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ABSTRACT

The Magdalena Mougtains of west~central New Mexico are a
norih~trending block-faulted mountain range situated within the Rio
Grande graben of the Pasin and Range physiographic province. HMapping
in the central Magdalena Mountains was undertaken to determine the
geology and tectonic history of the range.

The oldest strata exposed in the central Magdalena Mountains
are Precambrian argillite and granite, which are unconformably overlain
by upper Paleozoic sedimentary rocks. Mesozolce strata were deposited
but were subsequently eroded. Uplift during the Laramide orogeny was
followed by extensive erosion and léveliné éﬁring the Locene Epoch.
Voleanism began during the Oligocene Lpoch with the deposition of
volcgnoclastic sediments, lava flows, and ash flows of the Datil Group.
Movement along a K. 80° W.~-trending, steeply dipping fault zone in Early
Oligocene time resulied in uplift of the northern portion of the Mag-
dalena Mountains and caused 2,5 miles of strike slip displacement of
the strata. The emplacement of ash flows separated by caldera fili de-
posits followed the formation of the N. 80° W.~trending fault zone. The
source areas for the Hells Mesa Formation ash flow and possibly the
Sawmill Canyon formation ash flow are at the southern limit of the study
area. The Timber Peak rhyolite'ash flow is the youngest volcanic unit
and its source area lies in the ﬁortﬂern San Mateo Mountains, southwest

of the Magdalena Mountains.
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Foliowing the emplacement of the Dratil Group, the Magdalena
area was faulted and tilted along a north-northwest-trending zone ﬁhich
localize& the emplacement of dikes and stocks dated at 28 to 30.5 m.y.
The Late Oligocene nrorth-northwest-trending structures also se}ved as
the conduit for the hydrothermal solutions which formed limestons re-
placement deposits adjacent to the fault zones. The ancestral Magdalena
Mountaing were a topographic high during the Miocene Epoch? and suppli®ed
detritus to the adjacent lowlands. By Late Miocene time the Magdalena
area was nearly completely buried by its own debris. Block faulting
began during Late Miocene time and resulted in 5000 feet of structural
relief between the Magdalena Mountaiﬁs and the surrcunding basins.

Zinc~-lead mineralization in the basal Mississippiap limestone is
genetically and spatially related to the Oligocene stocks. Fyrometa-
somatic replacement and mineralization in the Linchburg and North haldy
Peak mines along Late Oligocene,,north—northwestntrenéing structures
may be related to a known buried stock underlying the area. Both miner-
alization and alteration progressively decrease to the south of the
Linehburg-North RBaldy Feak area. %he spﬁtial association of dike rocks,
particnlarly the white rhyolite dikes, to exposed stocks sgggests the
presence of a buried stock underlying a portion of North Fork Canyon
where sills, dikes, and plugs are very common. The potential minerali-
zation either in the stocks, or in the wall roeck surrounding ths stocks,
makes the Linchburg-Forth Baldy Peak and Forth Fork Canyon areas favor-

able for buried ore deposits.



INTRODUCTION

Although the geology of thevMagdalena mining district is gener-
ally well understood (Loughlin and Koschmann, 1942), little is known
about the geology and tectonic development of the Magdalena Mountains
themselves, The lack of geologic information regarding the mountain
mass into which the ore deposits have been emplaced leaves many problems
unsolved., These include 1) definition of the Paleozoic stratigraphy,

2) studying the Tertiary Datil volcanics and locating the source areas
for the ash flows, 3) determining guidelines for mineral explorastion

and evaluating the mineral potential of the area south of the Magdalena
mining distriet, including the location of ﬁbssible base-metal-associated
stocks, and &) interpreting the tectonic history of the Magdalena
Mountains and establishing their relationship to the Rio Grande graben
and the Basin and Range physiographic province;

Stratigraphy, strocture, and magmatic intrusion in the central
Magdalena Mountains were studied to determine the geologic history and
tectonic development of the range. The central area provides exposures
of the stratigraphic sequence from the Precambrian to the Holocene. Ex-
tensions of structure from the Magdalena mining district have been stud-
ied, the results of which have been utilized to outline the geologic’
history of the Magdalena Mountains. Although less concentrated-than
that of the Magdalena mining district at the present surface, the miner-
alization in the central part of the mountains reveals many of the same

controls and alteration.



Location and Accessibility

The Magdalena Mountains are located in Socorro County, New
Mexico, approximately 17 miles west of Socorro (Fig. 1). The area stud-
ied is the central portion of the Magdalena Mountains extending 6 miles
north-south from % mile north of North Baldy Peak to approximately 13
miles south of South Baldy Peak and 5 miles east-west, thus covering 30
square miles (Figs. 2 and 3). The central Magdalena'Mountains are also
referred to as the Water Canyon areé after the major ﬁortheast—trending
drainage that transects the area. The mapped area slightly overlaps the
southeastern corner of the Magdalena mining district, which is also
called the Kelly mining district., The area lies within the Magdalena
15~miﬁute topographic quadrangle, and the Molino Peak and South Ealdy
?%»minute topographic quadrangles. | ) ‘

Access to the area is by the Water Canyon road turnoff from U.S.
Highway 60 (Fig. 3). Starting at the campgrounds in Water Canyon, the
road is unpaved and climbs approximately 9 miles to the crest of the
Magdalena lMountains on which is situated Langmuir Laboratory. dJeep
trails offer access up North Fork and Copper Canyons. North Baldy Peak
is also accessible by four-wheel drive vehicles along the crest road,

which starts at the abandoned mining town of Kelly.

Topography and Drainage

Physiography of the central Magdalena Mountains is characterized
by steep slopes and precipitous relief. A narrow, 6-mile~iong north-
trending crestal ridge transects thevarea. North Baldy Peak, at 9B58
feet, and South Baldy Peak, the highest peak in the Magdalena Mountains,

at 10,783 feet, are located along this crestal ridge. Steep slopes of
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almost 2000 feet per mile. extend to the west of this crestal ridge,
whereas gentler slopes of less than 1000 feet per mile extend to the
east, The lowest elevation in the region mapped, 6458 feet, is in the
northeast corner of the area at the mouth of Wafer Canyon.

The area studied contains numerous steep-sided canyons.’ Water
Canyon is the major drainage in the area, with North Fork Canyon, Copper
Canyon and Baldy Canyon serving as its tributaries (Fig. 3}. Other
major drainages include South Canyon, Sixmile Canyon, Ryan Hill Canyon,
Sawmill Canyon, Mill Canyon, Hop Canyon and Patterson Canyon. No per-
mahent streams exist in the area. Runoff is mainly during the rainy

months of July, August and September.,

Purpose and Scope

A detailed study of the central Magdalena Mountains was un&er—
taken for the following reasons:

The stratigraphic section present in the Magdalena Mountains is
well exposed in the central portion of the range. As the stratigraﬁhic
and structural rglationships are more clearly discernable in the central
area than in the Magdalena mining distriet, an aceurate intefpretation
of the stratigraphic and structural geologylof the range can be made.

A study of the Datil Group exposed in the study area would 2id in the
understanding of the volcano-tectonic history of the Datil-Mogollon vol~
canic field.

The Magdalena mining district, located in the northwest portion
of the range, was a major producer of lead, zinc, and copper. The possi-~

bility of buried stocks in the southern portion of the district as
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postulated by Loughlin and Koschmann (1942) and Titley {1958), and the

southward extension of the main ore zone can be assessed from the
results of work in the central Magdalena Mountains,

The Magdalena Mountains are located near the Jjuncture of the
Colorado Plateau Province, the Basin and Range Province, and the Rio
Grande graben, The addition of field data from the cenﬁral Magdalena
Mountains would allow the interpretation of stratigraphic; structural,
and temporal relationships between these provinces, and assist in the

placement of the range into a particular physiographic province,

Method of Investipgation

Eleven months of field work during the spring and summer months
of 1970, 1971, and 1972 were spent in the Magdalena Mountains. Recor
naissance m;pping was done in the northern and southern Hagdalena‘
Mountains, detailled mapping was confined to the central portion of the
range. The geologic map of the present study overlaps with the south-
eastern cornsr of fhe Magdalena mining district, as mapped by Loughlin
and Koschmann {1942) and extends southward into the central portion of
the range (Fig. 3). Aerial photographs, enlarged to a scale of approx-
imately 500 feet to the inch, were used.as a base for plotting the field
datas. The results have been transferred to a2 1" = 2,000 composite .
map consisting of portions of the Magdalena 15-minute quadrangle, and
the Molino Peak and South Baldy Peak 73-minute quadrangles (Fig. &, in

pocket).



Previous Vork

The early literature describing the Magdalena Mountains was
primarily concerned with the mineralization in the Magdalena mining dis-
trict and dealt little with the geology or tectonic development of the
range. Darly workers such as Jones (1904) and Gordon (Lindgren, Graton,
and Gordon, 1910}, provided a brief account of the general geology of the
Magdalena mining district and noted the oceurrences and characteristics
of ore deposits, ILindgren, and others, (1910, p. 258) referred to
the central portion of the Magdalena Range as the Silver Mountain or
the Water Canyon district and discussed the mining activity in the area.

Vells (1918, p. 69-75), in his description of the manganese de-
posits in the Water Canyon distriect, described the geclogy of the cen-
tral Magdalena Mourtains. ‘Lasky's (1932; p.”§3-54) study 6f the mineral
deposits in the Mazdalena mining district also included & general dis-
cussion of the geology of’Water Canyon and Hop Canyon. In both reporis
only a cursory description ;f the stratigraphy and structure was éiven;.

Loughlin and Koschmann's {1942) description of the geology and
ore deposiits of the lagdalena mining distriect is one of the major con-
tributions to the geology of the Magdalena Mountains. They considered
the range to be within a southeast extension of the Basin and Range
physiographie province, Loughlin and Koschmann (1542) admitted this
placement was based on meager data covering a small portion of the
Fapgdalena Mountains and considered any conclusions tentative until a
much larger area has been investigated.

Two additional studies of the central Hagdalena Eounéains have

been made. A portion of the Water.Canyon area was studied by Kalish



(1953); and the geology around Langmuir Labprato;y was deseribed by
Stacy (1968), Because of errors in describing the voléanic stratigraohy.
in their respective areas,’ they did not contribute to the understanding
of the regional volecanic stratigraphy or tectonic development of the
range.,

Browvm (1972) presented data on the volcanic stratigraphy and
tectonics of the southern Bear Mount#ins, 1océted north of the
{agdalenas (Fig. 2). He redefined and expanded the Datil Group as de~
scribed by Tonking (1957). Brown (1972) suggested that the southern
Bear Mountains are a Basin and Range feature developed as a response {o
the opening of the Rioc Grande rift. |

A study of the San Mateo Mountain§ ls_outhwest of the Magdalena
Mountainsg by Deal and ﬁhodes (in press) will aid in the correlation of
similar voleaniec units between the two ranges., The San Mateo Mountains
consist essentially of mid-Tertiary volcanic rocks, ranging in composgi-
tion from andesite to rhyolite. 1In the Mt. Withington area of the -
northern San Mateo Fountains, Deal and Rhodes {in press) describe a caul-
dron 30~40 km. in diameter which they consider to be the source area for
the A. L. Peak Formation and the Potato Canyon Formation. These forma-
tions are lithologically and stratigraphically similar to units present
in the Magdalena Mountains. Deal and Rhodes (in press) describe the San
Mateo Mountains as an eastward dipping block which was tilted dufing
post~volcanic tectonism related to the opening of the Rio Grande rift.

A compilation reporf on the field work currently in progress in
the Magdalena-Tres Montosa area (Chapin, and others, in prgparation) will

add greatly to the level of understanding of the regional geology of the
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area as well as its mineral potential. " Furthermore, contributions to the
regional geology of the Datil-Mogollon voleanic province (Fig. l)zby
Elston (1972) Llston, Bikerman, and Damon {1968), and élston, Coney,

and Rhodes (1970) will add to the undérstanding of the Tertiary volcano-

tectonic framework of the Mogollon Plateau area.

k]



GEOLOGY

The stratigraphic units exposed in the central Magdalena
Mountains can be divided into four main groups accordiﬁé to the rock
type and age. These include Precambrian argillite and granite; Missis-
sippian to Permian limestone, shale, and'sandstone; mid-Tertiary vol-
canic, intrusive, and sedimentary rocks; and talus, pediment gravels,
and alluvial deposits of Quaternary age. A generalized columnar section
of the pre-Cenozoic stratigraphic sequence is preseﬁted in Figure 5 and
the Cenozoic stratigraphic sequence in Figure 8. The area has undergone
at least 5 separate periods of faulting and tilting since Precambrign
time resulting in the formation of unconformities, fault blocks, and
complex surface geology.

The kedrock units cfop out in a semimdomallconfigufation south
of th? Precambrian rocks exposed in the northeast porﬁion of the study
area (Fig. 4). Paleozoic and Cenozoic formations, dipping southwest to
southeast, become progressively younger south of the Precambrian expo-
sures, The Miocene Popotosa Formation, the youngest Tertiary unit, caps
the crest between South Baldy Peak and Langmuir Laboratory. Farther to
the north, in the Magdalena mining district, Precambrian rocks form the
east slope of the range; sedimentary rocks, steeply dipping to the west,
cover most of the west slope; and Oligocene volcanic rocks form the

foothills.

11
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Dark-red, fine.grained sandstone.

Thick sequence of dark-gray, fine~qrained,
black, chert-bearing limestones with inter-
bedded quartzite and shale bed near the bose.

Gray to black corbonaceous shole with inter-
bedded sandstones and fossitiferous
limesione. : :

' heddish-brown,fine-groined quartzite and sub-
ordinate interbedded shale.
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Pink, coarse-~graired granite,

Light-green, fine-groined argillite with
more schistose zones locally.

1000
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Figure 5. -Pre-Cenozoic stratigraphy of the central Magdalena

Mountains.
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Precambrian Rocks

The oldest rocks in the mountain range areAPrécambrian argil-
Jite and granite. Although no radiometric ége determinations have been
made on the rocks, a Precambrian age may be inferred from a combination
of several lines of evidence. This evidence includes the depositi;n of
Mississippian limestones upon a subhorizontal granite and argillite sur~
face suggesting a long period of erosion; pre«Mississipplan regional
metamorphism as evidenced by the lack of it in the post-Devonian o? Terw
tiary rocks; and according to Loughlin and Koschmann (1942), structural
similarity to Precambrian rocks elsevhere in New Mexico,

The Precambrian terrain consists predominately of argillite.
Precambrian granite is limited to a circular outcrop east of North Baldy
Peak., According to Loughlin and Koschmann (1942, p. 9-11) in the
Magdalena mining district, the Precambrian granite is more common rela-

tive to the argillite in the Precambrian terrain.

Argillite

Distribution and Occurrence, Argillite crops out in the north-

ern portion of the study area, and is best exposed east of North Baldy
Peak, where Mississippian limestone unconformably overlies Precambrian
rocks. The argillite is bounded on the south by the N, 806 Weetrending
North Fork Canyon fault zone and to.the east by a N, 35° W. fault zone.
The argillite also crops out in sec, 18, T. 35., Re 3W., in a highly

silicified horst block within a north-northwest-trending fault zone.

Correlative rocks in the Magdalena Range have been called greenstone
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schist in Lindgren, and others (1910, p. 243-244), argillite and schiét
by Loughlin and Koschmann (1942, p. 7-8), and greenstone by Kalish
(1953, p. 6-8).

