow tuffs. Other
crystal—-poor tuffs, with varying amounts of pumice and exhibiting
varying degrees Pf welding, overlie Fhis basal unit., Interbedded
with these ecrystal-poor tuffs is a crystal-rich unit less_than
fifteen feet thick that forms discontinuous outcrops om the
western side of the hill. The crystal-rich tuff is similar in
m;ny respects to fhe tuff of Allen Well, apd some crystal—riéh

tuffs in the Potato Canyon Bhyolite (Deal, 1973). The unit
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contains conspicuous quartz phenocrysts‘anq crystals of plagioclase
(?7) and biotite. Flattened pumice as much as one inch in length
give the tuff an eutaxitic structure and are particularly abundant
towards the base of the .unit.

* These tuffs are overlain by dense, red and brown, non-porphyri-
tic andesites similar to andesites of the A-L Peak Formation.
These andesites form an:.arcunate ‘outerop in the tuffs, which sug-
' gests that they may £ill a channel eroded in the ash-~flow tuffs.
The andesite is apparently not equivalent to the similar La Jara
Peak Andesite, as it has been hydrethermally altered. Widespread
hydrothermal alteration preceeded deposition of the La Jara Peak
Andesite, (Chapin, 1971b). ‘

The tuffs and Se&imentary rocks have'been intensely altered
and are a uniform cream to light orange, speckled profusely with
tiny limonite psuedomorphs after pyrite. Alteration of the tuffs
ié as severe as any in the district and may be related to filuids
circulating along the margin of the Nitt stock, which is probably '
under the alluvium at no great distance to the north.

The extensive alteration of the tuffs and sedimentary rocks
in the hill west of Kelly cause the tuffs to resemble somewhat .
the rhyolite ash-flow tuffs of the A-L Peak Formation. This -
similarity’led Loughlin and Koschmann.(19425 to correlate thesé
rocks with theirx "fink rhyolites" and to equate the crystal-rich
tuffs with their "rhyolite poxrphyry sill'. More detailed knowledge
of the volcanic.stratigraphy‘has shown that Fhe upper - tuffs are
nét eﬁuivalent to the rocks of the Hell's Mesa and A-L Peak

Formations but are,.in fact, younger.
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The tuffs and volcaniclastic sedimentary rocks are interpreted
to be intracaldera deposits within: the Magdalena-Cauldron.. They are
products of post—éauldron collapse ash~flow tuff eruptions and
erosion of older vrocks within the cauldron.. The depcsition.of these
rocks preceeded the eéuption of the La Jara Peak Andesite and may
have been cﬁntemporaneous with the deposition of the andesite of
Landavaso Reservoir. -The outcrop west of the Kelly townsite may
represent only a small part oﬁ a larger mass of similar céuldron~fi11'

depoéits buried under the La Jara Peak Andesite. -

Tertiary Intrusive Rocks

Several large dike- or stogﬁmlike intrusive bodies of Tertiary
aée are now known within the Keily mining district. Two of these
bodies, the Anchor Canyon and Nitt stocks, are fart of a large,
composite pluton intruded along the eastern margin of the Magdalena
Cauldron and designated the Magdalena pluton by C.. E. Chapin
(pers. commun., 1973). The Nitt Monzonite and Anchor.Canyon Granite
are distinguishable bodies within the larger intrusive mass that has’
a north-south dimension of six and one-half miles and.has a maximum-
east~west dimension .of four miles. Within the pluton . are a variety
of f;cies ranging from andesite at the borders through alkali éabbfo
(D. Braun, pers. commun., 1974) and mafic monzonite to quartz
monzonite and gramophyre. |

The latite porphyry of Mistletoe Culch occurs’ as several
large dike~like bodies in the southern part of the disfrict, which
may represent part of a ring dike along fhe-east edge of the

Magdalena cauldron. In the same area, the Linchburg Quartz Monzonite
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forms a body'of wmknown size. and geometry which is eﬁposed only in
the workings of the Linchburg mine.' Both of these intrusive rocks
appear to have had significant effects on the patterns of hy&ro~ :
thermal alteration and.ore deposition within the Kelly mining dis—
trict. Other intrusive bodies are knovm from iimited drilling at
North Baldy Peak and'néar the‘Vindicator Mine. . .
Dikes are common. within the Kelly district, especially in the
area north of Chihuahua Gulch (élate 1). Many of the dikes .can be
correlated to one or another of the known stocks, but no dikes are
known for several of the buried intrusives. TFigure 4 shows the
distribution of the knowm exposed and buried intrusive bodies in

the Kelly distriet.

Anchor Canyon Granite

'The Anchor Canyon stock is the largest exposed intrusive body
in the Kelly mining districé. It is exposed over about 2-1/2
square miles at the northern end of the district, east of
Hardscrabble Valley. The rock of the stock, which has been déted
at 28.3 m.y. (Weber and Bassett,11963) was initiallyxdescribed as a
granite by Loughlin and Koschmann (1942), Park (1971) found it to
be a composite, horizontally and verticaily zoned intrusive com—
prised of four distinguishable facies whieh include: (1) augite
quartz monzonite, (2) hornblende biotite quartz monzonite, -(3)
augite granite, and (4) hormblende bictite granmite. Park foumd
that contacts bétween lithologies are gradational and that there
is a systematic compositiocnal variation in both the wvertical and

east—to~west directions.
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Figure 4. Index map showing locations of exposed and known
or suspected buried intrusive rocks: (1) Anchor
Canyon stock, (2) Nitt Monzonite, (3) Vindicator .
intrusive, (&) Linchburg stock, (5) North Baldy stock.
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In the field, rocks of the Anchor Canyon:stock appear leuco-
cratic, with tﬁe color of fresh rock varying from light- to
dark-pinkish~gray with increasing grain size (Park, 1971, p. 23).
The rock weathers to buff, is resistant to erosion, and forms |
especially rugged outcrops in the Hardscrabble Gulch and Apcho¥
Canyon areas. Sphene is conspicuous in some areas, which accord-
ing to'Park, correspond to the augite-quartz ﬁonzonite facies of
the stock,

Park's study of the Anchor Canyon stock inclﬁdes a detailed
description of the mineralogic aﬂd geochemical variations of the
intrusive in which he notes that the major constituénts include
plagioclase, orthoclase, microperthité, quartz, biotite, hornblende;’
and augite. Major accessory minerals include magnetite, épatite,

-sphene, zivcon and allanite. His study indicated that the stock
was not significantly hydrothermally altered, as sericitization of
plagioclase 1s scant and chloxitization of biotite is minor.

Contacts with the wall rocks are generally sharp and xencliths
‘are common neaxr the margins. Xenoliths include quartzite, Pre-
cambrian granite, monzonitie rock, and limestone, and ranéeiin gize
from a few inches to more than two feet in diameter (Park, op. cit.,
D, 42)._ Park notes that contact metamorphic effects are generally
absent or are very minor; few such effects were seen in the field

. by this writer. iy

The western boundary of the stock is marked by the Vindicator
fault, along which there is no apparent contact at the surface

between the immedisztely. adjacent limestones and the stock, due to

the intervening white rhyolite dike. Along this zone, the Anchor
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Canyon Granite Showé little evidence of significant. hydrothermal.
alteration at the surface, although the Paleozecic rocks have been
congsiderably altered and metasomatized over large areas. just a

few feet away. Recent drilling along the coﬁtact’zoge.has revealed
that the Anchor Canyon Grani£e has been altered at depth in certain
areas. The granite has been intemnsely sericitized locally, and
disseminated pyrite and specularite are abundaqt in some areas
adjacent to the Vindicator Fault. Minor chalcopyrite is found in
veinlets and as sparse disseminated grains in the more intensely
pyritized areas.

The Nitt Monzonite lies south and west of thé Anchor Canyon
Granite, occupying the southern half of HardsérabblelValley and .
underlying Stendel Ridge. The ¥itt Monzonite has been .dated at
28 m.y. by Weber and Bassett (1963) and although only a few feet
separate rocks of the Nitt and Anchor Canyon stocks along .the
eastern side of Hardscrabble Valley, no direct contact .relationships
are exposed that could define the relative ages of the two intrusive
bodies.

Rocks of the Nitt Monzonite are known in the workings of the
" Waldo nine, at least 1000 feet south of the southernmos? surface
exposures. Numerous small patches of monzonite are exposed along
the low ridges and walleys west of Stendel Ridge. The presence of
rocks very similar to the Nitt Monzonite on a small hill just easf
of the Magdalena village limits and over a considerable area north
of Magdalena Peak, about four ﬁiles west of Stendel Ridgé, indicates
that monzonite may be the dominant facies in the Magdalena coﬁposite

plutomn.
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.+ The monzonite .is typically. fine~ to medium~grained ané
non~porphyritic, with an average grain éize of about two millimeters.
The fresh rock is gray or greenish—gray, and wea;hers to a red-
dish-brown. Darker shades prevall where tﬁe monzonite is
finerugrained..

In thin section, th;\monzonite typically exhibits as uneven
granular texture with irregular, interlocking, and often indistinct
grain boundaries. TLoughlin and Koschmann (1942, p. 37) noted that
feldspars constitute 75 percent of the ro;k, with plagioclase slight-
ly in excess of orthoclase. Pyrokenes were reported to make up
fourteen percent of the rocks they examined, with biotite, quartz,
and hornblende conspicuous. They ;oted that ﬁagnetite constitutes
as much as three percent of the rock;

Loughlin and Koschmann's'ﬁetrographic work indicates that the
Nitt Monzonite is typically a pyroxene monzonite, but the xock on
the east side of Hardscrabble Valley, near the Azurite prospect,
contains biotite as the chief ferromagnesian mineraly .with lesser
amounts of pyroxene and hornblende. The extent.of this rock type
is unknown, but it extends for at least 1000 feet east of the
Azurite shaff.

Alteration of the monzonite is not marked, with one notable
exception. Chloxitization of the ferromagnesian minerals is
present in variable amowmts; much of the biotite in the biotite
monzonite deseribed.above appears fresh. The monzonite on Stendel
Ridge and in thé small exposures further west are more, thoroughly
propylitized, with cﬁlorite, sericite, calcite, and epidote

occurring as replacements of ferromagnesian minerals and in
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veinlets cutting the stock. The most intense hydrothermal altera-
tion occurs in a shattered\zone approximately 500 feet wide and
2000 feet iong adjacent to the white rhyolite dike along the
eastern side of the head of Hardscrabble Valley,lnear the AzZurite
prospect." Here, the monzonite has been altered to a. propylite
consisting of éhlorite, sericite, carbonate, quartz, iron and
copper sulfides, and minor hematite. Chlorite occcurs as .veinlets
and replacement of ferromagnesian minerals accompanied by carbonate,
quartz and sulfides .giving the rock a distinct greenish color and
causing it to be less resistant to eﬁosion. Se;icite is common,
and occurs as rgplacement of plagicclase and in wveinlets with
quartz, carbonéte and sulfides. &he rock is so altered .that the
plagioclase has been completely destroyed. Orthoclase appears to
be somewhat more abundant in this zone than in the tﬁpical mon—~
zonite, Relict textures and estimates of,original‘composition by
this writer indicate that some of the rock may have been a.granité,
passibly a .dike cutting the monzonite, but the intense .alteration
of the rock precludes any‘positive identification.

The intensity of .shattering and alteration decreases .gradually
east and south of the Azurite shaft. The monzonite 500 feet.east
of the Azurite shaft appears to be .only slightly altered. The
alteration decreases less rapidly to the south, and never
completely disappears; outcrops of the stock just nmorth of the
Graphic tummel are noticeably propylitized and slight}y mineralized
- over a zone 306 feet or more in width. The degfee.and.type of

alteration found in this zone is very similar to that found .in

intensely propylitized rocks of intermediate composition near
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porphyry copper systems, Copper-rich oxes in the Nitt mine are
said to be closely associated with monzonite dikes and _contacis
near the southern end of the Nitt stock. Altered.monzonite diké3"
expoged in the Waldo -mine were correlated to the Nitt Monzonite

by mine geologists.

Facies within the Nitt stock are almost as wvaried as those in
the entire Magdalena pluton. .The small.outérops of‘Hellls Mesa
Formation capping the higher hills forming .the western ridge .of
Stendel Ridge form a datum marking the highest stratigraphic level
of intrusion in that area. The monzonite below these caps, espec—
ially along the slope of the southern part of Stendel Ridge, .Iis a
hybrid formed by reaction of the melt with the wall rocks. The |
rock resembles neither the monzonite, the overlying Hell's Mesa
nor any of the units of the Spears Formation. The rock is
generally a pale tan or grayish-orange in outcrop and is light -
gray on the fresh surface. The rock is fine—grained.and‘characterized
by clots of ferromagnesizn minerals, which appear to be mostly
amphibole. Other clots contain a mixture of amphibole.and.plagio-
clase probably formed .as a result .of the chemical reaction. of the
melt with the cooler¢and“perhépstchemically different wall rocks,
initiating rapid crystallization, which according.to Bowen (1928,
p. 197) should cause formation of the “heat equivalent of the
member of the (reaction) series with Whiéh the membgr is saturated.”™
The contact between the éypical monzonite and the hybrid rock is
gradational over about 200 feet of elevation. Dikelets of mon-—
zonite may be observed. cutting the Hell's Mesa and locally forming

matrix material for suspended fragments of wall rock.



Similarly hybridized monzomnite is found ébout;one-half’mile
west of the Waldo tumnel .and in small exposures cutting the A-L
Peak northwest of the Waldo mine.

Contacts along the southern border, where Precambrian argil—
lite constitutes the bulk of the wall rock, are gene?ally.sharp,
with little hybridization. observed. Further east and north,
Loughlin and Koschmann (2942) report other Ffaecles ranging in
cpmposition from granite to norite. The reason for these
contrasts may be.that the magma was hotter and possibly more fluid
in the areas where hybridization was not inhense; this .caused the
engulfed wall rocks to be more completely assimilated)intc the
melt. The xenolith~rich hybridized material on Stendel.Ridge may
mark a cooler, more viscous poréion of the magma that froze before
the engulfed rocks could full& equilibrate with the melt.

Another interesting group of facies is found in.the north and
west portions of the small hills northwest of Stnedel Ridge, where
central cores of granophyric rocks are bordered by more mafic
fa&ies. .Mediumr to coarse~grained granite.exhibiting striking
graphic intergrowths of orthoclase and. quartz forms the northwest
portich of the outerops. The rock is bordéxed by a narrow'belt
aof finer-grained pyroxene monzonite.which is, in turn, bordered by
a dark, purplish, fipe-~grained facies similar to the éndesitic
facies seen bordering the Magdalena pluton further north. ~The
granophyric intrusive has reached a.higher stratigraphic level
(A~L Peak) in the volcanic pile than did the Nitt Monzonite to the
south (Hell's Mesa), and may £epresent another distinguishable

intrusive body in the larger Magdalena pluton. .The spectrum of

59
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facies and the higher position of the intrusive in the volcanic pile
support this interpretétion. The lack of an andesitic border facies
around the Nitt and Anchor Canyon stocks may aléo tend to distin-
guidntﬁe granophyric rock as a sepavate phase. Alternatively, the
granophyric rock may represent eutectic crystallization of a
late—-stage residual magma differentiated from underlying monzonite

and encased in earlier chilled margins of more mafic material.

Latite Porphyry of Mistletoe Gulch

The‘latite porphyry of Mistlet;e Gulch occurs as a.much—faulted,
discontinuous series of dike-like masses that crops out through the
center of the district from its southern edge to Chihuahua Gulch
(plate 1).

In hand specimen, the latite porphyry is generally greenish-—gray
and weathers to greenish—yéllow or yellow—brown.A Hornblende and
biotite (?) form thin, tabular phenocrysts és mucq as six wmilli-
meters in length. Small, chalky-white pl;gioclase crystals -
averaging three or four millimeters in length comprise approximately
‘ fifteen percent of.the rpck. Weathered surfaces often have é
somewhat pitted appearance caused by selective weathering of the
hornblendé crystals.

The latite porphyxy rangesyin,composition from a hornblende
latite, which appears to be the dominant facies, to quartzolatite;
which locally occﬁrs-asflater dikes éﬁtting the hornblende—riéh
facies, Titley (1958, p. 38) states that the 1ati;e fpund south of
tﬁe Linchburg workings grades from a biotitg~hornblende latite

at the outer portions to quartz latite in the central part of the
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mass. Outerops of the latite are generally subdued, as the latitre
tends to weather to small grus.

In thin section, the latite porphyry reveals a uniform por—
phyritic texture with the larger crysﬁals‘of plagioglaée,.horn—
blende and biotite (?) in a matrix of alteréd plagioclase
microlites. Alteration of the latite porphyry ranges from.moderate
to intense, with plagioélase altering to sericife and calcite and
the ferromagnesian minerals replaced by chlorite and pyrite ox
magnetite. The rock becomes ndticeably bleached and more sericitic
near faults and vedins. Pyrite be;omes more common with an increase
in alteration intensity.

Loughlin and Koschman-(1942, P. 32) interpreted. the. latite
porphyry mass as a sill because of its apparent stratigraphie
position between the Madera and Abo Formatioms or between the
Madera and Spears Formations where the Abo was ™missing'. Titley
(1958,.1961) adopted their interpretation in his studies.bf'éhe
orebody in the Linchburg mine., Work by this writexr indicates that

lthe latite poxphyry mass is not a sill, but is; instead, the dike-like
top of a larger intrusive body that cccupies a north-trending fault
zone along which substantial displacements appear to have .occurred.

Several lines of evidence.point.to the hypothesis that the
latite porphyry mass is not a sill:

(1) In the southern part of the district, tﬂe latite

porphyry occupies a north—trendigg.fault zone of Oligocége-

age which is extensional in character and which elsewhere

in the district has steep easterly orx wgsterly dips. .[The

east side of the latite porphyry is generally bordered
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by rocks of the middle or lower Madera Limestone, .
except at the extreme southern edge, Where adjustments
along a pre-latite. transverse fault (the Unity faglt)
has caused the Abo Formation to be in juxtaposition.
On the west side, the.latite.dig in contact with .rocks
of the lower Spears Formation. If the true maximum
thickness of the Madera Limestene is about 1800 feat,
this means that the stratigraphic level present at.
the surface on the east side of the latite is about

1000 to 1200 feet below the surface'on the west side.

(2) Contacts of the latite porphyry with the enclosing
rocks are steep in the southérn,part of th; district;
this relationship is indicated by the fact that the‘
traces of the contacts do not change strike appreciably

when crossing major topographic features, such as deep

drainages and hilltops.

(3) Exposures of the latite porphyry are found in the
Pétterson‘adit, in the southern pért of the district,. to
be approximately 300 feet .west .of the alignment of the
western contact of the intrusive and the small outcrops
cutting the Abo to the north. Several large biocks of
Spears and Abo rocks appear to be engulfed in the |

latite porphyry at the adit level. Although the exposures
are limited, it appears that the latite po?phyry is’
expanding rapidly with depth in this area and was beginning

to stope out the overlying rocks before it consolidated.
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(4) Examination of elongate hornblende and plagiocliase pheno—
crysts within the mass in the Mistletoe Gulch area shows that
they are randomly orilented over relatively swall areas, and
appear to be random even when observed close to the contacts.

The lack of mineral alignment indicates that the magma

probably had neither a strong horizontal nor strong vertical

component of movement at the time the magma congealed. 'This
fact, plus thé highly drregular contact in the Mistlet;e
~Gulch area, indicates that the magma may have been passively
emplaced through a process of stoping out of the overlying
rocks.

In the Mistietoe Gulch area, the eastern and northern contacts
of the latite porphyry are pre~intrusion faulis. Along the eastern
boundary the lower part of thé Madera Limestone is exposed.
Drilling by the New Jersey Zinc Company in the Mistletoe tunnél
area has established that the thickness of the Madera in this area
is about 275 feet. On the west side of the fault, sandstones of
. the Abo Formation form a partial .sheath om fhe latite porphyry.

In accord with earlier arguments that the Madera may have a maximum
thickness of about 1800 feet in the Magdalena district, the dis-
placement across the fault now occupied by the latite porpﬁyry

in the Mistletoe tunnel area is on the order of 1505 feet, Thus,
the latite porphyry cannot be a sill between the Madera and Abo
Formations as postulated by Loughlin and Koschmann. Similax
relationships apply throughout the exposed length of the intrusive.

The surface exposures.of the latite porphyry end abruptly

against the fault that follows the course of Chihuwahua Gulch. The
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only known surface exposure of the.latite north. of Chihuahua Gulch
ig a emall dike-like mass. cutting a small.outcrop dflAbo Formation
along a north-trending fault .just east of the Kelly townsite
(plate 15. The relatienship of the!latite porphyry to the north-
trending fault indicates that they are both eXtensioﬁs of similar
phenomena south of Chihuahua Gulch.

A latite porphyry dike is reporied.in.the .South Juanita.mine,
.juét north 'of Chihuahua Gulch, and other.small dikes.of latite
pérphyry are konown in the Kelly mine further north. Miuing activi-
ties in the Waldo mine has revealed the presence of a large‘mass
of hornblende latite porphyry, virtually identical to that exposed
south of Chihuahua Gulch. Indications afé‘that this mass, which
is known to extend downward from the l4ath lewvel (6800 elevation) af
least 500 .feet, is a large dike~like mass that expands to a larger
body at depth. ¥Figure 5, a modification of a cross—section
prepared by ASARCO geologists, illustrates the.position of the
latite porphyry to the mine workings.

The latite porphyry intrudes Precambrian greenstones and the
overlying Kelly and Sandia Formation in the Waldo mine. The. latite
porphyry may have exerted at least partial control over the develop;
ment of one of the larger o%ebodies in this mine.. Intrusion was
apparently partly controlled by the complex Waldo-Madera fault
zone, Dikes and stringers.of latite porphyry can be seen cutting
the jumbled blocks of Madera Limestone .in the.Waldo~Madera fault
zone at the Waldo tunnel level, approximately 1000 feet above the

main mass.
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Daté taken from ASARCd mine. maps .indicate that the lgtite -
porphyry becomes thinner.and more.dike-like in character as it
extends northward along .the eastern houndary.of thétwaldo4Madera-
fault zone, where it.has beeq.cut“inudrill.holgs approximatély
900 feet north of the Waldo.shaft. Mine maps.indicate. that .the
latite éomes within 100 feet of-allange"diké.ofuNitt‘Monzonite,
which also followed the Waldo-Madera fault. zone_ _for:.about.500 feet :
south beyond its southernmost.surface:exposune...No,acfualmcon_
tacts between the two intrusives is. known, so the relative ages
of the rocks camnot be. determined.

In summary, it is apparent from all available:information.
that the latite porphyry is not a sill, as previously.envisioned
by Loughlin and Koschmann (1942), but is instead a large, elongate
‘dike-~like .intrusive whieh rose.along north-trending faults of
Oligocene age. TIncomplete information suggests that the.latite
porphyry may have one of the most .extensive distriﬁutions of any
- Intrusive rock in the Kelly district..

In view of the 'interpretation.that the Kelly district is
located on the eastern. margin.of.a.large.cauldron.(the Magdalena
Cauldron, to be described more.fully.below), the.latite pvorphyry of
Mistletée Gulch is interpreted to be.part‘of ring dike. that has

intruded deeply-penetrating faults along the edge of the cauldrom.

-

Latite Dikes

Numerous latite dikes are found.in.close association with .the
latite porphyry of Mistletoe Gulch and are especially numercus in

the Mistletoe Gulch area. One 25 to 30-foot wide mass is found
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along the major range-bounding.fault.at.the mouth of Mistletoe
Gulch and others have intruded transverse structures east of the
Mistletoe tunnel (plate. l).