The argillite is the oldest rock in the area., It is intruded
by the Precambrian granite, which contains many inclusions of the argil-
lite., The intrusion of the granite appears to have had no alteration
effect on the argillite, The argillite generally strikes N. 45° E. and
dips #40-60° southeast. The contact of the argillite with the overlying
Mississippian limestone is a prominent angular unconformity that gener-
ally strikes north and dips 25° to 35° to the west.

Minor amounts of mica schist are included under the general
heading of argillite. Loughlin and Koschmann (1942, p. 8) state that
tﬁe récks become more schistose in the north end of the range. The in~
crease of schist to the north could reflect either a regional meta-
morphic zonation, a lateral stratigraphic facies change of the réck
before metamorphism, or a difference in stratigraphic or structural
levels exposaed in the north and central . portion of the range.

Lithology. The argillite is typicéllf light gray-green and
weathers te a buff or gray. It is fine grained gnd has a distinctive
siliceous appearance. Thin light~to-dark~-green bands generally less
than 1 cm. thick and rarely over 3 cm. thick are common in the argillite,
The argillite weathers into small, angular fragments that cover consid-
erable portions of the Precambrian terrain.

In thin section, the major minerals are quartz and sericite, and
minor amounts of chlorite, magnetite, and orthoclase, Subround grains

of quartz as large as 2 mm. in diameter are imbedded in a fine-grained
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guartz, sericite, and chlorite groundmass. Fine-grained laminae curve
around the coarser quartz grains, which are elongate parallel to the
bedding.

A pebble conglomerate in the argillite is exposed from place to
place in the study ar;a, and is well exposed in North Fork Canyon just
east of the contact with the Kelly Limestone in sec. 22, T. 3S5., R. 3.
(Fig. 4). Elongate pebbles, 1 cm. to 3 cm. in length, are parallel to

the bedding and are cemented in a fine-grained matrix.

Granite

Distribution and Occurrence. In the central Magdalena Mountains,

Precambrian granite crops out east of North Bal&y Peak in sec. 17, T. 3S.,
Re 3W. (Fig. 4) and covers a much smaller surface area than the argil-~
lite. The predominance of the argillite in the study area suggests

that the east slope of the range may not be entirely composed of granite
as speeulated by Loughlin and Koschmann (1942, p. 10), based on their |
study in the Magdalena mining distriet, and underscores the need for

more mapping in the northeast portion of the raﬂge.

The younger age of the granite relative to the argillite is
demonstrated by the intrusive relationship of the granite and the numer-
ous inclusions of argillite in the granite. Small dikes of granité éut
the argillite east of North Baldy Peak and are truncated at the basal
contact of the Kelly Limestone. These dikes are generally less than
10 cm, wide and commonly parallel the argillite layers.

Lithologzy. ~The Precambrian granite is characterized by its

e b

pink color and fine-to-medium-grained texture, Microscopic examination.
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shows microperthitic orthoclase and quartz to be the essential minera1§.
Micrographic intergrowth of gquartz and orthoclasé is common. The ortho-
elase is subhedral, fresh, .and ranges as long as & mﬁ. in length,
Oligeoeclase composes 1less than 5 percent of the rock, Green biotite 1s
a distinetive mineral that occurs as clusters with other minerals, in
veinlets, and interstital to guartz and feldspar. Magnetite is comménly

associated with the biotite., Apatite and zircon are minor constituents.

Paleoczoic Rocks

Rocks of Early and Middle Paleozoic age are not present in the
central Magdalena Mountains, The first record of deposition on the Pre~
cambrian surface is the Mississippian Kelly Limestone. The Pennsylvanian
Sandia Formation and Madera Limestone and -the Permian Abo Formation
constitute the remainder of thg Paleozoic section in the central

Magdalena Hountains.,

Mississippian Kelly Limestone

{ississippian strata in the Magdalena Mountains lie unconform-
ably upon a gently undulating surface of truncated Precambrian argillite
and granite (Fig. 6). The Mississippian limestone in céntral New Mexico
is considered by Kottlowski (1965) to be a thin remnant of the original
total section owing to erosion during Late Mississipplan time.

The Mississippian section in the Magdalena minihg district was
originally named the Graphic-Kelly Limestone by Herrick (1904) after the
two leading mines. Lindgren, and others (1910) renamed the Mississippian
the ¥elly Limestone after the tovm of Kelly. Armstrong (1958) divided

the Mississippian of west-central New Mexico, ineluding the Magdalena
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Precambrian argillite (FC) contact with the Mississippian.
Kelly Limestons (M) located east of North Baldy Peak.
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Fountains, into the Calosa Formation of Early Osag?an age and the Kelly
Limestone of Late Osagian age on the basis of the faun;l assemblage.,
The entire Mississippilan strata in the central Magdalena Mountains are
designated the Kelly Limestone since the stratigraphic section is too
thin to be subdivided on the scale of mapping (1" = 2,000') used in
this study.

Distribution and Occurrence. The Kelly Limestone unconformably

overlies the Precambrian from the crest of the range at lMorth Raldy Peak
southward acr;ss the Morth Fork Canyon fault zone, where it is displaced
2.5 miles to the east in Vater Canyon (Fig. &), A small outcrop of the
Kelly Limestone is exposed between the two parallel north and south faults
composing the transverse North Fork Canyon fault zone in sec. 21, T,
3S., R. 3. approximately % of a mile west of the El Tigre mine. The
Kelly Limestone crops out as steep eliffs along the crest of the range
because the uppermost portion of the 1iﬁestone is silicified. In the
Water Canyon district, south of the N. 80° W.-trending North Fork Canyon
fault zone, the Kelly Limestone does not crop out as resistant ridges
because of ils lack of silicification.,

The Kelly Limestone dips from 20°‘to 450 W., and varies in
strike from northwest to northeast owing to the folding of the strata
iﬁ the Vater Canyon a%ea. The resulting anticlines and synclines give
the Kelly Limestons a sinuous outerop pattern in tﬁe Hater Canyon dis-
trict. Vhere the dip is gentler, or the overlying rocks have been re-
moved, the width of the exposures of the Kelly Limestone broadens
considerably. The importance of the Kelly Limestone as the.major ore-

bearing horizon in the Magdalena mining district is reflected by the
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numerous prospect pits, which outline the exposures of the limestone
in the Water Canyon area., The southerrmmost exposure of the Kelly'
Limestone is at the Buckeye mine in sec. 27, T. 33., Re Fl., (Fig. b)
at the junction of Water Canyon and Copper Canyon at which place it is -
truncated by the Water Canyon fault zonevand is dropped into the sub-
surface on the east side of the faunlt.

Lithology. The Kelly Limestone is a light bluish-gray, medium-
to-goarse-grained crinoidal limestone, White to gray chert bands are . -
present, particularly towards the top of the formation. The thickness
varies from 80 to 100 feet, which is thinner than the 130 feet thickness
reported by Loughlin and Koschmann (1942) in the Magdalena mining dis-~
trict., Locally, at the base of the Kelly Limestone, a zong up to § feet
thick, contains‘quartz, feldspar and argillite fragments és long as 5 cnm,
embedded in a fine-grained caleite matrix, This basal zone is the equiv-~
alent of the Calosa Formation as described by Armstrong (1943).

Loughlin and Koschmann {1942, p. 14-16) were able to subdivide
the Kelly Liméstone into a lower and upper limestone by the “silver pips"
member, a bed of fine-grained, argillaceous dolomitie limestons, which
they describe as the most reliable marker horizon in the district., How-
ever, the "silver pips" member was recognized only in a2 few places in the

Water Canyon area and could not be used for mapping purposes,

Pennsylvanian Magdalena Group
The Pennsylvanian System is represented by the Magdalena Group,
which was named after the Magdalena Mountains by Gordon (1907). The

Magdalena Group rests unconformably upon the Mississippian Kélly
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Limestone and consists of the Sandia Formation and Madera Limestone.
The total thickness of the Pennsylvanian section in the central
Magdalena Mogntains is 2350 feet.

Sandia Formation., The Sandia Formation was originally named

by Herrick (1899) after the Sandia Mountains, Bernalillae County, New
Mexico. It is composed predominately of shale with lesser amounts of
limestone and quartzite, and forms the lower half of the Magdalena
Group, |

The total thickness of the Sandia Formation in the Water Canyon
area is 550 feet, which compares with the 600 feet ﬁeasured by Loughlin
and Koschmann (1942) in the Magdalena mining district. The Sandia
Formation appears to thicken very rapidly northward as evidenced by the
2300 feet of section repofted in Lindgren, é;d others (1910) at the
north end of the ¥agdalena mining district.

Loughlin and Koschmann (1942, p. 16-18) subdivided the Sandia
Formation into six members which, beginning with the oldest, are desig-.
nated lower quartzite, lower limestone, middle quartzite, shale, upper
limestone, and upper quartzite members. Hoﬁever, as noted by Loughlin
and Koschmann (1942), the members vary considerably in thickness and
some are lenticular and locally absent. The lower limestone, middle
quartzite, upper limestone, and upper éuartzite members are particulary
noted for their thinness or absence in parts of the Magdalena mining
district, In the central Magdalena Mountains, the division of the
Sandia Formation into six members was not possible., ﬁather, for mapping

purposes, the formation was divided into iwo members, a lower quartzite
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member containing minor amounts of shale and an upper shale member con-
taining minor amounts of limestone and quartzite,

The Sandia Formation is characterized by the abundance of shale;
medium~to-cearsely-crystalline limestone containing brachiopods, bryo- .
zoan, and algae; and the fine~to-medium-grain, cross-bedded, reddish-
brown quartzite. The highly variable lithology of the Sandia Formation
contrasts with the uniform fine-grained limestone of the Maderg Lime-
stone,

Lower guartzitie member; The lower gquartzite member persistently

overlies the Kelly Limestone in the central Magdalena Range. The con-
tact is structurally conformable, but does represent a hiatus from Late
Mississippian to Early Pennsylvanian time. Thickness of the lower
qﬁartzite menber varies frﬁm 100 to 150 feet: Charaoteris£ic features
of the lower quarizitie member include 2 fine-~to-medium-grain size,
round guartz grains, and cross-bedding. Reddish-brown, silty shale is
present locally, Fauna are lacking, but Lough}in and Koschmann (1942,
pe 17) describe some Pennsylvanian plant remains in the lower quartziie
member, |

Shale member; The shale member, which makes up the greater portion

of the Sandia Formation, is approximately 400 feet thick in the Water
Canyon area. The shale member inecludes the lower limestone, middle -
quartzite, shale, upper limestone, and upper guartzite members from
Loughlin and Koschmann's (1942) study of the Sandia Formation in the
Magdalena mining dis:rict., Shale is dominant throughout, but is loeally
interbedded with limestone and quartzite beds. The contact betwesen the

lower quartzite member and the shale member in some places is gradational,
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but the two members are commonly separated by a mottled, coarsely
erystalline limestons, 2 to 8 feet in thicknesé, with. abundant Productus
brachiopods and bryozoanse. .

The shale is a dark-gray to black fissile rock. It is carbona-
ceous, and contains several thin, interbedded, lenticular layers of
guartzite and limestone. The limestones are bluish-gray, medium-to-
coarsely crystalline and fossiliferous, containing brachipods, bryozoans,
and algae, The quartzites are brown to gray and fine grained,

Madera Limestone. The Madera Limestone overlies the Sandia

Formation in the central Magdalena Mountains. Gordon (1907) adopted the
name Madera Limestone for the dark-blue limestone conformably overly-
ing the shaly Sandia Formation in Socorro and Befnalillo counties,

The true thickness of the Madera iiﬁéstone in the Magdalena
mining district is difficult to estimate because of fanlting and re-
" moval of the upper portion by erosion. Loughlin.and Koschmann {1942)
estimated the Madera Limestone to be at least 600 feet and a maximum
of 1000 feet thick. Kottlowski (1963) considered that £he formation
inecluded strata only as.young as Missourian and predieteé the Madera
Limestone to be much thicker. Recent drilling approximately 1 mile west
of North Ealdy Peak penetrated an apparently unfaulted section of
Madera Limestone, 1800 feet thick., The outecrop of the Madera L:mestone
in the central Magdalena Mountains further support the 1800 foot thick-~
ness.

Distribution and occurrence; The lladera Limestone is exposed in

sec, 18 T. 38., R. 34W. as the continuation of the Paleozoic axXposures

sonthward from the Magdalena mining district (Fig. 7). North Ealdy Peak
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Viest dipping Pennsylvanian Sandia Formation (S) and Madera
Limestone (M) in North Fork Canyon.
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is ecapped by:a thin remnant of MNadera Limestone. The N, 80° W.~-trending
North Fork Canyon fault zone has displaced the Madera limestone east
into Water Canyon area where it is well exposed in North Fork Canyon
and Copper Canyon. An isolated horst block of Madera Limestone and
basad Spears-Formation of the Datil Grouﬁ is exposed in secs. 20 and
29, T. 35., B. 31, south of North Baldy Peak near the head of North
Fork Canyon. The uplifted block of Madera Limestone oceurs in a north-
trending outcrop of approximately 6500 feet in length and 300 to 600
feet in width. The liadera Limestone horst is a continuation 6f a north-
northwest-trending zone of uplifted blocks of Precambrian rocks, which
extend from the Hagdalera mining district into the central lMagdalena
Mountains., |

Lithology; The Madera Limestone is a'ﬁiueugray, fine-grained lime-
stone that contains black chert nodules. Fusilinids, brachiopods, and
solitary corals occur throughout the formation., A few thin beds of
white to greenish-gray quartzite are present near the base., The uppef
beds are mottled, shaley, and are stained reddish by the overlying Abo
Formation.

The lower 300 feet of the Hadera Limestone contain bluish-gray
shale and white to gray, medium~to-ccarse-grain quartzite beds very
similar to the Sandia Formation. The contact between the Sandia Forma-
tion and the Madera Limestone is gradational and is placed arbitrarily
upon the dominance and‘greater thickness of the fine-grained limestone
with a subsequent decrease in the shale and quartzite beds., The

remainder of the Madera Limestone is a very uniform, fine-grained micrite,
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Permian Abo Formation

Listribution and Occurrerce. The Abo Formation is the youngest

Paleozoic unit in the Magdalena Mountains and overlies the Madera Lime- -
stone with a slight angular unconformity. The only exposure of the Abo
Formation in the study area is at the head of Pattgrson Canyon, northw'
west of North Baldy Peak (Fig. 4). In the Water Canyon area, all the
Abo Formation was removed prior to the deposition of the Oiigocene Vol-
canics,

Lithoioav. The Abo Formation has a maximom thickness of 100 feet
at the head of Patterson Canyon. The formatien consists of dark-red,
fine-~to-coarse-grained sandstone and minor. amounts of interbedded red
sandy shale. Cross-bedding, ripple marks, and mud cracks are common.
Locally, limestones pebbles apparently derived from the underlying Madera
Limestone are in the basal beds of the Abo Formation. HNo fossils were
fbund, but Loughlin and Xoschmann (1942, p. 21) deseribe some Permian

plant fossils from the formation in the Magdalena mining district,

Cencozolc Rocks

Oligocene voleanic rocks were deposited in angular unconformity
on Paleozolc sedimentary rocks in the central Magdalena Mountains. Dikes
and stocks intruded the area following the cessation of velcanism,.
Sedimentary processes became dominant during Mlocene time with the de-~

position of the Popetosa Formation.