A dike of quartz latite occupies the northernmost.transverse
fault of the No?th Fork.Canyon. fault zone, in the .southermost
part of the district...The rock has.a distinctive porphyritic
texture defined by quartz '"eyes'" and.is.characteristically: .
flow-banded.. The dike.appears to.be uniformly altered.and isi
light greenish-gray. Pyrite iz a common alteration mineral and
is seen in additio; to chlorite as.replacement .of former. biotite
(?) phenocyrsts. The quartz latite is only about three.or four
feet wide in outcrop at North Baldy, but widens to.apﬁroximately
100 feet to the east along. the fault zone. "

Other even-textured, fine-grained latitic (?) dikes and a
sill are found intruding the Sandia shales along the eastexrn.flank
6f North Baldy (plate 1). These.dikes are light greenish—gray"
and .commonly contain fragments of.the enclosinénﬁall.rOCks.
Several of these fragments have been replaced bylcalcite, quartz
’ and pyrite. Pyrite alsc occurs as disseminated grains in tﬁe

dikes.

Linchburg . Quartz Monzonite

One of the most intriguing and .least—known of the. intrusive
rocﬁs in"the Magdalena district is the quartz moﬁzénite exposed
in the workings of the Linchburg mine, here named the Linchburg
Quartz Monzonite. There are no known -outcrops. .The intrusive has

been exposed in the southern end of the Linchburg mine; where an
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irregular mass of'porphyritic quartz.monzonite Wasiencountered in |
the workings.of the main.adit level.. Another.thin dike of this
material is foumd in a short aditujust.nortﬁ,of the. Grand .Ledge
tunnel, but.no outcrop of.the intrusive.could.be found at the
surface, just fifteen feet above the adit level. Additional dike.s;
of quartz monzonite porphyry were cut in drill holés collared in
the ravine just.east of the Patterson adit (plate 1). |

The Linchburg Quartz Monzonite has a distiﬁctive.porphyritic
texture defined by rounded.quartz “eyes" and by rounded to.subhedral
phenocrysts of plagioclase in an aphanitic.matrix. The monzonite
ranges in color from light greemish-gray to pinkishrgray; depending
on the relative amounts of epidote, chlorite and potash feldspar
in the rock. |

In the Linchburg mine, tﬁe host rocks for the intrusive appear
to be entirely Precambrian diabase. Contacts are gradational
over distances of as much as fifteen.feet. The normally. dark .
diabase becomes increasingly bleached and silicified as .the
monzonite is approached. Pinkish zones within the diabase ﬁay
indicate some replacement by.siliea.and potash feidspar-_ Chlorite,
pyrite, and rare chalcopyrite occur in variable amounts in'ﬁoth
rock types. Hematite occurs along fractures in both host and
instrusive. .

Although the rock appears to be.fairly fresh in hand specimen,
microscopic examination reveals that.it may be one of the most
intensely altered of the intrusive rocks im the aistrict. Corroded
plagioclase crystals as much as seven.millimetexrs in diameter

have been so completely altered to sericite that the-original



composition cannot be determined' in most cases. Large quartz
"eyes'" are thoroughly embayed and corroded. The corrosion.of the
plagioclase and quartz may be.due to reaction.of £he minerals
with the magma. The quartz.and plagioclasé phenocrysts are sur—

- rounded by a2 groundmass exhibiting variable textures.. In.most

- samples, the groundmasé.is a.micrographic. intergrowth of quartz
and orthoclase (fig. 6). .Myrmekitic.textures.virtually.identical
to the Ybrain coral"'ﬁ5rmekité.described,by Gillﬁl& (1933) are.
common. Gilluly ihterpreted.these textures as indicative of
metasomatic replacement.of original rock constituents.  Cataclastic
zones consisting solely of quartz.and.orthéclase_were observed in
two of the eight thin sections examined. .Veinlets of.quartz.and
orthoclase (?) were found to cut nearly all.tﬁinhsectioné and
vein—~like masses.of both,quartz.and.orthoclaée (?) were observed
cutting and partially. replacing. the earlier minerals. Chlorite.
occurs as ragged clots.that.may represent.original bilotite,.and. in
thin veinlets with.quartz, sericite and rare sulfides..

The geometry oflthe.Linchburg Quartz Monzonite.is not known.
Visible contacts in the Linchburg mine.are.steep and.indicate.that
the intrusive.has a dikérlike.form at tha; location. . Vefy incom~
plete information garnered. from drill.cores and.interp?etive.
cross—sections furnished by ASARCO, which were based on four holes
dri}led about 500 feet.south of the south end of the Linchbﬁrg
workings, Indicate that.the porphyritic monzonite has.intruded
into shales of the Sandia Formation, within about 250 feet.of the
present suxrface. It is known from diamond drilling to extend at

least 300 feet further west of exposures in the Linchburg and is
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Figure 6a. Photomiecrograph of Linchburg Quartz Monzonite showing

corroded orthoclase (0) and plagioclase (P)‘feldspars replaced
by granophyric groundmass. 1" = (.65 mm.

Figure 6b. Photomicrograph of Linchburg Quartz Monzonite showing
a quartz {(Q) — ortheclase (0) - serieite (8) wveinlet cutting
micrographic groundmass. 1% = 0.65 mm.
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exposed in the end of the Patterson adit, below the soutﬁern end of
the Linchburg mine workings.. The monzonite apparently has a fairly
flat-lying uppex contact that becomes much steeper.toward.the west
near the Grand ledge fault. The.dxdill-hole. data indicates that the
porphyritic qﬁartz monzonite is. also dike-like in this area, as the
holes passed.through about 150 feet.of porphyry into an egui-
granular quartz monzonite rocﬁ. This associated (?).inﬁrusive

is generally hypidiomorphic equigranular,in,character-and_ié Light .
Buff to orange in color, 'Scattered-clots.of‘éhlorite and veinlets
of quartz and sericite are common. Sericite.alsc replaces some

of the plagioclase. .Quartz and pyrite occur in thin veinlets

and with chlorite in ragged patchés‘thatlmay represent . former
biotite. Microscopic-examination.reveals thét the rock. is much
less altered than the porphyritic facies, with the grade 5f altera—
tion correspondiné to mild to .moderate propylitization.

Although the aectual contact between the two intrusives was
not observed in the drill core examined by this Writer; the. dis—
parity in textures and degree of. alteration of the rocks closé to
their contact indicate that it may be sharp, or at most gradational
over omne or two feet.

ASARCO geologists considered‘thé equigranular phase to be. of
possible Precambrian.age, but the character of’the rock, and its
apparent intrusion into and west .0f the GrandlLe&ge fault zone
indicates that it is probably of middle Tertiary age, similar to
the Nitt and Aﬁchor Canyon stocks. |

| Although the questions concefning the exact forms and rela-

tionships of the Linchburg Quartz Monzonite and the associated (?)
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equigranular facies cannot be answered‘without.additional.informa—
tion, this writer believes, based.on.the ASARCO drill cores and
interpretive maps; that the pbrphyritic facies is a later. phase
- that has intruded along .the contact'betweenna-nearly»contemparaﬁ-
eous quartz.monzonite intrusion and.its Paleozoic hosé-rocks. The
porphyritic monzonite .was also.injected .as a thin dike‘alongithe
Grand Ledge fault for an wmknown distance south of the Linchburg ‘
mine. |

The proximity of the po£phyritic monzonite to the largest
single zinc-lead orebody.in the Kelly district suggest; tﬁe
possibility that the porphyry represents g 1ate—stage magmatic
melt injected from no great .depth .which had. an associated.
post-magmatic fluid phase that was the source for the silica,
'sulphur and metals contained in the Linchburg orebody. The sign-—
nificance of this relationship gnd its implicafions regérdiﬁg the
discovery o% new orebodies. of thé‘Linchburg'type is discussed in

the section of this paper dealing with economic geology.

Other Intrusive Rocks

Two additional intrusive bodies are known from.exploratory
drilling in widely separated parts of_the'district. Recent dril-
ling in the North Baldy Peak .area.has revealed the pfesence of a
monzonitic intrusive of wmknown size that.has séoped.uﬁ tlirough the
Precambrian rocks to intrude the Kelly and Sandia Foimations at
approximately the 9100 elevation beneath North Baldy Peak. The
monzonite is typieally porphyritic with small potash feldspar

and rare quartz phenocrysts set in a fine-grained matrix. of
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plagioclase, potash feldspar and quarxtz.. The rock has been extremely
altered.to chlorite, epidote, serpentine and sericite. Pyrite
occurs as disseminations in fractures and as individual . grains, and
comprises about.one percent.of the"rock.:.Quartz and carbonate.
veinlets are common.and chalcopyrite_was,éparsély.present.in
several narréw zones in the,core,examined.. Some.sections of the
core resemble a hgaled breccia, with fragments of porﬁhyriticfmonﬂ '
zonite and Precawbrian (?).rocks surrounded by.later ménzonitic.
material. Extreme . alteration of all roqk types makes,posiéive
identificatiog of these features.difficult. |

Porphyritic granite or quartz monzoniée was penetrated.iﬁ
drilling approximately 500 feet south of the Vindicator:shaft
(plate 1}. Core examined briefly by this writer revealed a
sericitized, pyrite-rich, pofphyritic, quartz-bearing rock that
appears to have iatruded the Madera Liméstone and Anchor Canyon
Granite. No other information about this intrusive is known,
other than that it is spatially related to high grade‘zinc—lead—cop—-
per mineralization in a swall tactite body.that forms a.replacement
of the Madera Limestone. TFigure.l shows.the locations of all .

known or suspected buried intrusives in the Kelly district.

Mafic Dikes

A large number of dark, aphanitic.to porphyritic mafic. dikes
were mapped during the course of this_stuay, especially in the
northern end of the district. These dikes correspond to Loughlin
aﬁd Koschmann's (1942) lamprophyre.dikes and Brown's (1972) mafic

dikes., The dikes are usually thin, averaging five to ten feet in
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width, and range in length from a few feet to over 2000 feet, averag—
ing about 500 feet. The great -majority of the dikes occur in the
Stendel Ridge area, where they 'were emplaced along fault zones in

and sbove the Magdalena Pluton. Most of the dikes cccupy

r
H

north-trending faults and .fractures, but some strike towards the
north~east, reflecting a transverse structural element similar to
that described by Browm (1972) and Simon (1973), that appéars to
- have had refeated influence in the area. |

The dikes vary in color and general ﬁhyéical appearance.
Because a detailed petrographic analysié of these rocks is beyond
the scope of this study, the details .below are derived f£rom Brown
(1972) and Loughlin and Koschmann' (1942), but were confirmed by
the author. |

Generally, the least altered rocks are dark gray and have a
basaltic appearance, but those that have been altered are green
due to an abundance of chlorite. In hand specimen, they range
from black to greenish-gray on a fresh surfac; and generally a
rusty-brown .or greenish-brown on the weathered surface. The dikes
vary -in groundmass texture and show a range in theiabundance'and
type of phenocrysts. Some varieties are porphyritié with a .
fine—-grained groundmass, others are only sliéhtly porphyritiq with
a fine, equigranular groundmass, while stiil others aré non-porphyri—
tic with a vexry fine-grained texture. Phenccrysts genera@ly.comprise
less than five percent of the rock ang usually consist of plagio—
clase grains as much as five milliﬁeters_in length. In soﬁe.dikes,
tﬁe plagioelase phenocrysts are sharp and veil—twinned, while in

others, the plagioclase graims are irregular and greatly corroded.
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Brown (1972) reports that the sharp, well-twinned plagioclase

crystals have an average composition.of An,., while the corroded

42
grains were zoned and exhibited:undulatory.extinction, with an

average composition of An He interpreted the corroded grains

55"
as being xenocrysts which were transported from depth during.
emplacement of .the dikes.. This.writer has .observed pockets-of
amethystine gquartz as much as_ fifteen millimeters iﬁ diameter in
two of the mafic dikes cutting granophyre in .the northern end of
Stendel Ridge. Other minerals include gugite, minor oxides and
some biotite and apatite . (Brown, 1972). |

Most of the mafic dikes in .the .district have been propylitized,
‘with the mafic minerals altered to.chlorite, magnetite and caleite.
The phenocrystic and groundmass plagioclase are commonly completeiy
altered to sericite and calcite. .Epidote occcurs as partiél replace—

ments of groundmass minerals and phenocrysts of plagioclase and

augite. Pyrite is locally abundant in some dikes.