Tertiary Volcanic Rocks
Lava flows, ash flows, and volcanoclastic sedimentary rocks be-

longing to the Oligocene Datil Group cover the largest area in the
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central Magdalena Mountains., The voleanic rocks d;p 20°-25° southwest
to southeast from the Paleozoic-Precambrian core (Fig, &),

The Datil period of volcanism lasted from 37.1 m.y. to 30.5 m.y.
as determined by age dating by various workers {Burke and others, 1963;
Smith and others, in press; Weber, 1971). The combined thickness of the
volcanic rocks in the central Magdalena Mountains is a maximum of
12,000 feet and on the average dips 100*150 less than ﬁhe subjacent
Paleozoic sedimentary rocks. Figure 8 is a generalized composite strat-
igraphic column of the Tertiary sequence in the central Hagdalena Moun-
tains.

The need to define the stratigraphic sequence of.the Datil
Group has existed since Winchester (1920) first named the Datil Forma-
tion as interbedded volecanics and sedimenéai} rocks outeropping in the
Datil Mountains, 36 miles west of Magdalena. Loughlin and Koschmann's
(1942) interpretation of the volecanic sequence in the Magdalena mining
district was hampered by the complex structure and alteration in the
area, making any correlation of their work in this study difficult,

Tonking (1957) who studied the Puertecité quadrangle, 15 miles
north of Magdalena, divided the Datil Formation inte three memberss ii
ascending order, the Spears Member, the Hells Mesa Member, and the La
dara Peak Member. Veber (1971, p. 35) recognized the complexity of the
Datil and raised it to group status and the Spears, Hells Mesa and the
La Jara Peak Members were elevated to formational status. The La Jara
Peak Formatiom has since begn shown to be a post-Datil event based on
structural evidence (Chapin, and others, in preparation) and a K-Ar date

of 23.8 m.y. {Chapin 1971-2).
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A sﬁudy by Erown (1972) of the voleanic rocks in the southern
Bear Mountains, 3 miles north of Magdalena, permit£ed the subdivision
of Datil Group into 13 sepgrate units totaling approximately 4000 feet
in thickness. Figure 9 is a correlation chart of equivalent units de-~
seribed by Brown (1972) north of the Mag&alen; mining district,
Loughlin and Koschmann's {1942) effusive sequence in the Magdalena
mining district, and the units used in the present study from the cen~
tral Magdalena Range.

Spears Formation., The deposition of Spears Formation, the

lowermost unit of the Datil Group, represent the beginning of volcanic
activity in the Magdalena area in Early Oligocene time, Burke and
others (1963) obtained a 37.1 m.y. K-Ar date on biotite in a latite
tuff breceia in the Joyita Hills, 30 miles east of the Lemitar Mouﬁ-
tains., The Spears Formation is considered by Chapin, and others, (in
preparation) to be stratigraphically equivalent to theAlafite—tuff
breceia in the Joyita Hills based on lithologic and stratigraphic -
similarity.

The Spears Formation unconformably overlies the Madera Limestone
in the central Magdalena Mouﬁtains. AOnly locally at the head of
Patterson Canyon does the Spears Formation overlie the Abo Formation.

The Spears Formation is composed of volcanoclastic sedimentary
rocks, volecanic ash flows, and lava flows., It can be divided into 3
mappable members, The middle member, which is a distinctive porphyritic
lava flow or "turkey track" porphyry, separates the otherwise monotonous-
1y thick sequence of epiclastic rocks. The tuff of Nipple Mountain,

which is a member of the Spears Formation exposed in the southern Bear
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Mountains (Bfown, 1972), is not present in the central Magdalena Houn-
tains. BErown (1972) reports that the Spears Forma£ion is of variable
lithology, from dominantly‘fineugrained fluvial rocks at Hells Mesa, in
the Bear Mountains, to a thiek section of lava flows and ash flow tuffs
overlying relatively thin volcanic conglomerates in the southern Bear
Mountains. These lithologic variations are alsc present in the central
Magdalena Mountains. In North Fork Canyon, the Spears Formation consists
of 3500 feet of conglomerate, sandstone, lava flows and latitic ash
flows. Further to the south, the latitic ash flows decrease in thick-
ness, but still overlie a thick volcancclastic section.

Lower member; The lower member of the Spears Formation consists of

volcanic siltstone, sandstone, and conglomerate as much as 1200 feet in.
thickness. The lower member contains no ash or lava flows and is the
equivalent of Loughlin and Koschmann's (1942) Purple Andesite in the
Magdalena mining district (Fig. 9).

Field exposures of the lower Spears Formation reveal a monoto~
nous sequence of well-indurated, volcanoclastic sedimentary rocks con-
taining no marker horizons that can be used for correlation purpoées or
stratigraphic position. Attitude determinations can be taken only from
the finer-grained layers. The color varies from a grayish-purple in the
rocks of Patterson Canyon on the northwest to a greenish-gray in the
rocks of North Fork Canyon and Copper Canyon. Grayish-purple is the most
common color and represents the fresh, generally more conglomeratic
portion of the lower Spears Formation. The greenishw-gray color is due

to replacement of the ferromagnesian minerals to chlorite and epidote.
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Conglomerate predominates in the sequence and contains unsorted
and subrounded porphyritic latitic to andesitic clasts averaging 10 cm.
in length (Fig. 10). The phenocrysts in the clasts uniformly consist
of chalky white to gray feldspar and dark-green hornblende in a sili~
ceous, aphanitic groundmass. Subrounded fragments ofvthe distinetively
red.Abo Formation and Madera Limestone as long gg/l meter are common in
the basal portion. Imbrication directions’téken from clasts of Abo
Formation within the unit indicate a direction of transport from the
southwest.

Viewed microscopically, the clasts are similar mineralogically
and consist of as much as 40 percent plagloclase, sanidine, and horn-
blende phenocrysts. The crystals are as long as 1.5 mm. and are sub-
hedral to euhedral. The groundmass is a fi;e-graiﬁed aggregate of
feldspa?, hornblende, biotite, guartz, apatite and magnetite.

Middle member; The middle member of the Spears Formation is a

blue~gray to reddish-gray vesicular, "turkey track" porphyry, andesite
flow: The middle Spears Formation overlies the volcanoclastic lower
Spears Formation throughout the central Magdalena Mountains. The ex- |
trusion of the andesite flows represents the oldest Cenozoic voleanism
in the Magdalena area.

The middle Spears Formation is mapped separately because of its
distinetiveness, its maximum 500 feet thicknessz, and its usefulness zas a2
marker horizon in separating the lower and upper Spears Formation. Only
one "turkey track” porphyry occurs within the Spears Formation in the
central Magdalena Mountains, separating the volecanoclastics of the lower

Spears Formation from the volcanoclastic and latitic ash flows of the
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Lower Spears Formation containing clasts of Abo Formation
(A) Paleozoic limestone (L) and porphyritic andesite (PA).
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upper Spears‘Formation. A "turkey track" andesite flow within the Spears
Formation is also exposed in the Eear Mountains (Brown, 1972; Tonking,
1957) and is equivalent to the middle member. Similar flows have been
described in southeastern Arizona by Cooper (1961) who suggested that
the "turkey track™ porphyry be used as a guide for the correlation éf
Miocene rocks.

Viewed microscopically, the‘andeéite flow is characterized by
abundant enhedral phenocrysts of plagioclase (An55)'as long as 10 mm. in
diameter in a fine-grained felty groundmass of plagloclase and magnetite
(Fig. 11). The plagioclase commonly shows clay alteration. Calcite,
epidote, chlorite, and silica are present in altered zones adjacent to
faults or intrusions. The vesicles commonly are filled with secondary
caleite or silica. Magnetite oxidized to hematite gives the character-
istic reddish stain to the rock.

Upper merber; A sequence of interbedded conglomeratiec mud flows and

latitic ash flows overlies the andesite flows of the middle Spears For-
mation and is in angular unconformiiy with the overlying Hells lMesa
Formation. The lithology of the upper Spears Formation varies along its
strike. South of North Baldy Peak, the upper Spears Formation is com~
posed of volcanoclastics and some latitic ash flows: Further to the
scuth in Baldy Canyon, the iatitic ash flows dominate over the volcano-
clastics and some latitic ash flows. Latitic ash flows become more dom-
inant higher in the stratigraphic section of the upper Spears Formation
in the central Magdalena Mountains., |

The apparent thickness of the upper Spears Formation és measured

from the geologic map and cross sections (Fig. 4) also varies



Figure 11, Photomicrograph of a porphyritic andesite from the middle
Spears Formation.-~Plagioclase (P) phenocrysts and
caleite (C) filled vesicles in a fine-grained, -iron-

stained, groundmass of feldspar and magnetite. Crossed
nicols, X 3.
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considerable. At North Baldy Peak the upper member is at a maximum
thickness of 1700 feet, but thins rapidly to a more consistent 700 feet
southward.

The conglomeratic mud flows are best exposed in the southernmogt
exposuress of the upper Spears Formation in secs, 33 and 34, T. 35., R,
3W. They are very similar to the conglomerates of the lowe? Spears
Formation, being purple-gray, and containing subrounded eclusts of the
underlying andesite flows as well as latitic ash flows. The clasts
range from 1 cm. to 12 cm. and locally as long as 1 meter in length.

The conglomerate exhibits neither sorting nor stratification.

The latitic ash flows are compact, welded, crystal and lithie~
rich tuffs, The ash flows are characterized by an overall grayish- ‘
brown color, chalky white feldspars, and red~brown to grayish-red,
subrounded lithic fragments. The tuffs contain few pumice fragments.
Quartz crystals generally are absent, But become inereasingly more
common towards the top of the section though never exceeding 3 percent
by volume of the rock.

Petrographically, feldspar and hornblende phenocrysté, compos-
ing as much as 40 percent of the ash flow in the upper Spears Formation,
are in an aphanitic, argillized matrix (Fig. 12). Plagioclase, varying
from AnBO to An36, dominates over sanidine, Hornblende ranges to as much
ags 5 percent and has been replaced by magnetite. The feldspars are sub-
hedral to eunhedral, and range in size from 0.2 mm. to 2 mm. but average
0.5-mm. The groundmasslis glassy, with litt1e¥devitrification, and
shows a general alteration to clay or calecite. Flow banding is ex-

hibited by the phenocrysts and the groundmass. Accessory minerals



Figure 12,

Photomicrograph of a latite from the upper Spears Forma-
tion.~~Flagioclase (P}, sanidine (S) and hornblende (H) -
crystals in a glassy matrix. Crossed niecols, X 3.
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include biotite, quart;, apatite, and clinopyroxene. The latitic lithic
fragments, which are generally less than 3 cm. iﬁ length, contain crys-
tals of plagioclase, less than 0.1 mm. long in a fine-grained, siliceous
matrix,

The contact of the upper Spears Formation with the overlying
Hells Mesa Formation can be easily placed on the basis of contrasts in
color and lithology between the two formations and increase in the steep-
ness of the slope, which is underlain by Hells Mesa Férmation. Brown
(1972, p. 17) reported that a distinctive hematite-stained conglomerate
provides a useful marker bed at the top of the Spears in the southern
Bear Mountains. This conglomerate is not present in the central
Magdalena Mountains. A 0.5 meter thick regolith, developed at the top
of the Spears Formétion, is present only in“;he‘south portion of the
study area and represents subaerial weathering before deposition of the
Hells Mesa Formation. The actual contact in many places is obscured
owing to the mantling by debris from the Hells Mesa Formation.

Hells Mesa Formation. The Hells Mesa Formation of the Datil

Group is a thick sequence of quarts latite ash flow tuffs. Burke and
others, (1963) obtained a K-Ar date from biotite of 32.4 m.y. from a
sample taken from the basal portion of the Hells Mesa Formation exposed
in Joyita Hills northeast of the Magdalena Mountains. Tonking (1957,

pe 29-30, 56) originally named the Hells Mesa a member of the Datil
Formation after a conspicuous landform at the eastern edge of Bear Moun-
tain (secs. 7 and 26, T. IN., R. 8.). Weber (1971) reised the Datil to
group status making the Hells Mesa a formation. The Hells Mesa Forma-

tion was mistakenly identified, by Loughlin and Koschmann (1942,



38
Do 33-35) in the Magdalena mining district and Kalish (1953, p. 26-27)
in the Water Canyon area, as a rhyolite porphyry sill (Fig. 9). Erowm
(1972, p. 18-50) divided the Hells Mesa Formation into 7 members in the
southern Bear Mountains (Fig. 9). Regional mapping in the Magdalena
district (Chapin, and others, in preparation) resulted in redefining
Brown's (1972) Eells Mesa Formation. In this study the Hells Mesa
Formatisén is the eguivalent of Erown's (1972, p. 19-30) lowest member
of the Hells Mesa Formation, the tuff of Goat Spring (Fig. 9), on.
the basis of continuous exposure from the Bear Mountains to the Magda-
lena Mountains.

The Hells Mesa Formation covers a surface afea-greater than 10
square miles in the central Magdalena Mountains. The formation is ex-
pésed in a wide crescent éhaped pattern begiﬁning near Norfh Baldy Peak,
southeast to South Canyon, and then northeast to the western slopes of
Water Canyon Mesa east of the Vater Canyon campsround (Fig. 4). It forms
steep, talus-mantled slopes in the higher elevations and makes up the
crest of the range for over 3 miles between North Baldy Peak and South
Baldy Peak. Distinetive white ¢liffs near North Baldy Peak and a pro-
nownced nearly vertical, fault escarpment on the east side of Water
Canyon are composed of the Hells ¥Mesa Formation.

The Hells lMesa Formation is a multiple flow, simple cooling unit
of ecrystal-rich, quartz latite tuff. The formation is distinguished by
its gray color, pink sanidine, white plagioclase and round guartz eyes
embedded in a microgranular groundmass. Weathered cavities as long as
1 foot in the poorly welded,ﬂypper portions of the Hells Mesa Formation

along the crest of the range in sec., 30, T. 38., R. 3. give the rock
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a pitted texture. As much as 2 parcent of the rock is made"up of lithic
fragments. The rock weathers into angular, blocky boulders, forming ex-
tensive talus slopes. Slopes developed on the Hells Mesa Formation are
steeper than those developed on the underlying Spears Formation,

The thickness of the Hells Mesa Formation varles considerably
within a short distance., At the northermmost exposure west of North
Baldy Peak the formation is approximately 200 feet thick. However, 3
miles south of HNerth Baldy Peak in Copper Canyon and Mill Canyon, the
formation is 3850 feet thick. The later figure is a maximum thickness
that may include repetition of the strata by unrecognized normal faunlte
ing.

The Hells Mesa Formation is a densely welded, gray tuff every-
where in the central Magdélena Mountains excépt west and southwest of
North Baldy Peak. The formation is white and poorly welded to the west
and southwest of North Baldy Peak, becoming grayer and densely wélded
farther to the south.

Thin volcanoclastic conglomerates and minor “turkey track®
porphyry andesiie flows are interbedded with the Hells Mesa Formation ash
flow tuffs in an area between North Ealdy Peak and 2.5 miles south of
North Baldy Peak. The epiclastic sedimentary rocks contain fragments
very similar to the Spears Formation and the andesite flows resemble the
middle member of the Spears Formation. They appear to be restricted to
the upper portion of the Hells Mesa Formation and are Llimited in aerial
extent from North Baldy Peak to the north side of Copper Canyon and Mill

Canyon (Fig. 4}.
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Furfhermore, the Bells Mesa Formation overlies the lower member
of the Spears Formation west of North Ealdy Peak‘ip sece 18, T+ 35., Rs
3W. on the upthrown side of the X, 80° W;-trending Korth Fork Canyon
fault zone (Fig. 4). There is no middle ;r upper Spears Formation
underiying the Hells lMesa Formation on the north side of the North Fork
Canyon fault zone. On the downthrown side of the North Fork Canyon
fault zone, the Hells lesa Formation overlies ihe upper Spears Formation.

Because of the lack of pumice, lithiec fragments, megascopic
foliation, attitudes on the Hells Mesa Formation are diffienlt to obtain.
The blocky, debris-mantled slopes of the Hells Mesa Formation make it
difficult to find outerops. Attitudes are determinable where lithie
fragments are more abundant or the rock is poorly welded.

The attitudes obtained indicate that an angnlar unconformity
exists beiween the upper Spears Formation and the Hells Mesa Formation.
The disparity in dip is very pronounced south of North Baldy Peak in sec,
20, T« 3S., Re 3/, where the upper Spears Formation dips as much as 490
west while the Hells Mesa Formation only dips 10° west (Fig. 4). The
formations approach structﬁral conformity farther to the south as the
disparity in dips becomes less.

Viewed microscopically the quartz latite of the Helis Mesa For-
mation is distinetly porphyritic, phenocerysts making up from 20 to 50
percent of the rock (Fig. 13). Phenocrysts of sanidine, plagioclase,
quartz, and minor hornblende are commonly broken and show partial re-
sorption along their edges. The crystals range in size from 3 nm. éo
less than 0.1 mm. The groundmass has devitrified to mﬁerogranular

cristobalite, glass, and feldspar.



Figure 13.

Fhotomicrograph of a quartz latite from the Hells Mesa
Formation,--Plagioclase (P), sanidine (S), and quartz
(Q) ecrystals in fine-grained groundmass of cristobalite,
glass, and feldspar. Crossed nicols, X 3.
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Sanidine is the most abundant feldspar and. varies from 10 to
30 percent of the rock. The sanidine is subhedral to euhedral, varies
from 2 mm. to 0.1 mm. and averages aronnd 1 mm., in size., The sanidine
generally is fresh, but locally shows clay or hematite alteration. In
the more intensely altered zones, sanidine is‘replaced by calecite, and
more rarely by chlorite or epidote, Many of the grains appéar to ha%e
been broken and partly resorbed during emplacement of the ash flow sheet.

Plagioclase phenocrystis make up from 5 to 20 percent of the
rock., The plagioclase is subhedral to euhedral, but is slightly
smaller in size than the sanidine, ranging from 0.1l mm to l.5 wmm., with
an average of 0.8 mm. The plagioclase is andesine, An32 to An36. The
grains show incipient to almost total replacement by clay and sericite,
Calecite, chlorite, or epidote replacement of the plagioclase occurs
generally near fault zones or intrusive bodies. The plagioclase pheno-~
erysts are also broken or resorbed, but not o the same degree as the
sanidine grains.

Quartz comﬁoses from 5 to 15 percent of the rock. The rounded
grains are as much as 3 mm. in size averaging around 1.2 mm., which is
slightly greater than the feldspars. Quartz is fresh and shows rare
breakage, as demonstrated by cavities and holes that are filled with
cristobalite and glass.

The ferromagnesian minerals, represented b& hornblende and
biotite, never comprise more than 2 percent of the rock. The blotite is
fine grained and subhedral., The hornblende is euhedral and as much as

1 mm. in length, Alteration to chlorite, magnetite, and, less commonly,
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calcite is present in most grains. The minor accessories are magnetite,
apatite, and zircon.

Lithic fragments in the Hells Mesa Formation are light brown
pieces of porphyry less than 4 cm. long. Alteration in the form of
chlorite, calcite and clay give the fragments a greenish color,

The groundmass, which is generally highly argillized, of the
quartz latite is commonly devitrified ito cristobalite and fel&épar.

Flow banding of the groundmass around the phenocrysts is only slightly
developed and can only be observed microscopically.

Volcanoclastic sedimentary rocks interbedded in the upper portion
of Hells Mesa Fermation are restricted to within a 2.5 mile area south
and southeast of North Paldy Peak. At North Baldy Peak the sedimentary
rocks are approximately 36 feet thick, and Eécome progressively thinner
to the south. The boulder-size clasts at North Baldy Peak grade to sand-
size clasts at the southern limit of exposure in sec. 31, T. 3S., R. 3W.

Sixmile Canyon Andesite. The Sixmile Canyon andesite is a thick

sequence of blue~gray, amygdaloidal, porphyritic andesite flows with
local, interbedded sedimentary rocks near the-base. The Sixmile Canyon
andesite is the equivalent of Brown's (1972, p. 46-47) porphyritic andes-
ite flows., The ﬁlagioclase phenocrysts average 0.8 mm, in length, which
is slightly smaller than the average of the plagioclase phenoecrysts in
the middle Spears Formation. Volcanoclastic conglomerate and mud flow
breccia at the base of the Sixmile Canyon andesite are a heterolithic
compesite of quartz latite, latite and andesite fragments with no obvious
sorting or bedding. They are exposed only in South Canyon northwest of

Buck Peak.
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An isolated outerop of finely laminated limestoné is exposed “
east of Timber Peak in sec. 9, T. 45., R. 3. The stratigraphic
position of the limestone is difficult to determine because of the talus
and plant coverage, but it appears to be interbeddea with the andesites.
The limestone outcrop is small, covers an area of 50 feet by 15 feet,
and is not exposed anywhere else in the study area, In thin section,
the limestone contains laminae of subround quartz grains less than
0.1 mm, in lengfh interbedded with wicritic limestone. No fossils or
organic material are present.

A thin section of typical andesite reveals pheﬂocrysts of pla-
gioclase composing as much as 60 percent of the rock, embedded in a
felty, fine-grained matrix of plagioclase with lesser amounts of pyrox-—
ene and magnetite (Fig. 14). The ecuhedral ﬁlagioclase phenocrysts are
labradorite (AnS?), which are as much as 3 mm. in length but average
0.8 mm, The grains have undergone alteration to.clay, sericite, and
calcite. The pyroxene is as much as 2 mm. in size, averaging 0.5 mm,,
and is altered to magnetite, chlorite, and célciﬁe.

- Sawmill Canyon Formation. The Sawmill Canyon formation is a

multiple flow, compound cooling unit consisting of crystal-poor,
rhyolitic ash flow tuffs interbedded with- andesite flows and a kasal
voleanoclastic sandstone, The unit crops out in a discontinuous btand
on the western and southern flanks of the study area from west of Xorth
Ealdy Peak, south to Sawmill Canyon and east to Sixmile Canyon (Fig. 4).
It cverlies the Hells Mesa Formation to the north and the Sizxmile Canyon

ande-iie to the south., The Sawmill Canyon formation is lithologically



Figure 14,

Photomicrograph of an andesite from the Sixmile Canyon
andesite.~--Plagioclase (P) crystals in a fine-grained
groundmass of feldspar, magnetite and pyroxene.
Crossed nicols, X 3. ’
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similar to the tuffs of EBezr Springs and the tuff of Allen Well in
the southern Bear Mountains (Brown, 1972, p. 31-49).

Deal and Rhodes (in press) describe a 2100 foot thick section
of rhyolitic ash flows in the A. L. Peak area of the northern San Mateo
Mountains that they consider to be the souwrce aresa for at least part of
the A, L. Peak Formation. The Sawmil) Canyon formation in the ceniral
Magdalena Mountains is a sequence of gray, crystal-poor ash flow tuffs
that are lithologically and stratigraphically similar to the A. L. Peak
Formation exposed in the San Mateo Mountains. Exposures.from the San
Mateo Mountains to the Magdalena Mountalins are not continuous due to
. Late Cenozoic block faulting, downdropping the Mulligan Guleh area (Fig.
2), and subsequent co§er of the volcanic rocks by Quaternary sediments,
Fission track dates from sphenes (Smith andhéthers, in press) place the
age of the A, L. Peak Formation from the San Mateo Mountains at 31.8
meys ¥ 1.7 m.y. Age dating of the Sawmill Canyon formation from the
Magdaléna Mountains will be necessary in order to definitely correlate
with the A. L. Peak Formation of the San Mateo Mountains. Therefore,
the Sawmill Canyon formation in the central Kagdalena Mountains is
tentatively correlated with the A, L. Peak Formation of the San Mateo
Mountains until their equivalency can be established.,

The Sawmill Canyon formation is poorly exposed in the central
Magdalena Mountains with -the best outcrops occurring on the ridge be-
tween Hop Canyon and Patterson Canyon, west of North Baldy Peak in sec.
18, T. 3S., R. 3W. The thickness of the Sawmill Canyon formation in the

central Magdalena Range is from B0O to 1200 feet, The unit thickens
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considerably in Sawmill Canyon and at the head of Ryan Hill Canyon,
south of the study area, | |

The Sawmill Canyon'formatién west of North Baldy Peak in sec.

’ Jadic se dumeatary
18, T+ 3%5., R. 3. contains 125 feet of dark-gray vélcanfdh?ocks that
were at least partly derived from the'underlying Hells Mesa Formation.
The sand-size fragments of quartz, lithic fragménts, and feldspar are
well bedded and show cross~bedding and graded bedding.A Minor channeling
into the Hells Mesa Formation suggests a fluvial origin., In Sixmile
Canyon west of Buck Peak (Fig. 3), similar sedimentary rocks are also
at the base of the Sawmill Canyon formation overlying the Si>mile Canyon ‘
andesite. The sandstone contains gquartz, feldspar, and a variety of
lithic fragments embedded in a fine-grain{_%?on—stained, quartz~rich
matrix,

Fine-grained andesite flows, 50 feet thick, overlie the
volcanoclastic rocks in sec, 18, T. 3S., R. 3¥, Samples of the andesite
flows contain phenccrysts of plagiqclase as much as 1 em. in length in
s matrix of fine-grained plagioclase, pyroxene, and magnetite. Minor
silica veinlets cut the andesite. The andesite flow is overlain by a
erystal-poor, guartz-poor, highly foliated ash flow that is 200 to
500 feet thick. The ash flow is gray and is moderately to densely
welded with flattened pumice that gives the rock é strong foliation
pattern (Fig. 15). Total crystal content is less than 10 percent. The
phenoerysts are euhedral sanidine less than 2 mme in length with minor
amounts of quartz or plagioclase. Lineation due to the elongation of
pumice or flow folds around phenocrysts or pumice fragments is well

developed. The rock weathers to gruss.



Figure 15,

Photomicrograph of a rhyolite from the Sawmill Canyon
formation.--Sanidine (S) crystals in a fine-grained,
highly foliated groundmass. Crossed nicols, X 3.
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A dark-gray, fine-graiped to prophyritic andesite flow gnit,
LO0 to 600 feet thick, overlies the ash flows., The aphanitic flows are
compact with an azbundance of small, red hematitizgd phenoerysts of
pyroxene. The porphyritic flows are vesicular ané contain up to 50 per-
cent plagioclase phenocrysts as long as 3 mm. The uppermost ash flow
unit of the Sawmill Canyon Formation is a foliated rhyolite containing
as much as 15 percent crystals of gquartz, sanidine, plagioclase and
biotite. Limited exposures and weathering of the ash flow to nearly
vertical cliffs make any detaliled study difficult.

South Baldy Peak Andesite. The South Baldy Peak andesite con-~

sists predominateiy of vesicular, fine-grained andesite flows, and minor
interbedded ash flows and epiclastic sediments. The unit crops out at
South Ealdy Peak, the highest peak in thevﬁégdalena Range. The expo-
sures are restricted to the southwestern portion of the study area, in
Sawmill banyon, where talus slopes and complex faulting make any inter—
pretation of the stratigraphy difficult. The thickness of the South
Baldy Peak andesite may be a maximum pf 1500 feet. This thickness,
however, could represent an exaggerated thickness because of normal
fanlting in the Sawmill Canyon area. The stratigraphic.position of the
South Ealdy Peak andesite can be seen south of Langmuir Laboratory, at
vhich place it overlies the Sawmill Canyon formation. At the northern
limit of exposure iﬁ Baldy Canyon the andesite flows are in fault contact
with the Hells lesa Formation. The Timber Peak rhyoli£e overlies the
South Baldy Peak andesite. .
The aphanitic, dark-gray andesite flows are best exposed at

South Baldy Peak and on the slopes west of Timber Peak. The andesites
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contain vesicles, which commonly are filled with calecite or quariz.
Fhenoerysts of plapioclase erystals, and pyroxenes converted to hematite,
are present, but they are rare.

Isolated exposures of ash flows and sandstone interbedded with
andesite crop out south and east of Langmuir Laboratory in Sawmill Canyon.
Large talus cones derived primarily from the overlying Timber Peak
rhyolite prevent the lateral correlation or determination of strati-
graphic position of the ash flows and sandstone within the South Ealdy
Feak andesite.

The sandstone of the South Baldy Peak andesite is white to pink,
well bedded, ranges from 2 to 12 em. thick and is resistant to weather-
ing. Angular to rounded sand-size grains ranging from 0,02 mm. to 4 mm.
in length comprise the sandstone. Quartz is generally the major con-
stituent, but lesser amounts of feldspar and light-colored, fine-grained
rock fragments are also present,

Ash flows are less common than the sandstone with which they are
interbedded. The ash flows are reddish-brown to gray and contain
phenoerysts of feldspar, quartz and biotite in a microgranular dense
groundmass. A prominent foliation pattern is developed by the aligrment
of flattened pumice and lithie frapments.

In thin section, the andesite consists of irregular interwoven
microlites of plagiocclase (Fig. 16). Euhedral plapioclase rarely
reaches 0,5 mm. in length, averagingz approximately 0.2 mm. Magnetite

varying as much as 10 percent of the rock is present interstitially and

as alteration products of pyroxene, The vesicles are commonly filled

with calcite, chlorite or quartsz.



Figure 16. Photomicrograph of an andesite from the South Baldy Peak
andesite.~~Fine-grained plagioclase, pyroxene, and magnetite
and calcite~filled (C) vesicle. Crossed nicols, X 3.
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Timber Peak Rhyolite. The Timber Peak rhyolite represents the

youngest volcanic rock in the study area. It caps the highest elevations
in the central Magdalena Raﬁge, and forms a crescent shaped outcrop
pattern beginning at the ridge 1 mile west of North Baldy Peak, south
1o Langnmuir Laboratory, eas£ to Timber!Peak and Buck Peak, and north to
Water Canyon Mesa (Fig. 4, in pocket). The unit overlies the Sawmill
Canyon formation to the north in ﬁop Canyon and thg South Baldy Peak
-andesite tp the south at Langmuir Labofatofy. The FPopotosa Formation
unconformably overlies the Timber Peak rhyolite at Water Canyon Mesa
and near Langmulr Laboratory,. ‘

The Timber Peak rhyolite is tentatively correlated with the
Potato Canyon Formation exposed in the San Mateo Mountains (Deal and
Rﬁodes, in press).based oﬁ lithologic simila;ity and strafigraphic
position. Late Cenozoic block faulting and cover by Quaternary sedi-
ments prevent direct correlation by continuous cuterops between-the

San Mateo Range and the Magdalena Mountains. An age date of 30.3 m.y.