Augite Andesite

Two larger mafic' intrusives were found in .the Stendel Ridge
area-in the northern'bar£ of the.district. These intrusive masses
are correlative to Loughlin and Koschmann's (1942) augiﬁe andesite.
They mapped a tﬁird, somewhat larger area.on Stendel Ridge.as
augite andesite, but.subsequent inveétigation has found this area
to consist of a iatitic ash~flow tuff in the upper Spears .
Formation.

The larger mafic intrusions are purplishrgra&;in outcrop and

are fine-grained with scattered .phenocrysts of greenish-black

pyroxenes, plagioclase and hornblende. According to Loughlin and-
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Koschmann (1942), the augite andesites have .a trachytic groundmass
consisting of plagioclase laths with zccessory magnetite and
orthoclase (?). The rock.has been .somewhat altered to .epidote,
calcite and sericite. The.plagioclase'aqd:hornblende are generally
the more altered, while the pyroxene phenocrysts are reporte&ly
quite fresh. |

The augite an&e;ite masses .intrude the .flowwbanded unit of the
A-L Peak Formation and a .small _outcrop of sedimentary rocks filling
a paleochammel cut in the A-L Peak. The A-L Pezk in this area is
intensely bleached, silicified .and pyritized; éhe augite andesite
appears to be much fresher. The difference in alteration.could be
due to the fact that the A-L Peak‘ashﬁflow tuffs are more permeablé
than the andesite, but this does.not seem .to be entirely responsible
-for the great difference in alteration inteﬁsity'observed. gt is
possible that the augite andesite masses may be younger than .the
alteration éffecting.the A-L Peak rocks, and since.this alteration
appears to be related to.the intrusion.ef the Nitt.stoek, the.
" andesite may be_ younger than the monzonite intrusions and may mark'
fissure vents for some of the flows of the La Jara Peak Basaltic
Andesite of early Miocene age (24 m.y., Chapin, 1971 (b)). Were
this to be true, the augite andesites would be amoﬁg the,younéest

known intrusive rocks in the Kelly mining district.

White Rhyolite Dikes

The youngest intrusive rocks in the Kelly mining.district._are
vhite rhyolite dikes. The dikes occupy a north-trending zone
approximately 1—l/2_miles wide that extends more than six miles

south of the Kelly district (Krewedl, 1974) and about four miles
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north of the area of this study (BIDWH; 1972). Most of the dikes in .
the Kelly district are narrow, .averaging between five and ten

feet in width, and are of variable. lengths, ranging from a few

feet to more ﬁhan~1000 feet. They commonly 6ccur_g§_eche10n,
filling extensional faults and fractures. Moast of theAdikeS'dip
steeply to the easf.or west . Loughlin. and Xoschmann .(1942) report
that "white rhyolite" forms sills in the "lower andesite" (lower

to middle Spears equivalents), east of Granipe Mountain, however,
Chapin (personal commun., 1973) has shown these to be sqattéred
exposures of the tuff of Nipple Mountain. ' One rhyolite .dike with
an easterly dip of 35% to 40° is known west of Anchor Canyon .
(Loughlin and Koschmann, 1942). Surface exposures of the.dikes are
restricted to the northern and extreme sgouthern ends of the dis—
trict, whére they are .conspicuous because of their white color.
.OQutecrops of-the dikes are notably absent from the central paxt of
the district, but they are reported to .be pressnt in the'workings
of the Grand Ledge and Linchburg mines.

The dikes are gréyishrwhite topwhi;e on weathered .surfaces and
are white to pinkish-gray.on. fresh surfaces. dutcrops are often
distinctly flow«banded,hwhichAcauses:the dikes to weather to platy
grus. The dikes are.commonly speckled with limonite.psﬁedomorphs
after pyriﬁe,'which locally comstitutes ;s,mnch as 10 pe?cent of
the rock, Quartz phenocrysts .are common, constituting as much as
ten percent of the rock in some outerops. Small orthoclase crystals
are sometimes visible.

In thin section, thé rhyolite has a dense, .microgranular

grouﬁdmass composed ,0of irregular quartz and feldspar grains that
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are usually altered almost completely to sericite and carbonate.
Orthoclase occurs as subhedral to eubedral .phemocrysts and as
broken fragments that are highly altered to sericite and carbonaté.
Brown (1972) describes rare biotite. flakes in .some of the
rhyolites'of his stﬁdy area... Hair—iike.veinlet;;of qu;rtz and
sericite thoroughly lace many of the .dikes. Loughlin and. .
Koschmann (1942, p. 44) report a chemical apalysis with 75.42
percent S:i.O2 and 6.20 percent KZO' The amount of these materials
that is due to secondary alteration. is not known.

| The presence of white rhyolite dikes is significant in that.
the same extensional fault zones that are occupied by the dikes
were often used as channelways. for the mineralizing solutions that
formed the orebodies of the district. Titley (1958) described
one highly-altered rhyolite dike in the Linchburg mine that .occupied
a major fault zone, and believed that other rhyoiite dikes might
exist along the major structures, but were altered ﬁeyond.positive
)recognition. The long, white rhyolite dike following the east side
of Hardscrabble Valley .marks the .trace.of the northern.extension of.
the main ore zone.in this .area.. In .the area seuth of the Vindicator
shaft (plate 1),.minera1izing.solutions"rising_along.the.fault
occupied by the white rhyolite formed a moderate~sized-5o&y of-
zine-lead mineralization.in the Madera Limestone at its contact
with the Anchor Caﬁyon Granite...Another,highly-alterednrhyolife
dike was found near the face of the Mockingbird adit on tﬁe west

side of Hardscrabble Valley. There, the dike is cut by .thin

veinlets of quartz and carbonate that also contain some galena,



sphalerite and chalcopyrite., Intensely-altered and pyritized wall
rocks surrounding the .dike .attest.to the circulation of hydro~

thermal fluids in this area.
Quaternary System -

Landslide Deposits

Uplift of the Magdalena Range .during the Miocene was
apparently rapid, with.the formation of steep dip slopes and
fault scarps. Landslides occurred along parts of .the .range, and
several of their remnants were mapped .during the course of .this
study (plate 1). 3Most of the land§1ide deposits- are found.along
the middle parts of the slopes in both the northern aﬁ& southern
parts of the district., Several scars indicating the source of some
of the landslides are still visible in parts of the range,
especially near the Woodland and Young America mines, Whére.masses
of silicified Kelly Limestone broke away and siid down.the siope.
Most landslides were composed of fairly homogénous materiéi,
generally either Kelly or Madera limestone. . éome\landslides.appear
to have occurred more as slumps in some areas, moving as a |
more—or—less coherent mass.’ One such‘example is.locaﬁed about
1500 feet southeast of the Wéldo shaft, where a masé of Madera
limestone and quartzite .moved as a .sufficiently cohesive mass such
that gross internal relationships-were maintained,?even:thbugh‘the
mass was broken .into.a great number .of small blocks, none more than
two feet in diameter. The resultant landslide body somewhat re-
sembles a well-crumbled ocutcrop of Madera Limeétoné in which .one

can trace a thin, lenticular quartzite for short distances along
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"strike". Close examination of .the.mass .reveals.its true nature,
but the body was mapped . as Maders Limestone.by.Loughlin aﬁd
Koschmann (1942, plate.2). Elsewhere in the district, some of the
landslides contain blocks of altered Kellﬁ limestone .so large that
prospectors drove short.adits and .sank shailow'shafts in them in
search of mineralization, only to- find.that the "outcrop” ended

in rubble a few feet beyond. Loughlin-and Koschmann- (1942, p. 22)
report that a small amount .of ore was produced from one .of the
blocks, and that a2 1200-feot .tunmel was driven.into 1anaslide

material in the southern part of the district.

Alluvium \

Alluvial material forms the flanks of .the western slope of the
range, consisting of fans of debris comprised mostly of Paleozoié
sedimentary and Precambrian intrusive rocks. The alluvium forms
coverings on several pediment §urfaces which Qere discussed .in
some detail by Keschmann and Loughiin;(lBB@), but were not studied
in detail by Ehis writer. Thicknesses of the alluvial deposits vary
from a thin veneer to greater .than 100 feet, and gradeS"in£5,the
younger valley f£ill. They have not been separated oﬁ the geologic

map.

Talus

Talus has been mapped .in several areaéuin.the_Kelly distriet
where it obseured bedrock, The talus deposits are almost totally
mgnolithologic énd occur below well-broken or platy ash-flow tuffg

in every case.



STRUCTURE

The structural history of the Kelly distriét is only
partially understood. Several enigmatic features exist in the
area that are here described for the first time, but are wvet
to be fully appreciated.

The district appears to be situated at the junction of
three structural zones of regional exgent: the WW-trending
Capitan lineament, the NE-trending Magdalena-Morenci lineament
and a NNW-trending zone of extensional faults related to the
Rio Grande rift zone. Some_of these zones appear to have
experienced repeated movements over a considerable time span
and have influenced the position and shape of some of the caldera
structurés in the Magdalena region.

A detailed description of the structures of the Kelly
district was given by Loughlin and Koschmann (1942, pp. 55-73).
The accuracy of the timing and causes of their various stages of
deformation was necessarily limited because of their incomplete
knowledge of the stratigraphy and the ages of the various units,
compounded with their relative unfamiliarity with the reglonal
geology. |

A revised structural history is presenﬁed below. A;
feature-for-feature comparison with Loughlin and Koschmann's

earlier work is beyond the scope of this paper, and the reader
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is referred to tﬁeir work for details of structures found in the
 individual mines in the district.

The major structural events that can be doéumenfed with
certainty are, in chronological order: Laramide (Late Creta-—
ceous~early Tertiary) uplift, early Tertiary transverse (NE)
faulting, late Eocene-early Oligocene transverse (NE) faulting,
middle Oligocene caldera collapse, and iate Oligocene~eariy
Miocene longitudinal faulting. Figure 7 illustraées the major

structural features of the Magdalena region.

Local Structure

1

Litfle can be determined about the structural activity
inlthe Kelly district prior. to Laramide time. Folding of the
Precambrian argillite suggests some regional compression prior
to Mississippian deposition and the presence of east-trending
diabase dikes cutting the Precambrian rocks indicates that
faults of that frend were active sometime before the deposition
of the Kelly Formation. Small-scale unconformities in the
Paleozoic rocks indicafe that some minor deformation occurred
during the period that they were being deposited (Loughlin

and Koschmenn, 1942, p. 56-57).

Laramide Tectonics ’ -

No structures of definite Laramide age can be documented

-in the Kelly district, save the fact that erosion accompanying
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Figure 7.

Major structural elements of the Magdalena area.
Cauldrons are numbered in order of decreasing age: (1)
North Baldy Cauldron, (2) Magdalena Cauldron, (3) Langmuir
Cauldron, (&) Mt. Withington Cauldron, (5) Socorro
Cauldron. Figure modified after Chapin and others (unpub.).
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regional uplift beveled the pre-Spears surface doﬁn to the
;evel of Permian strata within the area of this study. In
order to place the Kelly district within the regional structural
setting, a brief description of the structural features of
Laramide age in the area surrounding the district is prgsented
below. ‘

The Kelly distyict is sitﬁated on the nérthwestern flank
of a large Laramide uplift or uplifts of unknown dimensions
and configuration. Chapin (pers. comm., 1974) believes that
the uplift may have extended at least as far northeast as
Polvadera Mountain, approximately fifteen miles ENE of Magdalena,
and as far south as the southeastern flank of the San Mateo
Mountains, some 30 miles south of the Kelly district. Some idea
of the existence and extentlof the uplift may be éained by
noting that to the north of the study area, in the norfhern
Bear Mountains, te the west, near Datil, and to the east near
Carthage, the base of thg mid-Tertiary volcaniec pile regts on,
sediments o? the Baca Formation of Eocene age, which in turn
overlies upper Cretaceous strata. On the uplift, the Tertiary
volecanic rocks rest on Paleozoic or Precambrian rocks. The
precise outline of the uplift and whether it was a single swell
or a series of closely—spaced smaller uplifts is not known. The
core of the uplift appears to have extended from the Chupadera

Mountains, south of Socorro, where ash flows similar to those in



the A-L Peak Pormation rest on Kelly Limestone and Pre~
cambrian rocks, northward to the Socorro and Lemitar
Mountains, where Cenozoic volcanic rocks overlie lower
Pennsylvanian strata (Chapin, peré. comﬁ., 1974).