# 1.6 m.y. by fission track from sphenes has been cbtained from the
Potato Canyon Formation in the San Mateo Mountains {Deal and, Rhodes,
in press), but no dating has been done on the Timber Peak rhyolite in
the Magdalena Mounteins,

The Timber Peak nhyolife in the central Magdalena Mountains is
a multiple flow sequence of compactly welded rhyolitic ash flows. The
rock is charzcteriszed by its grayish-red-purple color, "moonsitone”
sanidine, bronze-colored biotite, and foliation., The foliation is the
result of bands of light-colored, coarse-grained mixtures of cristo-

balite and feldspar surrounded by finer-grained, reddish-purple layers
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of glass., Tﬁe formation varies from a crystal-poor to crystal-rich tuff
with quartz, sanidine, and biotite being the most ;ommon phenocrysis.
Fine-grained andesite flows locally interfinger with the tuff at the
northwest limit of exposure of the Timber Peak rhyclite in sec., 18, T.
3N+, Rs 3¢s The total thickness of the Timber Peak rhyolite in the

central Magdalena Mountains is as much as 650 feet and may be consider~

1
ably thicker in the Water Canyon liesa area,

Viewed microscopically, the Timber Peak rhyolite is composed
primarily of a cristobalite and sanidine matrix and 20 to 40 percent
phenocrysts (Fig. 17). Sanidine and quartz are the dominant crystals
and compose as much as 38 percent of the rock with biotite and traces of
plagioclase making up the remainder of the phenpcrysts. The phenccrysts
range in size from less than 0.1 mm. to l.S'ﬁm. and average approxi-
mately 0.8 mm. The crystals are subrounded and broken. Lithic frag-
ments are rare, but consist of rocks coﬁposed of intergrowths of cristo-
balite and feldspar. Some of the sanidine exhibits a perthitic texture
and locally forms spherulites. Inclusions of South Baldy Peak andesite
are present locally near the base of the unit. Biotite is in various
stages of alteration to magnetite. The feldspars as a whole are fresh,
but locally are altered to c¢lay and minor sericite. Excellent flow
banding is displayed by the bands of hematized glassy zones alternating

with light colored, coarser-grained zones of cristobalite and feldspar.

Tertiary Intrusive Rocks
The oldest Tertiary intrusive rock is a voleanic neck, which

intruded the Hells Mesa Formation during Oligocene time., Following the

e



Figure 17, Fhotomicrograph of a rhyolite from the Timber Peak
rhyolite.~~Individual flow bands consisting mainly of
sanidine (S) and quartz (Q) are distinguished by the’
presence or absence of hematized groundmass. Crossed
nicols, X 3.
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emplacement of the Timber Peak rhyolite, the youngest unit in the
Datil Group, the Magdalena area underwent a period of extensional fault-
ing along a north-northwest trending structural zone.' Stocks and dikes
intruded the north-northwest-trending fault zone during Late Oligocene
in the central Hagdélena Mountains as well as in the Magdalena mining
district. The stocks are monzonite to granite in composition and have
been dated as ranging from 28 to 30.5 m.y. in age (Weber, 1971). The
dike rocks can be classified into three major types, which in order of
decreasing age are: 1) mafic 2) latite-monzonite, and 3) white
rhyolite. The aplite dikes reported by Loughlin and Koschmann (1942,
ps 40} in the Magdalena miniﬁg district were not found in the central
Magdalena Mountains.,

Dikes are spatially associated with_ stocks in the Magdalena
Mountains. The mafic dikes in the Magdalena mining district are con-
centrated within 1 mile of the exposed stocks (Chapin, personal commu-
nication). The latite-monzonite dikes/stock association is best
illustrated in the central MHagdalena Mountains where the dikes are
abundant adjacent to the Water Canyon stock (Fig. 4). Vhite rhyolite
dikes are restricted to the Nitt and Anchor Canyon stocks in the B
Magdalena mining district((Loughlin and Koschmann, 1942, Plate 2), and
die out beyond the southern limits of the exposed stocks.

Volcanic Keck. A topographically prominent rhyolitie volcanie

neck crops out in sec, 33, T. 3N., R. 3. (Fig. 4). The volcanic neck
intrudes and extends 90 feet above the exposed surface of the Hells
Mesa Formation. The rhyclite is compossed of guartz phenocrysts in a

fine-grained, highly foliated matrix. Excellent columnar jointing is
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exhibited by the volcanic neck and outward-dipping attitudes of-the
foliation are present near the base changing to nearly vertical dips
at the top. The neck is crudely cylindrical and has a maximum diameter
of 900 feet., No radial dikes are associated with the volcanic neck.

An age of Middle Oligocene or younger is suggested by cross—
cutting relationships and possible Hells Mesa Formation inclusions in
the volcanic neck. Gray to black fine-grained volcanic fragments are
present. The volcanic fragments are as long as 3 cm., subrounded, and
are most common near the base of the volcanic neck, becoming rare to-
wards the top. The aligmnment of the more elongate fragments provides
the rock with a flow structure. The intruded Hells Mesa Fofmation
shows very little disruption, distortion or compaction. Ho thermal
effects were noticed surrdunding the neck.

Eggig_gigég. Fine-grained mafic dikes in the central Magdalena
Mountains were intruded along a north-northwest-trending fault zone
before and after the emplacement of the Late Oligocene gtocks. The
ﬁafic dikes are equivalent in composition to the lamprophyre dikes in
the Magdalena mining distriet (Loughlin and Koschmann,.l942, p. 43},
where the dikes are most abundant within and near exposed stocks.

The mafic dikes are most common within a 1 mile radius of the
exposed stocks in the Magdalena mining district. The area of most
abundant mafic dikes in the central }agdalena Mountains is in sec. 21,
T. 35., K. 3w.b(Fig. 4} on the north side of North Fork Canyon. This
is also the area of the greatest concentration of 1atite;monzonite dikes

and white rhyolite dikes.
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The mafic dikes range in width from 2 to 20 feet and are gener-~
ally less than 200 feet long. The average trend is'Na 10°% W, but varies
from ¥. 5° E. to N. 45° V.; the dips are from 70° east to vertical,
Topographically, the dikes are depressed slightly owing to their more
rapid weathering relative to the surrounding country rock. The wall
rocks adjacent to the dikes are characteristically bleached and ars
rarely silicified. Goethite staining and goethite-calcite veinlets in
the mafic dikes, extending locally some 30 feet into wall rocks, are a
common occurrence, particularly in the North Fork Canyon area.

In hand specimen, the mafic dike rocks are dark green, fine
grained, rarely porphyritie, and contain as much as 10 percent magnetite.
The oxidation of the magnetite to geethite has resulted in a rusty brown
stain on the weathered surfaces. Plagiociéée grains are present in the
slightly coarser samples. The porphyritic varieties contain phencerysts
consisting of plagioclase, pyroxene, hormblende, and biotite., Quartz
is present in some dikes. -

Viewed microscopically, the groundmass consists predominately
of felty plagioclase microlites with interstitial magnetite, pyrozene,
and apatite (Fig. 18). Alteration of the plagioclase to clay and the
pyroxene to calecite and chlorite is common. The phenocrysts are as much
as 3 mm. in length and euhedral. The labradorite phenocrysts are altered
to clay, sericite, and caleite., The ferromagnesian phenocrysts are
totally to partially replaced by calcite, chlorite, or magnetite.

Latite~Monzonite Dikes. Porphyritic latite-monzonite dikes are

the next youngest in the central Magdalena Mountains and cut the mafic

dikes at a number of localities in Korth Fork Canyon. The
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Photomicrograph of a mafic dike of andesitic composition.-—-
Plagioclase {F) crystals with lesser amounts of pyroxene
and magnetite in a fine-grained matrix. Crossed nicols,

X 3

Figure 18.
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latite-monzonite dikes are spatially associated with the Water Canyon
stock, becoming less abupdant with increase& distaﬁce.from'the stock
{(Fig. 4). The latite-monzonite dikes crop out from 3 miles south of

the Water Canyon stock in éopper Canyon and Water Canyon to 2.5 miles
north of the stock in Garcia Canyon and Jordan Canyon. The dikes are
exposed 2 miles west of the Water Canyon stock, which is bordered on

the east by the H. 350 ¥e~trending fauli zone énd the Water Canyon fauli
zone. Latite-monzonite dikes as well as white rhyolite and mafic dikes
are present in the northeast portion of the Magdalena Mounitains.

The latite-monzonite dikes intrude the Late Oligocene north-
northwest~trending fault zone and some of the dikes cfop out continu-
ously. for over 1 mile ‘in North Fork Canyon; The dikes are sinuous,
dipping 70° east to vertical., The thickness of the dikeg varies from
25 to 75 feet. The outerop breaath of some of the dikes adjacent to the
Water Canyon stock is greater than 75 feet. Many of the latite-monzonite
dikes stand out in relief by.as much as 30 feet above the surrounding
country rock, especially in North Fork Canyon. Siliecification,
argillization, and limonite staining of the intruded country rock are
sporadic and limited to a few feet.from the dike. |

A large isclated latite-monzonite diké crops out in the north-
west portion of the study area‘in sec, 18, T. 38., R. 3. at the head of -
Patterson Canyon and continues N. 10° E, to Chihuahua Guleh in the
Mapdalena mining district. The intrusion was originally'mapﬁed as a
5111 by Loughlin and Koschmann (1942)., However, the nearly vertical in~

trusion cross-cuts both the Spears Formation and the Paleozoic
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sedimentary rocks substantiate and therefore must be considered a dike.
The dike is as wide as 300 feet and is truncated on the south by a
north-trending Late Cenozoic fault.

Hand specimens of the lalite-monzonite dikes ars characterized
by tﬁeir grayish-green color weathering to a yellow brown; by pheno-
crysts of feldspar commonly over 10 mm., in length; by chloritized
biotite and hornblende; by rounded, glassy, quartz grainsi and By a
fine-to-medium~grained matrix. The rock ﬁeathers to spheroidal forms,
different from the blocky character of the weathered white rhyolite
dikes., Quartz is present interstitially and as subround discrete grains
gnd composes as much as 5 percent of the rock. Somé orthoclase is
graphically intergrown with the quartz. Magretite is commonly oxidized
to limonite and gives the rock a yellow-brﬁﬁ% color.,

In thin section, the texture of the latite-monzonite dikes is
porphyritice, with a groundmass that varies from felty in the latitic
types to a fine phaneritic in the monzonitic types {(Fig. 19). The
phenocrysts are orthoclase, plagioclase, or clinopyroxene composing as
much as 20 percent of the rock. Orthoclase crystals are as long as
30 mm., subhedral, and commonly show normal zoning and resorption along
their boundaries. Alteration of the orthoeclase includes both clay and
sericite, and is generally not as intense as in the plagioclase grains.
The andesine phenocrysts are as much as 4 mm. in length, euhedral, and
show strong alteration to clay, sericite, and calcite. . Augite, which
oceurs in the latitic varieties both as phenocerysts and as a component
of the groundmass, is as much as 3 mm. in length and generally highly

altered to calcite, chlorite, and magnetite. The feldspars conpose



Figure 19. Photomicrograph of a latite-monzonite dike of monzonitie
composition.--Orthoclase (0), plagioelase (P), and
quartz (Q) in a chloritized groundmass. Crossed nicols,
X 3,
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approximatel& 50 percent of the rock with plagioclase in excess of
potash feldspar. Biotite, which alters to chlorité and.magnetite, is
the dominant ferromagnesiap mineral 4in the monzonitic varieties making
up to 15 percent of the rock. Accessory minerals include zircon,
apatite and euﬁedral sphene as long as 2 mm,

White Rhyolite Dikes, White rhyolite dikes are the youngest

intrusions in the central Magdalena Mountains. They cut the mafic and
latite~monzonite dikes as well as the Vater Canyon stock. The white
rhyolite dikes also intrude the Late Oligocene, north-northwest-trending
fault zone, locally using the same conduits as the mafic or latite-
monzonite dikes. The white rhyolite dikes have been described in the
Magdalena mining district (Loughlin and Koschmann, 1942, p. 43-44) vhere
they occupy the roof zones of the exposed stocks. The dikes are common
in the central Magdalena Mountains where they are localized primarily
along north-northwest-trending faults, and the N. 8o® W.-ﬁrending North
Fork Canyon fault zone (Fig. 4). The white rhyolite dikes exhibit, as
well, a noftheast—trending zone beginning north‘of South Baldy Peak and
extending to the Water Canyon stock as defined by a number of short,
sinuous, north-trending dikes. |

The most prolifie white rhyolite diking in the central Magdalena
Mountains is in YNorth Fork Canyon, particularly in secs. 21 and 28, T.
3S., Re 34, (Fig. &4). In North Fork Canyon, the white rhyolite intrusions
have penetrated parallel to the bedding of ihe strata or crop'out as
circular plugs. Parallel dike swarms are exposed almost continuously
from North Baldy Pezk to the southern limit of mapping at the head of

Ryan Hill Canyon, a distance of 6 miles. North of the study area in the
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Magdalena mining district, the white rhyolite dikes are rare, but three
north-northwest-~trending dikes have penetrated the exposed stocks in the
northern part of the district. The white rhyolite dikes range from 10
to 200 feet in width and commonly stand out as "chinese wall", topo-
graphic features rising as much as 75 feet above the terrain. The re-
sistance to erosion generally is the result of the high silica content
of the white rhyolite dikes such as the dike which intruded the Forth
Fork Canyon fault zone which contains 76 percent siliéé.

The white rhyolite dikes are distinguished in the field by their
grayish-white color; by a compact, fine-grained, locally flow banded 
texture (Fig. 20); by round quartz grains; énd by feldspar phenocrysis.
Fyrite is present, commonly as much as 0.3 percent, Veathering of the
ﬁ&rite produces limonite bsuedomorphs and a~yellow~brown stain on the
rocks. Phenocrysts of quartz and feldspar, up to 2 cm. long, make up
as much as 20 percent of the white rhyoliﬁe dikes.

In thin section, the white rhyolite dikes have a distinctive
porphyritic to glomeroporphyritic texture in a compact, microgranular
groundmass (Fig., 21). The phenocrystg are generally orthoclase and
qguartz and compose 10 to 20 percent of the rock. The orthoclase is sub-
hedral to euhedral, as much as 1.5 mm., in length, and shows weak to
moderate alteration to clay and sericite. Graphic intergrowths with
guartz are copmon. Quartz is subround, as much as 2 mm. in length, and
shows minor resorption ;long its edges. Minor subhedral to euhedral
. plagioclase of Ang to Am, compesition also forms phenocrysts as large

as 1 mm. The plagioclase is altered to clay and sericite. The



Figure 20. Highly flow-banded white rhyolite dike exposed in sec.
21, T. 38., R. 3W.
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Figure 2l. FPhotomicrograph of a white rhyolite dike,~~Orthoclase (0)
and quartz (Q) phenocrysts in a fine-grained groundmass.
Crossed nicols, X 3. .
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groundmass is a fine-grained mixture of quartz and feldspar and is
highly sericitized., Silicification is also a common alteration effect.

Eydrothermal alteration and mineralization, which followed the
emplacement of the white rhyo}ite dikes, are spatially related to the
intrusions. Alieration includes the silicification of the dikes,
silicatlion of the adjacent country rock, and mineralization in the in-
truded rocks and on the walls of the dik;s. Silicification of the dikes
primarily is seen in the northern part of the study area., Silication
and lead-zinc-copper mineralization in the Kelly Limestone adjacent to
a white rhyolite dike occurs in the North Baldy Peak area, Gold in gold-
- bearing pyrite occurs on the walls of the white rhyolite dikes at the
divide batween Fill Canyon and Copper Canyon. The presence of white
fﬁyolite dikes in mineralized areas has pre%&ously'been reported by
Loughlin and Koschmann (1942) in the Magdalena wmining district and by
Titley (1958) in the Linchburg mine.

Water Canyon Stock. The Water Canyon stock is located on the

north side of the mouth of Water Canyon, 2.5 to 3 miles east of Horth

Baldy Peazk in secs. 14, 15, 22, and 23, T. 35., R. 3. (fig. LY, The

dimensions of the stock are 3700 feet east-west by 3000 feet north-south,

The stock is exposed due to Late Cenozoic block faulting along the

No 350 W marginal fauli zone and the N. 25O E. Water Canyon fault zone.