Further north, Kelley and Wood (1946) have documented
a Laramide arch, the Lucero uplift, which was broken on
its west flank soon after arching began, forming the.
-Comanche thrust belt. This beit of high angle reverse
faults, which is known to extend at least thirty milés
southward from Lucero Mesa, generally has lower Permian
and Pennsylvanian sedimentary rocks pushed up against uéper
Permian and Triassic rocks. Stratigraphic displacement
on these faults are thought to be between 2000 and 4000 feet,
with actual displacements possibly much greater. Kottlowski
(pers. comm., 1975) reports the presence of possiﬁle klippe -
or fault slivers of Precambrian rocks in the area WNW of-
Ladrone Peak. The location of these outcrops.indicates to
Kottlowski that the strike of the Comanche thrust belt may
be more southerly than interpreted by Kelley and Wood (1946),
who thought that the trace of the thrust curved southeastward
in the area north of Ladroné Pezk.

At the presentAtime, it is not possible to determine

if the Chupadera Mountains-Sccorro-Lemitar Mountains uplift
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is an extension of the Lucero arch or whether the Lucéro .
arch may havglforked to form two or more semi-parallel
arches to the south, one of which may have extended through
the Magdalena area. Sales (1968) has suggested, using

the rheid concept, that large—wavélength uplifts formed by
rapid tangential compression cannot sustain themselves and
tend to fail, forming uplifts of smaller wavélength and
amplitude. Thus a large, arching uplift that ig initially
several tens of miles wide would fail upon rela%ation-of |
compressive forces, forming two or more subparallei arches
of smaller amplitude. Thrusting or hiéh~ang1e reverse
faulting could occur adjacent to the initial large uplift
if compressive stresses were applied rapidly enough, or
adjacent to the smaller arches (anticlines) bécause of
failure along fold axes of‘isoclinally_folded rocks or other
mechanisms. Sales (1968) has illustrated throuéh moael
experiments and field evidence similar séructures resulting

from left-lateral couples in the Wyoming forelénd region.

Early Texrtiary Faulting

Following Laramide deformation, much of the southwestern
United States experienced a period of relative quiescence during
which the uplifted areas were eroded and the resulting detritus

was deposited in surrounding basing, creating a widespread surface
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of low relief (Epis and Chapin, 1973). In the Magdalena region, a
broad plateau-like area adjacent to the central part of the uplift(s):
was stripped of all rocks younger thén the Abo Formation over much
of its surface. The highest part of the uplift was eroded down to
the Precambrian rocks in its core. Detrital material resulting
from this erosion was deposited in the Baca basin, a narfow(?);
west—trending belt of fluviatile arkosic and subarkosic sands and
conglomerates that unconformably overlie upper Cretaceous strata
and is overlain by wvolecanic rocks of the Datil volcanic pile
(Snyder, 1971). -

Movement along northeast-trending transverse faults related to
the Moreﬁci—Magdalena lineament broke the plateau-like érea.in a
zone that extends northward from Hardscrabble Valley poszibly as far
as the southern edge of éhe Bear Mountains sometime during the early
Tertiary. Movement along these transverse faults was graben-like,
with a down—to-the—north sense in the Hardscrabble Vailey-Granite
Mountain area, preserving a thick section 6f Permian sediments,
inecluding rocks of .the Abo, Yeso, Glorieta, and San Andres Formations, ‘
in the area east of Granite Mountain .(Siemers, 1974). Lgsser.amounts
of movement along faults in the central Hardscrabble Valley area
resulted in,thé preservation of a thick section of Abo sandstones,
sandy shales and limestones. Drilling by ASARCO has revealed
at least 350 feet of Abo-like sediments iﬁ the subsufface at the
east base of Stendel Ridge. Where exposed, the Abo south of
Hardscrabbla.Valley averages less than 150 feet thick. -

This NE-trending zone of weakness (the Morenci—Magdaleﬁa

lineament) is part of a major structural feature in southwestern-
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. New Mexico and southeastern Arizoma. Faults related to thié zone
exerted great céntrol over .the emplacement of the copﬁer—bearing
- porphyries of Laramide age in .the Morenci and Safford areas
(Langdon, 1973), and were later to influence the position of
middle Cenozoic volcanic. features as well as the southwestward
bifurcation of the Rio Grande rift along the San Augusfin graben
during late Miocene time (Chapin, 1971).

Although the geology .of .the Granite Mountain area was mnot. .
included in this stu&y, it is of interest to note that Loughlin
and Xoschmann (1942, p. 57), based en their misidéntification of
the Paleczoic rock units present east of Granite Mouﬁtain, believed
that the exposures there represented the beveled western limh of
a northward-trending eloﬁgate dome or anticline which had béen muré
deeply eroded in the Stendel Ridge area during prevolcanic time. .
Correct identification of the rocks In this area allows a different

interpretation of the structural history.

Late—Eocene-Early Oligocene Transverse Faulting

Movement along faults of NE trend Wifhin and north of .
Hardscrabble Valley .closely preceded the onset of volcanism during
the latest Eoccene-early Oligocene. A northeasterly~trending iow
area was present north of the Stendel Ridge area during. the .deposi-
tion of the S@egrs Formation. The zone apparently remaineﬁ struc—
turally, but not topographically, depressed during‘Eocene'time from
the southern part of Hardscrabble Valley, where Spears rests on
middle oxr upper Abo rocks, northward to the southern Bear Mountains.

_Within the zone, middle and upper Permian rocks were preserved,
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but no Eocene sediments were deposited.. Brown (1972) and Chapin
‘(mpub.) have noted a .thick sequence of Speérs volecaniclastic sedi—
ments, lavas and.ashefloW‘tuffs in this area that contain several
features indicative .of a persistent.topographic low. Included

among thése features. is the presence of conspicuous flows of
"tﬁrkey—tréck" andesite, which Chépin (pers. comm., 1975) reports
that, like the tuff of .Nipple Mountain, floﬁed down narrow .
paleovallies and are therefore generally found only locally. The
unusual thickness and persistence of the "turkey-~track" andesite
within the zone indicates that the.area was topographically .low
during Spears time. Another"uﬁit:that'distingﬁishes the Spears :}
section in the aréa described is a distinctive conglome;ate com—
posed of silicified, hydrothermally-altered fragmeﬁts of volecanic
‘rock that are coated by reddish-brown hematite. The conglomerate,
which is as much as forty feet thick in .the southern Bear. Mountains .
{Brown, 1972, p. 17) .and. 200 feet thick at Granite Mountaiﬁ_(Chapin,._
pers,., comm., 1975), was apparently'depasited by étreams,draining

an area of woleanic and hydrothermal;activitjtto the west or south—
west of the area of this study. The conglomerate is not found in

_ the Stendel Ridge area or further south in the district, indicating
that éhat area was on the southern shoulder of fhé northeast—-trend—
ing lowland during Spears time.

Faults marking the southeastern edge of the NE-trending zone
appear - to have existed at least as far south as the Nitt shaft
(plate 1) and were later obliterated by the intrusion of the Nitt
Monzonite. The Kelly-Graphic cross fault (plate 1 and fig. 8;

Loughlin and Koschmann, plate 20) and the Chihuahua Gulch fault
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may be lesser structures related to.the NE-trending zone., Movement
along these latteyr faults during the early Oligocene cannot be

documented, however.

Deformation of Oligocene Age

It is probably safe to state that the major structural fea—
tures of the Kelly district are .of middle to iate{Oligocene age.
During this timg, the extensive ash-flow sheets of the‘Hell‘glMesa
and A~L Peak formations were erupted and were accompanied by the
development of large calderas. At least five cauldrons are known
or suspected to exist within a 15 mile radius of Magdalena. Most
of these structures overlap and have left a perpleéxing puzzle to
unravel, as many of the cauldrons have snly recently heen recog-
nized and have not been studied in detail. The Kelly mining district
'appears to be situated on.the margins of two overlapping cauldrons,
one ;f which was the source of the Hell's Mesa tuff (30-32 m.y.)}
and the other may have accompanied eruption of one or more .of the
units of the A-L Peak Fdrmétion (&29 MmeYa). Moét of Fhe major
faulting during the Oligocene in the Kelly district appears to have
ended before .the Nitt. and Anchor Canyon stocks'(28 m.}.).were .
intruded, thus fixing the age of the deformations within féirly
narrow limits.

Any attempt at interpreting the structural historytof the dis—
trict must also explain those features related ﬁo structure. LIt
may be of some value to view the Kelly district as a whole in order

to distinguish areas with similarities and to identify those

_ features that appear anomalous or unusual.
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One may define at- least .four north-trending zones that seem

- to contain similarities with regards to strgcture and rock units
but that are distinct .from.the other z.ones. Figure 9 illustrates
the various zones identified in this study. Data used in composing
this figure has come from this study as well as fgom Loughlin and
Koschmann (1942) and .Tovenitti- (1977) and covers mos£ bf\the area.
originally mapped bylLoughlin and Koschmann (1942), part of which
was not remapped in this study. 'The reader is referred.toiplaﬁe‘l
and figures 8 and 9 to aid in following the discussioﬁ below;

The easternmost of the‘zones.consists ofmthe_cfestal part of
the range and is bordered on its west side by a line commecting
the NNW-trending belt of Precambrian outcrops through the center
of the district. East of this line, the rocks are gemerally of

.gentle to moderate westerly dips,(lOO—BOO).and form monoclinal
blocks composed éf rocks of the Kelly Limestone aﬁd iower Sandia
Formation. An exception to this generality‘is found in tﬁe laxge
block of Madera and Sandia rocks on the west flamk of.Tiﬁ Top Peak
(approximately 3000 feet ENE of the Waldo shaft) which is cémposed
of younger rocks and is of generall&-steeper dip. |

A second zone comprised of rocks having gentle to moderate
dips, with local jumbling, is located to.the west of the first zone
and is bordered on the west by the arcuate belt of .outcrops of.
the latite porphyry dike in the .southern part of the distxict, by
the Waldo fault north of Chihuahua .Gulch, the Waldo-Madera fault
zone in the vicinity of the Waldo Mine, and by the neorthward

extension of the Waldo fzult in Hardscrabble Valley. This second
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zone is comprised almost wholly of Paieozoie rocks and essentially
defines the main ore zone of the Kelly district——that zone.in which
~ all of the major mineralization discovered to date has been found.

A third zone is found west of the main ore zoné.and is comprised
of rocks of the Abo, Sﬁears and Hell's Meéé Formatioﬁs that. form two
large monoclinal .blocks. ' One .is located im .the southern part of -
the district and i1s bounded .on .the.east bylthe main ore zone and .on
the west by th;-Smith and South Camp faults. The second.block makes
up the bulk of Stendel Ridge and is bordered on the east by the main
ore zone and on the west by.the Nitt Monzonite ;nd the NEutrepding
. fault that separates the bulk of Stendel Ridge from.the low hills-
to the northwest. The block in the Stendel Ridge 'area has a greater
westward tilt and is more intensely altered than the block in thex
southern part of the distriet. Tﬁis third zone does not forﬁ_a
continuous band through the length of the district, as éo the first
two, but is interrupted by the Kelly-Graphic fault block which is
bounded on the south by the Chihuahua Gulch fault and gh the north
by the Nitt Monzonite.

The fourth zone is composed principaliy of rocks of the upper
Bell's Mesa tuffs, the A-L Peak Formation and the andesite ‘of
Landavaso Reservoir. 1t is bordered on the east by the monoclinal
blocks of the Abo.and Spears rocks soutﬁ of Chihuahua Gulch and by
the main ore zoné north of Chihuahua Gulch. The rocks of this
fourth zone are characterized by. intensa faulting and moderate to
. steep dips. Silicification or other minor mineralization is found

along most or all of the faults within the zone. This fourth zone
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does not seem to have a continuatioﬁ north of the southern boundary
of the Nitt Monzonite.