Kalish (1953, p. 8) considered the stock to be a Precambrian granite

similar to the basement rocks exposed in the Magdalena mining district.
An age date obtained by the author and Charles Chapin of the

New Mexico Bureau of Mines supports a Late Oligocene age for the stock.

The K-Ar date was obtained from blotite in a sample taken from the ..



67
center of the Water Canyon stock. The date of 30.5 m.y. T2 MeYe
corresponds closely with the dates on the exposed stoc¢ks in the
fagdalena mining district and suggests a major episode of stock in-
trusion from 28.0 to 30.5 m.y. affecting the central and northern
Magdalena Mountains.

Field data supporting a Late Oligocene age for the Water Canyon
stock are as follows. The stock is compositionally similar to the Nitt
and Anchor Canyon stocks in the Magdalena mining district, which have
been dated at 28.0 and 28.3 m.y., respectively (Weber and Bassett,
1963). The stock does not intrude Paleozoic sedimentary rocks or the
Oligocene volcaric rocks, but latite-monzonite dikes, which are compo-~
sitionally similzr and genetically related to the Vater Canyon stock,
penetrate the entire stratigraphic section., The North Fork Canyon fault
zone, which is Early Oligocene in age, has been truncated by the Water
Canyon stock, Furthermore, the gray to buff color and the rounded-
terrain of the Water Canyon stock is in contrast to the pink to red
color and angular terrain of the Precambrian granite.

A mafic dike culs the Water Canyon stock., The mafic dike is
the grayish-green type commonly found in the central Magdalena Mountains.
The felfy groundmass as well as the few phencerysts of plagioclase have
been altered to carbonate, chlorite, or epidote. A white rhyolite dike
also has intruded the Water Canyon stock.

There is no apparent alteration of the Precambrian country rock
surrounding the stock, pos&ibly reflecting the unreactive nature of the
argillite., The only mineralization present is élogg a N. 40° W.-trending

silicified zone that cuts the stock with minor lead, zinc and copper.
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There is minor mineralization in the Kelly Limestone adjacent to £he
Water Canyon stock.

The Vater Canyon stock is a fresh,_coarseagrained, buff to pink
quartz monzonite porphyry with a well-developed north-trending joint
system. Epldote commonly is developed along these joint surfaces,
Numerous inclusions of Precambrian argillite are in the stoek, particu-
larly along the contact. The stock is fine-grained adjacent to the
Precambrian contact. Microscopically, the guartz monzonite c;nsists .
primarily of orthoclase, plagioclase (An25 to An33) and quartz. Horn-
blende and biotite are the common ferromagnesian minerals with minor
pyroxene, The rock has a porphyritic texture with phenocrysié of
orthoclase as long as 5 em. The orthoclase shows zoning and oniy minor
alteration tﬁ sericite or carbonate,

Buried Stocks. TField evidence suggests the presence of buried

étocks underlying the Linchburg-North Baldy Peak area and.the North Fork
Canyon area in secs, 21 and 28, T. 3S., R. 3W, Each area is discussed
;nd evidence is presented supporting the assertion of the presence of the
buried stocks., |

The presence of a buried stock underlying the Iinchburg mine
area in the southern portion of the Magdalena mining district has been
previously predicted. Loughlin and Koschmann (1942, p. 32, 48, 105)
noted the extensive silicification of Precambrian argillite and Paleozoic
limestone along fault zones and the high temperature mineral assemblage
in the Linchburg mine as suggestive of a stock underlying the area.y
Austin (1960, p, 16) considered the abundance of scheelite in the.vicin—

ity of the Linchburg mine along the north-northwest-trending Young
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American fault zone as strongly suggestive of a stock upderlying the
area. Titley (1958) studied the skarn mineral assemblage adjacent to
the north~northwest-~trending faulis in the Linchburg mine and suggested
that the area is underlain by a buried stock. A similar skarn-type
alteration and silicification is present at North Ealdy Peak southeast
of the Linchburg mine in the study area.

Mafiec, latite-monzonite, and particularly white rhyolite dikes
are spatially associated with the exposed stocks and may be further
evidence for buried stocks in the Magdalena Mountains. Titley (1958)
described a white rhyolite dike in the Linchburg mine, and the writer
has mapped white rhyolite dikes in the North Baldy Peak area, suggesting
the possibility of a buried stock.

The Linchburg-North Ealdy Peak area is wifhin a north-northwest-
trending zone of horst blocks extending from the Magdalena mining dis-~
trict into the central Magdalena Mountains. Loughlin and Koschmann
_(1942) called this zone of horsts the main ore zone és it contained the
greatest concentration of metals in the Magdalena mining district.

Horst blocks of Precambrian argillite uplifted against Paleozoic sedi-
mentary rocks oulline the maiﬁ ore zone in the Magdalena mining‘district
and this zone of horsts continues south-sountheastiward. In the central
fagdalena Mountains a long, narrow block of Madera Limestone and lower
Spears Formation has been uplifted within the Hells Mesa Formation‘and
the upper Spears Formation and is a continuation of the horst blocks
from the Hagdalena mining district.

The presence of a buried stock underlying the Linchburg-North

Baldy Peak area has been verified recently. by the release of informétion
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previously helé confidential by mining companies (Qhapin, and others,
in preparation). Drill holes and a crosscut in the Linchburg“mine
‘penetrated the outermost portion of an igneous rock. Little is known
of the size or shape of the intrusion, but itlis similar in texture
and composition to the exposed stocks.and suggests that it is part of
the same magmatic event. According to Chapin and others (in preparation),
the intrusion exposed in the crosscut in the Linchburg mine is a quartz
ﬁonzonite porphyry containing argillized plagioclase phenocerysts and
fresh, rounded grains of potash feldspar and guartz in a granophyric
matrix of potash feldspar and quartz, Chlorite and caleite alteration
are common in the intrusion. The presence of disseminated pyrite and
sparse copper mineralization in the Linchburg stock differs from the
exposed stocks in the Magdalena Hountaingglm

Another stock may underly the KNorth Fork Canyon area in secs. 21,
and 28, T. 3N., Rs 3. approximately 1.5 miles southeast of North Ealdy
Pealk, The proposed existence of the stock.is based primarily on the
large number of dikes in the North Fork Canyon area, differing from the
Linchburg mine area wheve dikes are rare at the surface., Nowhere in the
Magdalena mining district or in the central Magdalena Mountains is the
diking as prolific as in the North Fork Canyon area.

White rhyolite dikes as well as mafié and latite-monzonite dikes
are present in North Fork Canyon. White rhyolite sills and plugs are
Jocally present in North Fork Canyon. The intrusive rocks are exposed
in numerous stream channels suggesting that the Paleozoic sedimentary
rocks and the Tertiary volcanic rocks exposed on the surface are only a

thin veneer overlyinz a larger intrusion at depth. In all directions
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from the area of greatest intrusion in the south half of sec. 21, T. 35.,
R. 3., the exposed intrusions decrease in number and océurrence._ South
of secs 21, T. 35.,, R:. 7. a few latite-monzonite and white rhyolite
dikes trend north-northwest for 3 miles (Fig. 4).

Dike rocks are spatially‘associated with the exposed stocks in
the Magdalena Mountains, The existence of the recently verified buried
stock in the Linchburg-North Baldy Peak area was suggested by the white
rhyolite dikes as well as the high temperature mineralization and alter-
ation prssent in the area. Intense faulting may have allowed the move-
'ment and concentration of magma from a distant source area, The abundant
diking in FNorth Fork Canyon, and particularly the white rhyolite dikes,
may suggest a buried stock underlying secs. 21 and 28, T. 3S., R. W.
Furthermore, the white rhyolite dike ;warms'exposed to the southern
limits of mapping may suggesti a larger intrusion underlying the central

Magdalena Mountains.,

‘Tertiary Sedimentary Rocks

Popotosa Formation. The prominent red cliffs that form the

east wall of Water Canyon for more than 1.5 miles are made up of Miocene
sedimentary rocks of the Popotosa Formation. Kalish (1953, p. 22)
called this unit a rhyolite agglomerate in the Water Canyon Mesa area.
Also, much of the flat, rubbly area between South Baldy and Langmuir
Laboratory is underlain by the Popotosa Formation. Stacy (1968, p. 42)
called the rock between South Baldy Peak and Langmuir Laboeratory a
laharic breceia. The Popotosa Formation lies unconformably on the

Timber Peak rhyolite and represents the beginning of Tertiary
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sedimentation in the central Magdalena Mountains following Late Cligo~
cene faulting and intrusion. Denny (1940) originally described the
Popotosa Formation as a basal unit ofr the Sante Fe Group which was de-
posited in middle Miocene to Pliocene time,

The Popotosa Formation is not present in the Magdalena mining
district. In the southern Bear Mountains, the Popotosa Formation is
interbedded with the upper one-third of the La Jara Feak Formation, a
unit which Chapin (1971-a) dated at 23.8 m.y. The Popo£osa Formation
in the southern Eear Mountains consists of siltstones and mud flow
breccias composed mainly of detritus from the La Jara Peak Forﬁation.
Brown (1972, ps 66) called the unit the fanglomerate of Dry Lake Canyon
(Fig. 9), a facies of the Popotosa Formation (Eruning, 1973).° Tn the
southern part of the Puertecito quadrangle, north of the Magdalena
Mountains, Tonking (1957, p. 34) designated the exteﬁsively exposed
series of poorly sorted voleanie-rich siltstone, sandstone, and con- -
glomerate as the Popotosa Formation.

According to Eruning (1973, p. 107) the deposition of the
Popotosa Formation began azbout 24 m.y. during thexemplacement of the
upper third of the La Jara Peak Formatidn. Deposition of the Popotosa
Formation continued locally in the Socorro, New Mexico area to approxi-
mately 11 m.y. as dated by a trachyandesite flow and associated tuffs
overlying the Popotosa Formation on Socorro Peak (Furke and others,
1963). The Popotbs; Formation is overlain by 14 m.y. rhyolite flows
{Veber and Bassett, 1963) west of the central Magdalena Mountains in-
dicating deposition of the Popotosa Formation ceased earlier in the

Magdalena area.
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Kottlowski, Weber, and Willard (1969) considered the Santa Fe
Group of central New Mexico to have formed.under a2 similar depositional
enviromment to the Gila Conglomerate of socuthwestern New Mexico and
southeastern Arizona., Both rock units resulted from erosion of the ex-
isting highlands and deposition in adjacent basins. The aée of the Gila
Conglomerate as determined by vertebrate fossils from lake beds south
of EBenson, A%izona is Late Pliocene to Barly Plelistocene (Heindl, 1962) .

The Popotosa Formation in the central Magdalena Mountains is #n
alluvial fan deposit consisting of well indurated sandstone, conglomerate,
and breccia. Exposures of the Popoteosa Formation are limited to the
Water Canyon Mesa (Fig,., 22) and to the area between South Ealdy Peak and
Langmuir Labeoratory.

Nq clasts of La Jara Peak Formatio;;mPaleozoic sedi@entary rocks,
or Precambrian argillite and granite have been found in the Popotosa
Formation of the central Magdalena Mountains. In the central Magdalena
nountains the Popotosa Formation is red to reddish-brown and is com-
posed of angular to subrounded clasts of Datil voleanic rock, primariiy
the Timber Peak rhyolite. The clasts range in size from less than 1 inch
to over 2,5 feet and are cemented by an iron-stained, siliceous ground-
mass. The rock has a vuggy or frothy texture and contains cavities as
muqh as 9 feet in diameter in VWater Canyon Mesa, The.Popotcsa Formation
is approximately 400 feet thick at water Canyon Mesa, but thins fapidly
eastward witﬁin 0.5 miles to a depositional pipchout on the Timber Peak
rhyciite surface. At the crest of the range between South Baldy Peak
and Langmuir Laboratory, the Popotosa Formation forms a thin veneer of

blocky fragments.



Figure 22,

Well indurated and conglomeratic Popotosa Formation
exposed at Viater Canyon Mesa.
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In the Viater Canyon Mesa area, a thin, reddish-black, ﬁésicularzf
lava flow is interbedded with the Popotosa Formation. Minor plagioclase
and pyroxene phenoccrysts are in the aphanitic groundmass. The lava flow
is exposed only in a few stream beds and cannot be traéed laterally.

The size, shape, and compositlon of the detritus composing the
Popotosa Formation varies from place to place., Between South Béldy Peak
and Langmuir Laboratory the Popotosa Formation contains subround to
angular fragments as much as 2,5 feet in length of Timber Peak rhyolite,
the South Baldy andesite, and minor Sawmill Canyon formation.v All of
these volcanic units crop out in the adjacent area. In the Water Canyon
Mesa area, the clasts in the Popotosa Formation are much more heter-
olithiec and variable in size and roundness.

Rocks similar to the Popotosa Formaﬁion crop out 3Amiles south-
west of South Baldy Peak in the Mule Shos Ranch area. Thg clastic rocks’
southwest of South Ealdy Peak aré not as coarse or angular as the
'Popotosa Formation at the crest of the range. The lithology of the
fragrents in the clastic rocks southwest of South Ealdy Peak is more
heterolithic and does not contain ag many clasts of South Baldy Peak
andesite and Timber Peak rhyolite as the Popotesa Formation at the crest :
of the range. The clastic rocks in the Mule Shoe Ranch area are inter- ,125? e
bedded with Late Oligocene volecanic rocks appréximatelyf;;—jo M.V in
age and are considered correlative with the Bear Trap Canyon Formation

described by Deal and Rhodes (in press).

Quaternary Sediments

The Quaternary sediments of the central Mag&alena Mountains

consist of pediment gravels, talus, and alluvium. The unconsolidated
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sediments cover large areas, particularly in the South BRaldy FPeak-
Langmuir Laboratorj area, concealing the underlying geology.

Pediment Gravel., Poorly censolidated material mapped as pedi-

ment gravel is exposed on the eastern flank of the Magdalena Range and
in a congiderable portion of Water Canyon. The pediment gravel includes
gently sloping alluvial fans on the margins of the range tﬁaﬁ dip
eastward into the Snake Ranch Flats (La Jencia Rasin), and the boulder-
covered slopes in Water Canyon.

The bedrock areas demonstrably influence the type of debris
found in the pediment gravels., To the north and west pf Water Canyon,
Precambrian argillite, Oligocene volecanic rocks, and Paleozoic sedimen-
tary rocks predominate in the gravel, To the south and east of Vater
Canyon eroded material from the Popotosa %o;ﬁation and Oligocene vol-
canic rocks make up the debris.

Where the pediment gravel is only a thin veneer covering the
_underlying formations, windows of possible bedrock are present. 4 good
example is the VWater Canyon manganese mine on the east slopes of Water
Canyon (Fig. 4) that was developed in the Timber FPeak rhyolite and is
surrounded by pediment gravels. Whether such an exposure is bedrock
or a slumpblock from higher elevations is difficult to determine,

Talus., Maferial mapped as talus includes debris slides and
landslides that are extensively developed at the higher elevations,
particularly in the southern portion of the study area. Largevblocks
of Timber Peak rhyolite, over 300 feet in length, slump down'steep, un-

stable slopes. Rock glaciers, some up to 0.5 mile in length, cover
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considerable portions of the slopes in Sﬁuth, Sixmile, Sawmill, Hardy,
Bear, Mill, Hop, and Patterson Canyons (Fig. 3)..

Clasts of ash flow tuffs derived.fo;_the most.part from the
Hells Mesa Formation and the Timber Peak rhyolite are the main con-
stituents of the talus. The Timber Peak rhyolite supplied material
to the talus cones covering many of the southern and western slopes of
the range, House~size blocks of Timber Peak rhyolite around Langmuir
Laboratory have slumped into Sawmill Canyon. Talus covered, westward-
dipping slopes between North Baldy Peak and South Baldy Feak are coﬁ—
posed of Hells Mesa Formation.