Rocks west of the fourth zone include what appear to be much-bro-
ken andesite of Landavaso Reservoir overlain by the Upper. Tuff in the
southern part of the district and by relatively unbroken, moderately
to poorly-welded ash flow tuffs, volcaniélas£ic sadiments and ande—
sites in the area west of .the Walde and Kelly mines (plate 1) énd‘
may include the tuffs and volcaniclastic sediments'that form thé

-low hills northwest of Stendel Ridge.
-The first three %ones described above end abruptly against the
Unity fault or the North Fork Canyon fault zone and the outcrops gf

the cauldron fill facies of the Hell's Mesa tuff. The fourth zone

appears to continue further south beyond the area of this study.

Faults related to the North Baldy Cauldron

The Unity and Nortﬁ Fork Canyon faultg are interpreted to be
structures comprising a portion of the northern border of a caldera
formed during the eruption of the Hell's Mesa tuff. The center.of
this caldera is believed to be located somewhere in the central ox
southern Magdalena Rangé. As the .central block of the calderq.gub—
sided, displacement along the outer ring faults occurred, exposing.
Yocks of the Spears, Abo and Madera.formafions along the noxthern
wall. Some collapse of the wall must have occurred at.this.timé to .
form the breccias interbedded with.the Hell's Mesa tuffs ;outh and
west of North Baldy Peak.. With furthér subsidence of .the cenfral
block, settling along the Unity and North Fork Canyonlfaults con~-

tinued, dropping the entire section of the Madera down, to.be later

covered by the ash-flow tuffs and interbedded landslide breccias of
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the caldera-fill facies of the Hell's Mesa Formation. The.small
size of the breccia fragments and limited extent of the individual
mesobreccia units intercalated with the tuffs may indicate that a
relatively small amount.of topographic relief Was'presentlin.this
area during caldera collapse, The mixture of Spéérs, Madera and Abo
fraggents in the breccias may indicate thap.the lowermost Spears and
upper Madera~lower Abo were exposed in the caldera wall. Alterna-—
tively; the fragments of Péleozoic rocks in the breccia may reflect
only rgwo;ked material from.the lower Spears. Tnasmuch ag the
caldera—fill facies overlies directly the Abo and Madera rocks north
yof the North Fork Canyon fault (plate 1), the first hypothesis seems
most likely. Details concerning the actual extent of the No:th

Baldy cauldron are not known as of this writing.

Faults relat;d to é cauldron west of-the Kelly district
The four structural-lithologic zones described in the first
part of this discussion are also interpreted to be related to
caldera collapse centered west of the main part of the district;
When viewing the district as .a whole, it is apparent that each of
the zones repreéents a belt of rocks that has been faulted down
relative to the zone that borders.it on’ the east.. The zones alter-
nate between those comprised of monoclinal, westward-dipping
blocks (first and .third zones) separated by somewhat ﬁarrqwer zones
of moderately~ to steeply~dippiné rocks that are locally jumbled—
the récks dip ét various angles with somewhat.divergeﬁt sﬁrikes.
Figure 8 shows the major faults of thé district and their.

interpreted or known offsets. The faults that separate the second
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from the third and third from: fourth zomes south of Chihuahﬁa Guich
are of major displacémente-greater-than lOOO.feet. North of
Chihuahua Gulch and south.of the. Wittt Monzonite, the Waldo—Madera
fault zone is also.one.of major offset. Faults. of unknown displace—
ment separate the.zones.in Hardscrabble Valley.

Within or adjacent.to the second zone (the main.ore éone).
are the dike-like latite porphyry of Mistletoe Gulch aﬁd-the
Waldo—-Madera fault zone-~—two key features which help indicate fhe‘
structural eavironment .of the district. The discontinuous line of
outcrops of the latite.porphyry.form an afcuate band throughffhe
center of the district (plate 1), which changes in'strike:from_NNE
in the southern part of the area to northwest in the area.of the
Mistletoe tunnel. The northwest trend is extended by occurrences
of the latite in the lower levels of the Waldénﬁine.(see figs. 5
and 10). The 1atite‘p$rphyry is‘inteypreted to be part of a ring.
dike occupying 2 deeply-penetrating structure at the ﬁargin of. the
caldera. The latite intruded the fault zome shortly after collj?tpse
of the caldera, as it appears to pre-date the“mineralization.andA
alteration. Available.exposures indicate that only minor.post—in—
trusion movement has occurred aleong the étr&cture.

The Waldo~Médera.fault.zone is .one of the most intriguing
features of .the entire Kelly district.. The SOO;foot—wide zone éﬁ
,jumbled Madera Limestone.extends ;pproximately 2800 feet southward
from Nitt Monzonite (plate. 1). .On the surface; the zone ié'
expressed by a number of blocks of recrystallized and silicated
limestone of variocus sizes that generally have a northerly strike

and steep dips that range from 50° westward to‘800 eastward. Small
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breccia zones may:be'observed.between many of the larger blocks.
_The zone extends at least. 1500 feet below the surface.throughout
most of its length and has been extensively explored abo;e the 6500 .
elevation in the area of the Walde shaft, as it contained several
significant zinc-lead-copper orebodies;. Figures 5, 10 and 11 are
slightly modified mine maps from ASARCO files which illustrate
most graphically this complex.feature. Figures 5 and 10 .are.
cross—sections Whose.positionsbare‘noted on figure 11.

The jumbled limestones and shales are bérdered-bn the west
by a complexly—faulted .mass .of Hell's Mesa and flow—béndedltuffs,
which also show some evidence of jumbling and brecciation.‘ The
flow—banded uwnit is welded .to the Hell's Mesa in several locations -
near the Waldo Mine, indicating that it was very ﬂot and implyiﬁg '
‘that its source was nearby. Chapin (pers. éommun., 1976) believes
these to be the only exposures where the fiow~banded unit is
wélded to the older rocks.

The jumbled zone is bordered on the east by a monoclinal.block
of Sandia shales and limestones which are capped.in<oné érea just .
north of the Ida Hill tuanel by a thin.plate of Madera Limestone
{plate 1). The contact of the plate is discordant, as shown in
figure 10, and was slightly mineralized. The contact.is.exposed in
a small prospect driven into the southern edge of thé plate, Here
imbricated fault breccia indicates that the relative moment of the
plate at that peoint was eastward.

The age af these features can be closely bracketed, .as they
occurred shortly after or during the initial eruption of the

flow-banded member of the A-L Peak Formation (29 m.y.), but before



the intrusion of the Nitt and Anchor Canyon stocks (28 m.y.) and
the mineralization that followed.

The origin of the Waldo-Madera fault zome is poorly under—
stood, but several hypotheses can.be pregented:

(1) The zone is a broad band.of faulting that has had
complex movement related in part teo uplift and rotation of the
range during the beginning phases of hasifni and range deformation.
Repeated movement along both the Waldo and Madera faults at

different times may have caused the jumbling obsexved.

(2) The zone may represent some sort of chaotic breccia
similar to the Armagosa Chaos in Death Valley, California, des—

cribed by Noble (1941). He gave as characteristics of the chaos:

(a) The arrangement of the blocks is confused
and disordered—--chaotic.

(b} The blocks, though mostly too small to map
{at a scale of 1:2,5000), are vastly larger than
anything that could be called a breccia; most of
“them are more than 200 feet in length, some as
much as a quarter of a2 mile, and a few.are more
than half a mile in length.

" {c) They are tightly packed together, not separated
by much finer-grained material.

(d) Each block is bounded by surfaces of movement;
in other words, each is a fault block.

(e) ZEach block is minutely.fractured throughout,

vet the original bedding in each block .of sedlmentary
rock is clearly discernible and is sharply truncated

at the boundary of the block, Commonly the bedding,

even of incompetent beds, is not greatly distorted.

The Armagosa chaos covers a large area in the Death Valley

region and occurs as the upper plate of a thrust (?) fault. The
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remaining thickness of the chaos does not greatly exceed 2000 feet,

but Noble (op. cit., p. 965) states that it may have been much

greater.

Many-of the characteristics of the Armagosa chaos apply to the

jumbled blocks of limestone in the Waldo-Madera fault zone, and it
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is possible that the jumbled zome is the down—faulted and preserved
remant of a chaotic mass that had an unkpown, but probably limited,
"~ extent in the Kelly district. -

{3} The zone represents a large mass of caldera collapse-re—
lated landslide material similar to the megsbreccia in the central
San Juan Mountains of Colorado described by Lipman (1976). The
zone is the result of large-scale collapse of the oversteepened
cauldron walls as the central block of the cauldron subsided.’

Aithoughxthere may be . other possible mechanisms by which
features such aé the Waldo-Madera fault zone may form, the three.
described above seem most possible, given the present state of
knowledge of the geology in the Magdalena area., The first
hypothesis may be discounted partly because evidence of basin .and
range deformation has not been doéumented to have hegun earlier.
than about 26 m.y. ago in the‘Magdalena area (Chépin, PErS. COmmun.,
1977). Also, the shéer size of the fault zone is atypical of basin
and range faults known elsewheve (Chapin, pers. commun., 1975).

The second hypothesis can also be discounted by .virtue of its
age (28~29 m.v.). The megabreccia could possibly have been .formed
along a high—angle reversé fault related to Laramide defo¥mation, but
no other evidence of structures of this typé and magnitude in this
part of New Mexico have been recorded.

The age of the structure and regional structu;al setting
support the third possibility. .Large cauldrons of middle.or late
Oligocene age surround the Keilﬁ district and the margins .of three
of these features are known to exist within five miles of the Kelly
townsite., The North Baldy cauldrom, source of the Heﬂll's Mesa

tuff, is south of Kelly and the Socorro cauldron, source of the

tuff of Allen Well,-is to the east.
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In the scenarioc suggested by this hypothesis, large—-scale

. collapse of the area west of the Kelly district accompanied the -
eruption of the’fiow—banded mewber of the A~L Peak Formation. The '
actual locus of collapse is unknown, ;s the caldera is now deeply
buried under later intracaldera andesites and younger tuffs, but it
is believed to be located somewhere in the area west of the Kelly
townsite (fig. 7).

During collapse, major movement along Ehe Grand Ledge and
Madera faults and the fault zone now cccupied by the latite porphyry
of Mistletoe Gulch dropped precaldera rocks down on the Wést.' Some
adjustments may also have Qccurred along the North Baldy and Unity
faylts at this time, but the Worth Fork Canyon fault appears to have
experienced little additional movement after the deposition of thé
.Bell's Mesa tuff. In the area of the Waldo Mine, the precaldera
rocks appear to have included all rocks older than the flow~banded
tuff. Rapid loss of support on the west caused oversﬁeepening of
the caldera wall along the Madera fault zone. Landslides~-apparently
on a spectacular scale--occurred, dumping precal&er; rocks into the
void. The rocks may have slipped on the Sandia shales or perhaps
the thin shales in the lower Madera. The rocks may have moved as
a semi-coherent mass in which the rough stratigraphic sequence was
maintained. Some miking of the rocks occurred, resulting in blocks .
of Hell's Mesa tuff surrounded by Madera Limestone and large pieces
of flow-banded tuff enclosed(?) in blocks of Hell's Mesa tuff. The-
deeply-penetrating ring fracture was later intruded by masses of

monzonite, latite porphyry and assorted dikes.
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Lipman (1976} has described large megabreccias in the San
Juan volcanic field of Colorado that in a general sensé seem identij
cal to the brecciated mass in the Waldo—Ma&era fault zone. Careful
work is needed in the Waldo Mine to‘confirm or réfute this tentative
correlation. Masses of intermediate to silicic igneous rock that
are ccommon between the breccia fragments were previously interpreted
to be dikes. Closer examination may reveal.that they are, in part,
volcanie rocks mixed with the limestones. Further attention should
be given to the band of complexly-faulted Hell's Mesa and A-L
Peak tuffs west of the Waldo fault, as these racks alsoc appear to
be incorporated in the megabreccia. Should future work confirm’
this correlation, the rocks should be relegated te a separate unit,
perhaps termed the Waldo Megabreccia member of the A-L Peak-Formatipn.
Most of the faults within the Waldo-Madera fault zone resulting
from £he caldera collapse originally were probably vertical or
dipped steeply westward., Later rotation of the range during basin
and range deformation has resulted in the present configuration by
steep, east-dipping faults and fractures within the zone bordered
by steep, westward-~dipping basin and range faults (see figs. 5 and 10).
The plate of flat-lying Madera Limestone overlying steeply-dip—
ping Sandia rocks north of the Ida Hill tunnel (plate 1, fig. 10)
is also interpreted to be a landslide feature, although the apparent
eastward movement indicated by the imbricated fault brecc%a fragments
presents an enigma. Apparently the precaldera rocks above the Sandia
in this area had already collapsed into £he caldera and the Sandia
was tilted westward somewhat at the time the limestone block was

emplaced. The source of the limestone was probably to the east or
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north, as a source to the west does not fit with present interpre-~
tations. The apparent eastward movement indicated'by the fault
breccia may be due to counter-clockwise rotation of the limestone

mass as it slid downslope.