Alluvium. Alluvium comprises Holocene stream gravels that have
been deposited in the major drainages cutting bedrock, talus, and
pediment gravels., In Water Canyon west of Water Canyon Mesa, the stream
has been entrenched into an older stream terrace. Intermittent runoff

still supplies material, which is deposited in the valleys today.



STRUCTURE

Interpretation of the structures in the HMagdalena Méuntains has
Been hampered by a lack of field data. Reconnaissance mapping and trav-
erses were made outside the central Magdalena Mountains in order to
better understand the structure of the range. The additional data
available from Brown (1972) in the southern Pear Yountains, the compila-
tion study by Chapin and others (in praparation) of the Magdalena-Tres
Montosas area as well as Loughlin and Koschmann's (3942) study on the
¥agdalena mining distriet allow for a better understanding of the local
and regional structures.

Structural features in the centrai‘ﬁégdalena Mountains can be
considered under five major headings: Precambrian an& Paleozole struc-
ture, Laramide structure, Early to Middle Oligocene faults, Late Olipgo-
cene faults, and Late Cenozoic block faults. Each type has been
influential in the structural history of the central Magdalena Mountains

and is discussed separately.

Precambrian and Paleozoic Structure

The Precambrian argillite in general strikes northwest and dips
steeply to the east. No folds are present in the argillite. The Pre-
cambrian granite cross cuts the dip of the argiilite. Granife dikes
generally less than 2 feet ﬁide £311 northeast-trending fraétures and

commonly intrude parallel to the bedding of the argillite.

EL
o
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Mississippilan strata unconformably overlie the Precambrian. The
¥ississipplan-Pennsylvanian contact is a conformable surface that"shows
no structural disruption. Unconformities in the Pennsylvanian sedimen-
tary rocks are reported by Lo#ghlin and Koschmann (1942, p. 56) in the
Magdalena mining district. Loughlin and Xoschmann (1942) stated there
is an angular unconformity between the Madera Limestone of Pennsylvanian
age and the Abo Formation of Permiar age in the Magdalena mining dis-
trict.

The Paleozoic strata strike northwest and dip 10° to 30° west near
North Baldy Peak but change to a west~trending strike and a southward dip
of 300 to 550 at their southern limit of exposure in the central MHagda-
lena lMountains. A series of upright anticlines and synclines with north-
west to northeast trends are developed in the Paleozoic sedimentary rocks
in the central Magdalena Mountains (Fig. 23, in pocket). Folds are also
present in the Oligocene Spears Formation. North Fork Canyon and Copper
Canyon occupy the hinge zone of anticlines and are separated by topo-
graphic ridges which are structural synclines. Spacing between the
anticlines is approximately 1l mile, The structures plunge approximateiy
30° to the west beneath the unfolded Fells Mesa Formation.

Folds in the Paleozoic rocks and the Oligocene Spears Formation
are restricted to the central Magdalena FMountains and are not p#ésent in
the Magdalena mining district (Lovghlin and Xoschmann, 1942, p. 57),
Spatially, folds in the Paleozoic rocks are limited to North Baldy Peak
and to the south in the central Magdalenz Mountains. The folds are
developed on the downthrown side and south of the X, 80° W.=trending

North Fork Canyon fauli zone, along which oblique slip movement occurred,
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Laramide Structure

The term “Laramide“ has been applied to a period of large-scale,
crustal disﬁurbances during which many of the mountains and basins of
the Rocky Mountain region were formed. Wilmarth (1938, p. 1149) defined
the Laramide as beginning in Late Cretaceous time and ending in Larly
Tertiary time. As more structural data accumulate it is iﬁcreasinglyv
evident that orogenic events presently ascribed to the Laramide did not
begin nor end siﬁultaneously in all parts of the Rocky Mountains. The
limits and scope of the Laramide orogeny in west—central-New Mexico can
best be defined in terms of the time following the deposition of the
Cretaceous lesa Verde Group and before the deposition of the Iocene Baca
Formation.

The Laramlde uplift appears to havénéhe_shape of an elongate
dome or anticline whose axls trends northwnortﬁweSt in the Magdalenaxarea.
Loughlin and Koschmann (1942, p. 57) noted the general change in strike
of the west-dipping pre-volcanic rocks, from N. 300 E. in the Granilte
Mountain aresa nofth of the Magdalena mining district to N. 150 We in the
main pertion of the Magdalena mining distriet. At the southern limit of
exposure in the central Magdalena Mountains, the Paleozoic rocks strike
east-west and dip south. The east-dipping limb of the Paleczoic strata

has been dropped into the subsurface by Late Cenozoic block faulting.

Early to Middle Oligocene Faults

A N, 80° W.~trending fault zone of Early Oligocene age is ex-
posed from North Baldy Peak east to Water Canyon paralleling the north

side of North Fork Camyon (Fig. 23). The fault zone dips from steeply



81

to the south to vertical. The North Fork'Canyon fault zone is-composed
of two west~trending, parallel, normal faults with the south side down. -
| poperent |

The strike-slip component ofhoffset along the North Fork Canyon
fault zone is determined by the Kelly Limestone, which is truncated'at_
North Faldy Peak and crops out 2.5 miles to the easﬁ in‘the YWater Canyon
area., The strike-slip displacement élong the north fault of the North
Fork Canyon fault zone is greater than the south fault. The dip-slip
component of offset across the North Fork Canyon fault zone is 1400 feet
as measured by the difference in elevation of the Kelly Limestone at
North Baldy Peak and in Water C;nyon.

The Korth Fork Canyon fault zone is covered by younger volcanic
rocks west and south of North Baldy Peak. The northern fault of the
North Fork Canyon fault zone is exposed in the west half of sec. 18, T.
35., R. 3. at the south fork of Patlerson Canyon {Fig. 4). Erosion
has removed the younger velcanic rocks and exposed the Spears Formation
and the fault gzone. To the west the North Fork Canyon fauli zone is
trunsated by a‘Late Cenozoic, north-trending block faudi. Mapping by
Wilke¢nson {Chapin, and others, in preparation) in the Tres Montosas area
of the Gallinas Range, approximately 10 miles west of Magdalena, has
resulted in the recognition of a wéstwnorthwestwtrending fault zone,
which may be a westerly continvation of the Korth Fork Canyon fault zone.

The North Fork Canyon fault zone developed before the deposition
of the Iells Mesa Formation and after the emplacément of the Spears
Formation. The Spears Formation was truncated by the North Fork Canyon
fault gzone whereas the Hells Kesa Formation overlaps the Nérth Fork Can-

yon fault zone west and south of North Faldy Feak, Furthermore, dikss
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related to the Late Oligocene intrusions, which affected the entire
Kagdalena Mountains, were intruded across as well as along the Korth
Fork Canyon fault zone. |

Following the emplacement of the Hells Mesa Formatién, a west-
trending, south~dipping, normal fault develcped from South Ealdy Peak
east to South Canyon (Fig. 23). Evidence for the existence of the South
Canyon fault is based on topography, displacement of strata, and altera-
tion adjacent to the fault.‘ Korth of the fault in South Canyon, the
Hells Mesa Formation is exposed and truncated against the younger Sixe
mile Canyon andesite., Pyrite and guartz veinlets ocecur in the Hells
Mesa Formation adjacent to the South Canyon fault but are not present
.in the Sizmile Canyon andesite. The South Canyon fault is truncated
by a north-trending, Late Cenozolc block fa;lt to the east and is
covered by the Timber Peak rhyolite.

The South Canyon fault was reactivated between South Ealdy Feak
and Timber Peak afier the emplaceﬁent of ihe Sawmill Canyon formation.
The displacement of strata is evidence for the second period of faulting.
Hells lesa Formation north of the fault is truncated agéinst South Baldy
Peak andesite on the south., The South Canyen fault west of Soutl Baldy

Feak is covered by Timber Peak rhyolite,

Late Oligocene Faults

Following the emplacement of the Datil Group, the central Mag'a-
lena Mountains were cut by a set of north-northwest-trending faults of

Late Oligocene age (Fig. 23). These faults trerd from N. 10° E. to .

o
Ne 30" W. with a dominant trend of N. 10° W. The north~northwest-trending -
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faults dip at anples from EGG F.. to nearly vertical with normal, down
to the east moverment, Offset along the faults varies from 0 to 200 feet.
The faults are present in a north-northwesi-trending zone as wide as I
miles in the central Magdalena Mountains.

The recoznition of the north-northwest-trending faunlts is diffi-
cult in voleanic roeks, particularly ithe Hells Mesa Formation, due to
the lack of marker horizons with which to determine offset. North-
northwest-trending dikes aid in the recognition of the north-northwest-
trending fault zone into which they intrude.

The mafie, latite-monzonite, and white rhyolite dikes show a
dominant north-northwest trend. The N, 10° W, alignment is particulary
well demonstrated by the white rhyolite and latite-monzonite dikes, somes
of which crop out continuously for over 1 mile as in secs. 17, 20, and
29, T. 35., Ko 34, (Fige 4). Vhite rhyolite dikes aligned with the
north-rorthwest-trending fault zone are exposed almost continuously for
a length of 6 miles in the central Magdalena Mountains.

A north-northwest-trending horst block consisting of Madera
Limestone ard lower Spears Formation has been uplifted within the liells
Mesa Formation and the upper Spears Formation (Fig. 23). The horst
block is approximately 6500 feet long (north-south) and 300 to 600 feet
wide. The horst block is exposed south of North Baldy Feak in secs. 17
and 20, T. 35., R. 3,

Another north-northwest-trending horst consisting of Frecambrian
argillite is exposed in sec., 18, T. 35., R. 3. (Fig. 23). This block
is a continuatinn of a horst mapped in the Magdalena mining distriet and

is part of an intermittant series of north-northwest-trending horsts
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exposed from the southern limit of the Nitt stock.through the Linchburg-
Grand Ledge area (Loughlin and Koschmann, 1§@2[ Plate-2).

The north-northwest-trending fauwlts c;ntinue nortﬁ and south
of the central Magdalena Mountains., The faults extend southward into
Sawmill Canyon and Ryan Hill Canyon, boﬁh of whiéh have a pronounced
north-northwest topographic trend. The north-northwest-trending faults
continue northward into the Magdalena mining district as expressed by
horsts and faulis along which the Kelly Limestone has been mineralized.
Replacement deposits in the Kelly Limestone along north-northwest-
trending faults occur in the Linchburg mine and the Nerth Baldy'Peak
mine, 4 miles south of the exposed stocks in the Magdalena mining disg-
trict. Also, dikes and the Nitt and Anchor Canyon stocks in the Magda-
lena mining district have a north~northweé£“;rientation.

In the southern Bear Mountains north of the Magdalena Mountains,
Brown (1972) recognized the continuation of the north-northwest-trending
faults, which have cut the area into a number of westward tilted blocks
brogressively stepped down to the east, Tonking's (1957) map of the
Puertocito quadrangle shows the north-northwest-trending faults con-

tinuing northward from Erown's area.

Late Cenozoie Block Faunlts

The major uplift of the central lMagdalena Mountains occﬁrred
along Late Cenozoic block faultg. Movement occurred along three major
fault zones (Fig. 23); the N, 25° E.~{rending Water Canyon fault zone,
the M. 35°'w.~trending boundary fault zone on the northeast gide of the

Magdalena Range, 2nd a north-trending fault zone on the west side of the
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Magdalena Range., The north-trending fault zone, bprdering the west side
of the central Magdalena Mountains, caused large, down to the west
displacements, and forms the east border of the Mnlligan Gulch graben.
Movement along the N. 350 W.-trending fault zone, bordering the north-
east side of the central Magdalena Mountains, caused down to east dis-
placement and formed the Snake Ranch Flats grgben. The N. 250 B, Water
Canyon fault zone separates the upthrown Precambrian to Tertiary rocks
to the northwest from the downthrﬁwn Tertiary rock at Water Canyon Mesa
to tﬁe southeast. |

The north-irending fault zone on the west side of the central
Magdalena Range is distinguished by the aligmment of springs, displace~
ment of strata, silicified fault zones, and steep slope gradiepts; Two
parallel faults make up the ﬁorthmtrendiné‘fault zone bordering the west
side of the range. The east fault lies within the study area, but the
west fault is 0.5 mile outside the study area. The easternmost fault
of the north-~trending fault zone continues northward from the central
Magdalena Mountains passing through the town of Kelly and continues
along the east flank of Granite Mountain (Chapin, and others, in prep-
aration). Displacement of strata along this fault in sec. 18, T. 3S.,
R. 3¥, is estimated to be from 1000 to 1500 feet.

The Water Canyon fauit zone consists of two parallel normal.
faults dropping blocks down to the east., The faults trend N. 25° E. in
Water Canyon and control the drainage pattern. The west fault dies out
to the southwest in sec. 3, T. 45.,, R« 37+ The east fault is continuous

from Vater Canyon to the head of Ryan Hill Canyon at the southern limit
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of mapping. Aerial photographs iﬁdicate that this faunlt may continue
south into Ryan Hill Canyon and into the seuthern portion of the range.

The Hiocene Popotosa Formation is truncated and exposed on the
downthrown side of the Water Canyon fault zone. Furthermore, the
Popotosa Formation contains only fragménts of the Datil volcanics;‘and
not of Paleozoic or Frecambrian rocks presently éxposed on the northwest

and upthrown side of the Water Canyon fault zone. wThis suggests that
’the Paleozoic and Precambrian rocks were not exposed durihg the time of
Fopotosa sedimentation, and that preseht day exposure_is due to Laﬁe
Cenozoic uplift along the Vater Canyon fault zone after the deposition
of the Popotosa Formation.

The amount of displacement along the Water banyon fault zone is
éreatest at the mouth of Water Canyon and éé;reases-southward. At the
mouth of Water Caﬁyon in see. 14, T. 38., R. 3W., Precambrian rocks are
exposed on the upthrown side, and Tertiary rock are exposed on the down-
thrown side. Farther to the south, as in sec. 3, T, 3N., R. BW.,'Tefti-
ary rocks of different age are in fault contact. The stratigraphic
displacement at the mouth of Water Canyon is in excess of 3000 feet.

The northeast portion of the central Magdalena Mountains is
bordered by a K. 350 W.-trending fault zone, which has droppéd the ad-
joining Snake Ranch Flats down to the east. Sanford (1968), og the basis
of gravity studies,; interpreted the Snake Ranch-Flats to be a northwest-
trending structural depression probably resulting from normal step-fault-
ing and possible tilting along a northwest-trending fault zone. The
presence of scarplets cutting alluvial fans as eviéenced in the field,

and particularly from aerial photographs, indicate movement has been
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continuing. Aerial photographs also indicate the N. 35° W.-trending
fault zone appears to truncate the N, 250 E, Water Canyon fault zone "
and continues to the southezst forming the eastern bourndary of Uater
Canyon ¥esa,

The displacement on the N. 350 We-trending fanlt zone is diffi-
culi to determine and varies depending én the location where the
estimate is made. North of Water Canyon, Precambrian rocks are exposed
on the upthrown side of the N. 35° W, fault zone at the northern end of
the range, whereas from Water Canyon south, Tertiary volcanic and
sedimentary rocks are exposed on the upthrown -side of the N. 350 W
fault.zone. The area north of Water Canyon was also uplifted by the
Water Canyon fault zone. The best estimate of displacement for the
N. 350 We-trending fault zone should be made south of the Water Canyon
fault zore. As alluvium co{ers the strata on the downthrown side of
the N, 350 W. trending fault zone, the exact displacement is indeter-

minate, but probably exceeds 2000 feet.