Structural Adjustments During and After Stock Intrusion

Some structural activity seems to have accompaniedlthe period
of stock intrusion éhat immediate1§ followed collapse of the cauldron
centered west of the Kelly district. 8light doming of the Abo rocks
may have occurred as the latite porphyry of Mistletoe Gulch intruded
the area befween the Chihuahua Gulch and 0.C.0. faults (plate 1,
fig. 8). Intrusive pressure may also have formed the two horsts of
Precambrian rocks east of the Kelly and Waldo Mingé (plate 1). Theée
blocks occur along one of the margin fault zones of the Magdalena
-cauldron. Intrusion of the Nitt monzonite or latite porphyry, or
both, along the zone in this area may have caused differential up-
1ift of the blocks.

Minor adjustments aleng NNW-trending faults appears to have
immediately followed stock intrusion. The mafic and white rhyolite
dikes were intruded at that time and Wére‘closely followed by

mineralizing solutions.

Miocene Faulting

Structural activity following the intrusion of the Nitt and
Anchor Canyon stocks was dominated by basin and range-type faulting.
In the central and southern parts of the Kelly.district, the South
Camp fault appears to be the range-bounding structure. South of

Chihuahua Gulch, rocks of the A~L Peak Formation are in Juxtaposition
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with rocks that are progressively higher in the Spears Formation as
the South Camp fault is traced southward until it intersects and
truncates the northwest-trending Smith fault. South of this point,
rocks of the Andesite . .of LandavasorReservoif and Potato Canyon '
Rhyolite were faulted against A-L Peak units. The similarity of the
andesites in the two groups caﬁsed Loughlin and goschménn (1942)
to miss the faulting in this area.

Displacements across the South Camp fault is estimated to be
about 1100 feet in the area south of Chihuahua Gulch and aboﬁt the
. same at the southern edge of the mapped area. The fault contiﬁues
southward for several miles near the western crest of the Magdalena
Range (Kfewedl, 1974).

The range—-bounding fault cannot be tracéd with certaintf north of
Chihuahua Gulch. Some post—int;usive movement on the Waldo and
ﬁadera faults is evident, and it appears that the Waldo faﬁlt may
have experienced the greater displacement. Movement along the Waldo
fault appears ‘to have resulted in the truncation of the limestone
megabreccia in the Waldo mine and juxtaposed A-L Peak rocks against
lower Madera limestomes just north of Xelly (plate 1) and brought
middle(?) Abo rocks against lower Madera just south of the townsite.
Near the Waldo mine, thick, jumbled Hell's Mesa and A-L Peak rocks
were faulted against.the limestone megabredcia tfig. 11). Movement
along the Waldo fault zone further sheared and deformed the Abo sand-
stones to such a degree that ASARCO geologists did ﬁot %ecdénize the
unit. |

The displacement on the Walde fault duriﬁg the Miocene is

uncertain because the thickness of the jumbled Hell's Mesa and A-L

Peak rocks is not known and the amount of displacement of the



102

precaldera rocks during caldera collapse has not been ascertained.
It would be reasonable to assume that at least SOQ to 1000 feet of
displacement has occurred, howéyer,
In the Stendel Ridge area, the trace of the range-bounding
fault is notvexposed. It is inferred to be an extension of the
Waldo fault and to rum along the eastern base -of Stendel Ridge,
cutting off the Stendel fault, and to separate Abo sandstones from
the steeply~dipping Madera Limestone west of the Vindicator fault
{plate 1). Agsuming a thickness of 1800 feet for the Madera, dis-
placement on_ the Waldo fault in this area may exceed 1500 feet.
Further north, simultaneous movement on faults of the
Magdalena-Morenci lineament dropped the ground betweén the
Magdalena Range and the meain part of the Bear Mountains. Faulting~
along the zone resulted in the formation éf the San Auéustin graben,
a southwestward bifurcation of the Rio Grande rift (Chapin, 1971a).
Uplift of the ranée was accompanied by westward rotation. The-
average rotation in the northern part of the Mapdalena Range appears
to be about 300, based on the uniform tilt of the Spears in the
southern part of the district. .Differentiai rotation may have-
cccurred in blocks bordered by the larger transverse faults, such
as the 0.C.0. and Chihuahua Gulch faults, resulting in an apparent
right lateral offset in the range-bounding faulf as it crosses those
structures (plate 1). A
Uplift was apparently rapid at times, as oversteepening induced
large landslides throughout the district. Several remnants of these

landslides were mapped during this study (plate 1). Toughlin and

Koschmann (1942, pp. 73-75) identified six pediment surfaces in the
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district, resulting from differént stages of post—intrusion uplift.
They have elaborated on these pediments in another paper (Koschmann,
and Loughlin, 1934).

Uplift of the Magdalena Range persists today. Shar? fault
scarps along the east face of the mountains attest to, recent and

continuing activity.



ECONCMIC GEOLOGY

The Magdalena district has been .one of the foremost.producers

’ 6f zinc and lead in Mew Mexico, having produced at .least.$52.million
worth of metals (at original prices). . Partial production records
compiled by Loughlin . and Koschmanﬁu(1942, PP. 84~85) indicate that
the district produced more ‘than 230 million pﬁunds:of.zinc,:loo_
million pounds .of lead and 11 million .pounds of copper,dﬁring the
vears 188l to 1940. Subsequent production.to date:migﬁt increase
these figures 50 to 100 percent. |

Mining activity in the district was assentially:continuoué from
1875 to about 1960. Sporadic production occurs today from the
Linchburg mine and there is renewed exploration activity in and
around the Kelly district.

The largest mines in the district are the Nitt—Graphi&, Waldo,
Kelly and Linchburg, from which at_least~95_percen£-of the.total
production has come. . Loughlin and Koschmann (1942) gave a detailed
historical sketch of the .area and.discussed at some length the
developments in the various mines prior.to 1940, The reader ig
referred to their.paper and its bibliography. Because Loughlin .and.
Koschmann (1942) and Titley. (1958, 1961) have given faixly detailed
descriptions of most of the mines of the district and have gone.to
considerable lengths describing the.varioué gangue  and ore.minerals
found throughout the area, the remain&er of thiS'péper.Will deal
with a description of the controls of mineralization, soﬁe of the

aspects of the distribution and controls of certain features of
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the hydrothermal alteration found in the district, and suggestions

for future prospecting in the immediate area\

Ore Controls

Sevéral factors are responsible fof the positioﬁs and types
of orebodies found in the Kelly district. -Ali of these facﬁors
have beeﬁ described in some detail by Loughlin and Koschmanm (1342)
and Titley (1958, 1961, and 1963} and are summarized below.

The main ore control in the district is the intersection of
faults with reactive limestones, especially thﬁse of the Kelly
Formation. Essentially all late Oligocene pre—ore %aulté were
conduits for hydrothermal fluids, although the intensityiof minerali—
zation varies widely among individual faults and along strike of
any individual structure. The intensity of mineralization also
appears to be a function of the proximity to a large intrusive
body. The largest orebodies in the Graphic, Waldo and Linchburg
mines are all within a few hundred feet of major intrusive bodies,
and although no such relationships are known from the Kelly mine,
the presence of a large mass of latite porphyry in the lower levels
of the southern end of the Waldo may indicate a similar situation.

The Sandia Formation may have been an additional control over
the shape of soﬁe of the orebodies as the relatively impermeable
and unreactive shales may have acted as a dam over the morg‘permeable
and reactive Kelly Limestones. This rélationship is suggested by
the manto shape. of several of the deposits (see fig. 12), although
Title& é1958, p. 28) believes that the shalgs should ﬁot be con-—-

sidered an ore control in this way.
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Figure 12, Generalized cross-section across the Linchburg orebody
illustrating relationship of ore to the major structures and
to the Kelly Limestone. Modified slightly after Titley (1958).



107

et

A

T

Eotd 1 B J s
P N

~ .

[ -W....bﬂ

3

A 55

£ g k &S

. 4 5 §3

gz g
AN =

e
Wer PIP5_

\‘\5!

North

Looking




108

Titley (1958, 1961, and 1963) has ﬁéscribed the controls over
sulfide deposition and orebody zoning that certain silicate min-
erals had in the Linchburg mine. In short, hig studies indicaté that
crystallization of silicate minerals inclu@ing garnet and pyroxenes
only slightly preceded, oxr weré contemporaneous with, sulfide deposi-
tion. As the sulfides were depoéited sphalerite preferentially
replaced garnet and galena replaced both sphalerite and pyroxene.

He also noted a regular sulfide zoning, with sphalerite most abundant
closest to the fault and galena more common towards the outer edges
of the orebody. The reader is referred to Titley's works cited above

for details.

Rock Alteration

Propylitization is the most ﬁidespread type'of alteration found
in the Kelly district, affecting to some degree almost all of the
volcanic and intrusive rocks. Minerals characteristic of propyli-
tization imclude quartz, calcite, chlorite, epidote and sericite
(Creasey, 1966), which occur in veinlets and as‘replacements of
original rock minerals. Within the Kelly district, propylitic
alteration has had significant effects on the vﬁlcanic rocks,
especially the Spears Formation. Intense propylitization has changed
the original purple and red colors of the Spears Formation to shades
of green and gray in the Stendel Ridge area. FPropylitic alteration
of the Abo Formation at the eastern base of Stendel Ridge bleached
the normally red sandstones and siltstones to shades of green and
gray and prompted Loughlin and Xoschmann (1942) to correlate these

rocks with the Sandia Formation.
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Propylitization has strongly affectéd tﬁe volcaﬁic and in—_
trusive rocks north of Chihuahua Gulch. In this area, chlorite
has replaced biotite and hornblende in the dike rocks to various
degrees and epidote, quartz and calcite occur in veinlets and as
replacements of plagioclase and groundmass. Some aéeas contain
large amounts of pyrite, which, when oxidized under supergene
conditions, forms sulfuriec acid; the acid has bleached the rocks
and transformed much of the sericite into clays. Pyritization is
most intense in the volcanic rocks west of the Waldo-Madera fault
zone, north of £he Waldo tunnel (seé fig. 13) and in the area bor-—
dering the‘pass between the main part of Stendel Ridge ané the low
hills to the northwest. Disseminated pyrite is also common in the
sedimentary rocks and ash flow tuffs of fhe.intracaldera rocks that
constitute the small crescent-shaped hill approximately oﬁe mile
west of Kelly (plate 1). As a result of the oxidation of the
pyrite, the rocks are generally mottled brown and white, and many
of the details or rock texture have been partially destroyed.

Silicification is also a widespread alteration feature.in the
Kellyvdistrict. Large volumes of kelly Limestone have been trans—
formed to jasperoid in the eastern and southern parfs of the
district. Almost every exposure of the Kelly Limestone found along
either side of the crest of the range has been at least‘parfially
replaced by 1ight—gr§y, yellowish or reddish-brown jasperoid. This
jasperoid often has a banded appearance, with 1ayers.9f dense
siliceous rock coated on both sides by masses of drusy quartz
crystals (see fig. 14). The banding may be largely a reflection of

the original thin bedding of the Kelly. Many of the bands are
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Figure 13. TPhotograph of the altered and bleached Pinnacles member of the A-L Peak Tuff northwest
of the Waldo mine portal. Note the large silicified pumice fragments below and to the left
of the knife. | ,



Figure 14. Photograph of jasperoidal Kelly Limestone exposed in outcrops on the crest of the range.
Silica-rich solutions permeating the rock along bedding planes has resulted in a multi-colored
jasperold rich in accessory minerals. '
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irregularly contorted, which may indicate some change in volume
of the original rock mass during silicification.

The filuids responsible for silicification of the Kelly appear
to have béen controlled by some of the north-~trending, 1a£e~011gocene
extensional faulte that in part preceded intrusion of the stocks
and controlled ore deposition. The most intenseiy-altered Kelly is
adjacent to these faults and to several transverse structures that
connect individual strands of the é&stem. The fluids responsible
for silicification were probably related to those that ereated thé
large skarn ore bodies found in the distriect. The jasperoid commonly
has small pods of lead and zinc mineralization, some of which have
yielded a.few tens of ore in the past. Sparsely disseminated pyrite,
and occasioﬁally, argentifercus galena, are common in the jasperoid,
especially in the more intenéely altered areas., Barite; calcite,
fluorite and dolomite are common accessory minerals, especially in
the area east of Kelly, and some gold and silver is apparently
scattered throughout the mass. Recent widespread bulk sampling
indicateé that the amounts are sub—economic even at the present
{1974) higher prices for the two metals. )

An area of intense silicification is found near-the.Gfand Ledge
tunnel, where rocks of the Kelly Limestone and the underlying Pre—
cambrian granite and argillite have been so intensely.silicified
_as to render them indistinguishable. The area, which is up to 100
feet wide, éxtgnds along' the Grand Ledge fault for several hundred
feet. A roughly circular area of the most intensely si}icified

rock appears to be a breccia, as faint outlines of angular fragments .

can be distinguished in the mass. The area of this intense
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silicification lies at the southern end of the Linchburg orebody
and directly above the quartz monzonite exposed in the Linchburg
mine. |

Silica-rich hydréthefmal fluids have also affecéed)the faleozoic
limestones and siltstones in Hardscrabble‘Valley. In contrast te
the general silicifiecation of the Kelly Limestone in the central and
eastern parts of the district, the Madera Limestone has been con—
verted to a dense mass of calc-silicate minerals over large areas
in the northern part of the distxict. The limestones south and
west of the Vindicator Mine (plate 1) have been largely replaced by
an aggregate of diopside, chiorite, garnet, carbonate and quartz.

The alteration is especially intense in the limestones ﬁest.qf the
Vindicator-énd those nearest‘the projection of the Waldo fault to the
west agd north. Minor lead-zinc mineralization occurs in veins and
as disseminations in the silicated.rocks throughout the area. -Oﬁ
integest is the fact that the most Intense silication occurs in
limestones away. from its contact with the Anchor Canyon stock.

A wide band of sanded, recrystallized‘limestone separates the
gilicated rocks from.the stock morth and west of the Vindicator Mine.
The intensity of alteration is generally seen to increase near
inferred or projected faults. Recent work has shown that a large
area of skamnified, locally mineralized Paleozoic rock% also exists
east of Granite Mountain, north of tﬁe Hardscrabble Valley area.

If these rocks ére part.of a continuous zone of alteration and’
mineralization under the intervening élluvial cover, the belt of

silicated sediments could extend for some 2-1/2 miles northward

from the Vindicator area.
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Suggested Areas for Additional Prospecting

Hardscrabble Valley. Excellent potential exists for the dis—

covery of new orebodies in the Hardscrabble Valley area. The
presence of high-grade zinc—lead-copper mineralization in the Vindi-
cator Mine is amplehindicgtion éhét the conditions for the formgtion,
of ore deposits were present in the area. Drilling by ASARCO and the
New Jersey Zinc Company has indicated approximately 25,000-35,000
tons of material grading 8 to 10 percent combined zinc, ?opper and
léad. This mineralization occurs along the Vindicatoxr fault, in
Madera(?) limestones, aﬂout 500 feet south of the Vindicator.shaft.
High-grade mineralization is alsc known to occur in the Vindicator
itself, where approximately 5,700 kons of ore containing about 25
percent of the combined metals was produced (ﬁoughlin and Koschmant:,
1942, p. 161}). ' The ore occurs in the southern part of the mine
workings., Significantly, the ground below the mine workings and
between the mine and the mineraliéation furthexr south has not been
expiored. The area include; the possible intersection of the
Vindicator fault with an inferred transverse fault approximately 300
feet south of the Vindicator shaft, which should be an espécially
favorable area for exploration. "

The area of possibly greatest ﬁotential for the development of
substantial amounts of mineralization in the entire district is in
the belt of moderately to intensely silicated limestones and sile~
stones that extends northward from the Vindicator mine’area. The
distribution of.the skarn and associated minor sulfide mineralization
indicates that the mineralization could be related to one or more

intrusive bodies located at moderate depths along the Waldo and/or
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the Vindicator faults. Exploration efforts should be directed towards
defining the possible centers of mineralization. Special attention
should be given to areas of intense'silicatiop that alsc contain
scattered zinc, lead or copper mineralization at surface. Such areas '
are found ﬁear tﬁe Vindicator Mine. and near some short prospect

shafts approximately 1,500 feet NNW of .the Vindicator. Similar areas
are found east of Granite Mountain, north of Hardscrabble Valley.

Azurite Mine area. .Significant copper mineralization is found

in the Azurite Mine, located approximately 3,600 feet south of
Vindicator Mine (plate 1). At the Azurite, the Nitt monzcﬁite has
been intensely shattered, alteved and locallj mineralized over a
‘zone known to be at least 300 feet wide. Lesser, scéttered copper
mineralization can be found in altered monzdnite at least 1,000 feet
north and 2,000 feet south of the mine. Chalcopyrite and rare boinite'
occur with pyrite, pyrrhotite, galena and shalerite in quartz .and
carbonatg veing and veinlets in monzonitie rock thgt has been altered
to<a mixture of chlorite, sericite, serpentine, quartz and .carbonate.
Some possible.secondafy.biotite and orthoclase may be .present in
veinlets or as.local replacements of earlier minerals;r”The mineralized
zone appears.to.extend westward under the alluvium for an unknown
distance. Structures.on the. east side of.the zone appear.to dip
consistently toward‘the.éggg, while those on the ﬁest gide dip-
generally west, implying that the zone of favorable breakage may
widen with depth..

The mineralization at the Azurite is typicél of ﬁhat.found in
“"porphyry coppex'~type deposits. A channel sample cut in the walls

of the main drift in the mine averaged approximately 0.253 percent
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copper over a length of 250 feet. The zone of mineralization is
virtually untested to depth and in the adjoining alluvium-cavered
areas.

Exploration Possibilities in the South End of the Distrxict. The

southern end of the Kelly district wemains relatively unexplored,
despite numerous indications that significant mineralization may be
present. The zone oﬁ greatest potenfial is'necessaril§ restricted
to the areas of Madera Limestonez outcrop sout@ and west of the
Linchburg Mine (plate 1). Ground west of thexline of exposures of
Mistietoe latite is unfavorable because faulting has dropped the
host. limestones too deeply for practical exploration a£ this tiﬁe.
Ground east of the Grand. Ledge fault and north of the Unity fault_
appears to have been unfavofable for the formation of pyrometaso-
matic mineral éeposits, perhéps because the Kelly Limestone was not
buried as deeply as it was to the west at the time of mineralization.
Several areas are worthy of detailed scrutiny in this southern
part of the distriet, including the area West'of the Lincﬁbﬁrg mine,
the margin of the concealed Linchburg stock, and the Kelly and Madera

Limestone near North Baldy Peak.

Linchburg Mins Area. Cver four hundred thousand tons.of

high-grade (+13%7 combined) zinc~lead-copper ore ﬁas been mined from
a pyrometasomatic deposit along the Young America-~Grand Ledge.fault
zone. As the mine has been Workeé almost wholly by lesse&s who were
forced to ship ore directly to a mill at Hanover, New Mexico, ohly
the higher—grade material was mined. Substantial amounts of low to
medium~gréde (5% to 7% combined zinc-lead-copper) is thought to be

readily accessible ‘in the mine. Also, little systematic exploration
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was doné to tést for mineralization in Keily Limestone in the
_down—faulted Blocks west of the mine workings. The intensity of the
mineralization in the mine is a good indication that the Kelly may
be mineralized wherever it was cut by pre-mineral faults in the area.
The character of the Linchburg_stbck has never been determined
since its discovery nearly 30 years ago. Four shélloW'holes were
drilled south and west of the south end of the Linchburg workings in
an attempt to determine the extent of thislbody. All four holes
penetrated the sparsely mineralized equigranular monzonite, but the
southern and western contacts were never delineatéd. The Kelly
Limestone around the periphery of this intrusive body should be an
excellent prospecting target, as the contact would provide a good

channelway to the Kelly for any mineralizing fluids.

North Baldy Area. Zinc-lead mineraiization in hedenburgite-gar-
net skarn replacing the Kelly Limestone on the southern f£lank of
North Baldy Teak indicates another possible center af mineralization
similar to that at the Linchburg. Silicate minerals have replaced
the upper part of_the Kelly Limesgone adjacent to whité rhyolite
dikes in this area (see figs. 15 and 16). A sﬁall outcrop of siﬁilér
mineralization is also to.be found adjacent to the west trending
latité dike along the North Fork Canyon fault zone. A recent
~wagon—drilling project has indicated approximately 50,000 tons of
material grading 5 percent combined zinc and lead is present and‘
is confined to a thin zome in the upper Kelly. The northern and
western limits gf the mineralization were not &efined.v More. recent

core drilling on the western and southern flanks of the peak was
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Figure 15, PFPhotograph of the gkarn occurrence east of North Baldy Peak showing the relationshilp
of the skarn(s) to the white rhyolite dike (Twr).
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aimed at exploring the Kelly Limestone along the major féult zZones

. in hopes of discovering more substantial mineralization. This
drilling resulted ip the discovery of a ménzonitic intrusive body
that had penetrated the Paleozoic section under the peak to an
altitude of appreximately 9,100 feet. The body appesars to be in
part an intrusive breccia composed of fragments of foliated
Precambrian greenstone or argillite in a fine-grained intrusive
matrix. All rocks appear to be iIntensely altered to sericite,
chlorite‘and serpentine with some'possibie secondary potash feldspar
- and quartz ﬁlooding and veinlet development. Pyrite and,chalcopy~
rite are sparsely disseminated in the rock and several narrow,
strong lead-zinc veins cut the mass. The monzonitic mass had stoped
out the Kelly Limestoneualong the western side of the peak and the
Sandia shales had locally beén strengly altered to 5 talc—chlorite
mass in three of the four holes. Approximately'lo feet of. low-grade
zinc—lead mineralization was cut in a hole drilled on the south
flank of the peak. The mineralization was in a chloritized heden-
bergite(?) skamm in the upper part of tﬁe Kelly Limestone. Below
this was silicified and recrystallized limestone containing minor
mineralization which was in contact with the intrusive.

The exploration program did not fully evalﬁate the mineralization
in the North Baldy area, but has indicated that good potential.exists
for the discovery of substantial amounts of pyrometasomatic ores
in the Kelly a;ound the margin of the monzonitie intrusive and to
the north along the North Baldy fault:u Should later exploration
efforts find ore in these areas, attention should be directed towards

the Kelly and Madera limestones on the western (downfaulted) side
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of the North Baldy fault. .The excellent structural preparation and
abundant silicification and low-grade mineralization along the fault
zone bodés well .for the discovery of mineralization at depth,

The presence of strong, north-trending quartz veins containing
lead, zinc and copper cutting the cauldron £ill facies of the Hell's
Mesa Formation west of North Baldy Peak (fig. 17) indicgtes‘that
conditions may be favorable for the discovery of replacement
deposits‘in the Kelly or Madera limestones along the North Fork

'Canyon fault. The monzonitic intrusion discovered recently under
North Baldy Peak appears to be controlled by‘the'margin faults of
the Morth Baldy Ca;ldron and may extend westward along the ring
fault. Deep explo?ation may be required, but the rewards could be

substantial.



" Figure 17. Photograph of wveins cutting the cauldron-fill facies of the Hell
and south of North Baldy Peak. Looking SSW. v = velns,

's Mesa Formation

west
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