REGIONAL ALTERATION

Alteration in the central Magdalena Mountains is dependent upon
the composition of the host rock, and is closel& confined to intrusive‘
contacts along which altering solutions were able to migrate. Altera-
tion is of the same type as found in the Magdalena hining district, but
is not as intense nor as widespread., Tive types of alteration are
present in the central Magdalena Mountains; propylitization, silicifi-
cation, lime-silicate, argillization, and sericitization. Hematite al-
teration, which is so striking in the southern Magdalena mining district
(;oughlin and Koschmann, 1942), is rarely present in the central Magda-
léna Mountains. Variations in distribution,”controls. and‘importance to
mineralization will be discussed under each type of alteration.

Rock exposed within and along the Late Oligocens, nprth~north—
west~trending structural zone reveal the greatest amount and aevelopment
of alteration., Along this zone two areas have undergone the major
alteration in the central portion of the range (Fig. 24, in pocket).

One area to the north is adjscent to the Hapdalena mining district and
overlies one known buried intrusion in the Linchburg-~North Ealdy area
and a postulated buried stock in the North Fork Canyon area. Alteratioﬁ
dies out southward but increases in intensity in the southernmost part
of the study area in sec. 33, T. 35., R. 3., and secs. 4 and 5, T. 45,,
R. 3S. at the intersection of the north-northwest-trending zone with the

transverse South Canyon fauwlt zone.
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Propylitization

Propylitic alteration occurs over a wide afealand at great dis-
tances from known areas of mineralization. éalcite, chlorite, and
e?idote characterize propyiitic alterationo‘ Pyrite is rarvely present}
Propylitic alteration in the central Magdalena Mountains is best devel-~
oped in the Spears and Hells Mesa Formations within theAnorth—northwestﬂ
trending structural zone. Calcite veinlets with geothite are present
locally in the Paleozoic rocks, particularly in the area overlying the
postulated Korth Fork Canyon stock.

The Spears Formation, consisting of sedimentary rocks, andesite
flows, and latitic ash flows, is the most susceptible to propylitic
alteration, Feldspar and ferromagnesian minerals in the Spears Formation
are commonly altered to caleite and locally to epidote or chlorite,
Propylitic alteration is particularly common adjacent to a fault zone or
an intrusive contact. The alteration of the Spears Formatlon is not as
intense as described by Brown (1972) in the southern Rear Moun£ains or
in the Magdalena Mining district, where the pervasive propylitization
led Loughlin and Koschmann (1942) to believe that four separate but
laterally ecuivalent units existed (Fig. 9). Thellower Spears Formation,
normally purple in color, is a greenish gray where propylitically dl-
tered. The middle or "turkey track" member of the Spears Formation
appears to be very reactive to altering solutions, probably because of
its vesleular or porous nature and chemical composition. Calcite,
epidote, and chlorite are common alteration products of plagioclase and
ferromagnesian minerals of the middle Spears Formation throughout the

study area.



90
The upper Spears and the Hells Mesa Formation 'show propylitic
alteration most commonly south and southeast of North Baldy Peak in
secs. 17 and 20, T. 3S., R, SH; (Fig. 24). The southernmost exposure
of the Hells Mesa Formation, in secs. 3 and &4, T. 4S., R. 3., has also
undergone provylitic alteration. Chlorite aﬁd epidote occur in the
more intense zones of alteration and give the ash flows of thé upper

Spears and Hells Mesa Formation a greenish tinge.

Silicification

The addition of silieca to the country rock of the Magdalena
Mountains is conirolled by the proximity of the altered rocks to in-
trusions or fault zones. Silieification occurs either as partial to
total replacement of the host rock or as veins. The jasperoid.type
replacement in the Kelly Limestone at North Baldy Peak and in the Mag-
dalena mining distriet has undergone two periods of silicification. The
first period was characterized by the massive replacement of the Kelly
Limestone by gilice, forming the jasperoid. The rock was laterhfrac—
tured, and then drusy quartz filled the fractures. ¥o mineralization
accompanied the massive replacement, but barite, fluorite, minor sul-
fides, and gold were introduced with the secﬁnd stage of silicification.

Jasgperoid repiacement is restricted to the Worth Baldy Peak area
and is a continuation of widespread silicification present in the south-
ern Magdalena mining district {(Loughlin and Koschmann, 1942). The
uppermost portion of the Kelly Limestone is preferentiall& replaced by
Jasperoid along the crest of the range north of North Baldy Peak in sec.

17, T« 3S., R+ 34. and north of the North Fork Canyon fault zone. South
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of the YNorth Fork Canyon fault zone and along the north-northwest-
trending fault zone in sec. 20, T. 35., R. 3., thé m@ddle Spéars For-
mation is totally replaced by.jasperoid in & zone 150 feet east-west
by 250 feet north-south (Fig. 24), Hematite accompanies the Jasperoid
alteration, but there is no mineralization present. The hematite as-
sociation with silicification was also recognized by Loughlin and
Koschmann (1942, p. S4) in the volcanic rocks of the southern Magdalena
mining district. A horst block exposing Frecambrian argillite, up~
1ifted along the Grand Ledge fault (Loughlin and Koschmany, 1942} north-
west of North Faldy Peak in see. 18, T. 35., R. 3W., is toially replaced
by silica. The Jjasperoid replacement of the Frecambrian argillite'only
oceurs in the North Raldy Peak area. Loughlin and Xoschmann (1942),
Titley (1958), and Ldvering (1962) stated that the jJasperoid replacements
in the Magdalena mining district were equivalent in time and crigin to
the lime-silicate alteration, but were farther away from fhebsource of
the fluids.

Silicification is also presenﬁ in thé Timber Peak mine area (secs.
i and 5, T, 4S., R. 39.) in the form of veinlets penstrating the upper
Spears Formation and the Hells Mesa Formation (Fig. 24). Pyrite, locally
as much as 0,5 percent, is found in the guarte veinlets. The area is
within the north-northwest sfructural zone at its intersection with the
east-west South Canyon fault., Silica veinlets cut only the Spears and
Hells lMesa Formations on the upthrown side of the South Canyon fault and
not the younger Sixmile Canyon andesite exposed on the downthrown side of

the fault.
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A second period of silicification is indicated by silica veins
occurring along Late Cenozoic block fault zones. The main westerﬂ
boundary fault of the Magdalena Mountains is silicified ﬁn a number of
localities along the western edge of the central Magdalena Mountains.
The Popotosa Formation has been silicified adjacent to the Late Cenozoic
fault south of South Ealdy Feak, and the Hells Mesa Formation is re- -

placed by silica along the Water Canyon fault zone.

Lime~Silicate

A small pyrometasomatiec deposit deveiOped in the Kelly Limestone
is located 0.2 mile southeast of North Baldy Peak (Fig. 24), It is
located at the intersection of the north~-northwest-trending structural
zone with the North Fork Canyon fault zone. "The minerals present are
diopside, andradite, quartz, allophane, galena, sphalerite, pyrite, minor
chalcopyrite and malachite, A white rhyolite dike is the only intrusive
present and appears to have preceded the alteration and the minerali-
zation.

A pyrometasomatic deposit similar to the Horth Baldy Peak skarn
is located in the Linchburg mine in the Magdalen; mining district where
Titley (1958) studied silication as a control of ore deposition. Titley
(1958) determined the lime-silicate alteration to be spatially associ-
ated to fault zones that were the conduits for the mineralizing and al-
tering solutions. Silicate and sulfide zones developed from a fault
outward are: 1) 1-2 feet of intense silicifiéation; 2) approximately
15 feet of garretized limestone (andradite}; 3) 2 wide transition zone

of andradite, hedenbergite, sphalerite, and galena constituting the main
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ore bodies; 4) a narrower zone of pyroxenated limestone containing
galena and sphalerite; and 5) a broad fringe of hematized limestone
which generally gives way to marbleized limestone (Titley, 1958, p. 58—
78). %Zone 3 from the Linchburg mine most closely resembles the skgrn

deposit at the North Ealdy Peak mine.

Argillization

Clay alteration of feldspar is common throughout the study area.
Hypogene zlteration of feldspar is generally restricted to rocks close
to faults or intrusive contacts whereas supergene alteration occurs over
a wider area. Local bleached or argillized zonés are adjacent to fanlt
zones or next to mafic or white rhyolite dikes at the surfacei

The most intense argillic alteration-is a zone 400 feet'east-
west by 750 feet north-south in sec. 21, T. 35., Re 3W., 1.5 miles south-
east of North Baldy Peak (Fig. 24). The northwest-trending zone is
almost entirely within the middle Spears Formation. The presence of
5oxwork structures after pyrite as well as goethite staining of the rock
indicate there was a high amount of iron sulfide present before o%i~ |
dation. The acidic solutions resulting from the oxidation of the pyrite

may have resulted in clay alteration of the rocks.,

Sericitization

Sericite alteration of feldspar is common in the intrusive and
voleanic rocks in the study area., The vwhite rhyolite dikes, in partic-
ular, are characterizéd by a quartz-sericitic groundmass and quartz-
sericite replacement of the feldspars. As ﬁuch as 0.5 percent pyrite is

assocliated with the quartz-sericite alteration. The association of
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white rhyolite dikes with the exposed stocks and the suggestion that .
they used the same conduits as the mineralizing and altering solutions

would argue for the alteration to be hydrothermal.



ECONOMIC GEOLOGY

The study area overlaps by + mile the southeast corner of the
Magdalena mining district, which pfoduced over $52 million in zine, lead,
copper and silver (Chapin and others, in preparation). Most of the
production came from limestone replacement deposits in the Xelly Lime-
stone adjacent to the southern exposure of the Oligocens stocks and
adjacent to the Late Oligocene north-nﬁrthwestwtrending fault zone
wherein lies the main ore zones, lost of the copper ore was produced.
from the northern part of the MHagdalena mining district between the -
Nitt stock and the town of Kelly. Zinc-lead replacement deposits occur
along the north-northwest main ore zone iﬁy£ﬁe Linchburg mine, 2 miles
south of any exposed stock.

The presence of a buried stock underlying the ;outhern portion
of the distriet has been predicted for many years {Loughlin and
Koschmann, 1942, Titley, 1958, and Austin, 1960), One of the purposes
for mapping in the central Magdalena !Mountains was to better evaluate
the possibility of the presence of a buried stock in the southérn Migda—
lena mining district. The presence of another mineralizing cen£er in
the southern portion of the district would make limestone rep}acement

deposits or a porphyry copper deposit definite targets for exploration.

“Mineral Occurrence

Mthough mining interest in the central Magdalena Mountains began

in 1869 (Jores, 1904, p., 126), there has been only minor mineral
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production. Smith {private report, 1953) reported as of 1952 only a
total of 784 tons of ore, which included 0.21 oz. of hu/ton, 2;26'02.
of Ag/ton, C.81 percent Cu, 7.99 percent Fb, and 39 percent Zn, being
produced from the central Magdalena lMountains. In recent years there
has been virtually no mining. The occurrence of mineralization in the
central Magdalena Mountains has been briefly described by Vells (1918,
ps 71-74) and Lasky (1932, p. 46-53), who called it the VWater Can&on
mining district.
. Mineralization preseni can be divided into four genetic types:
1) zine, lead:- and copper, 2) gold, 3) ménganese, and 4) barite and
fluorite. The Water Canyon stock is barren of mineralization as are the
rocks in contact with the intrusion. |
" The base metal deﬁosits of zinc, 1eéd. copper andusilver oceur
as limestone replacement deposiis, primarily in the Kelly Limestoﬁe
along fault zones. The reputation of the Kelly Limestone as the ore-
bearing h;rizon in the Magdalena mining district resnlted in nwwerous,
mostly non-productive prospect pits in the Kelly Limestone throughout
the central Magdalena Mountains., '
Mineralization and alteration in the central Magdalena Mountains
are best developed in the North Baldy Peak area, The North Baldy Peak
mine located on the southeast shoulder of North Baldy Pezk in sec, 17,
T 3S., R. 3., (Figure 24, in pocket) is developed in an andradite-
diopside skarn of the Kelly Limestone with associated zine, lead, and
copper sulfides, No estimate of the tonnage produced is available, but
the extent of the workings would indicate production was minor. The

skarn occurs at the intersection with the northern fault of the Horth



97
Fork Canyon fault zone and a north-northwest~trending fault, which is
occupled bty a white rhyeclite dike. .

The E1 Tigre mine is located in sec. 21, T. 3., R. 3W. (Fig.
24), approximately 1 mile éoutheast of North Ealdy Peak. The min; was
a small scale operation developed along the southern fault of the Norfh
Fork Canyon fault zone. There is no skarn alterétion present but silic-
ified fault zones at the contact of the Madera Limeétone with the
Frecambrian argillite are present. Mineralization consists of galena,
sphalerite, barite, and rarely chalecopyrite. White rhyolite and latite~
monzeonite dikes are common-in the area but no major intrusive body is
exposed.

The southernmost exposure of any appreciable amount of minerali-
zation 1s found in the Euckeye mine developed in éhe Xelly Limestone and
Jocated on the divide‘between Copper Canyon and Water Canyon in sec. 27,
Te 35., REv 3, {Fig. 24), Southeast of the Buckeye mine, the Kelly
Limesfone is truncated and downthrown on the east side of the YWater Can-
yon fault zone. According to Smith (privaté report, 1953}, small pockets
of ore confined to the Kelly Limestoﬁe were produced along fault zones
- in the Buckeye mine. Silicification of the limestone is the only alter-
ation present. There is only one record of shipment in 1917 of 53 tons
containing 0.02 oz. Au/fton, 2.79 oz. Ag/ton, and 5.57 percent copper,

No other records of shipments can be traced directly to the Buckeye mine
although minor prgduction may have continued, Excépt for the Water Can-
yon stock located 1.5 miles to the north and local white rhyolite and

latite~monzonite dikes, there are no major intrusions in the mine area,
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South of the Paleozoic exposures, base metal mineralization is
almost absent. Local traces of malachite are found along fhe north;
northwest-trending faults, but, become absent in the southern part of
the study area. Minor amounts of chrysocclla are found in prospeét
pits southwest of South Baldy Peak along fault zones.,

Igneous intrusion and mineralization followed the emplacement
of the Datil Group during Late Oligocene time., The stocks in the Mag-
dalena mining district penetrated the volcanic rocks and may have risen
to within 1000 feet of the surface. To the south the Vater Canjon stock
and the buried stocks underlying the Linchburg--North Baldy Feak area
and North Fork Canyon stopped within the p?eavolcanic rock surface.
Erosioen has uncovered both the stocks and the spatially éssociated
mineralization in the Magdalena mining district. However, erosion has
not uncovered the buried stocks in the central Magdalena Mountains where
only sparse mineralization is present. WMineralization may be assoclated
with buried stocks and exist in greater guantity with depth in the
Paleozoic rocks underlying the wolcanic rocks in the central Magdalena
Mountains.

Gold and manganese occur in the south and east portion of the
central Magdalena Mountains to the south and east of the zine, lead, ard
copper mineralization. Siliceous gold veins are present at the crest of
the range 3 miles south of North Baldy Peak in sec, 31, T. 35., R. 3W.
(Fig. 24). The gold occurs as a trace element and‘locally as specks less
than 2 mm, in size within pyrite cubes that are on the silicified walls

of a white rhyolite dike.




99

Repoftedly, gold has also been mined from the Timber Feak mine |
in secse. % and 5, T. 45., R. 3., (Fig, 2&) approx&mately 1.5 miles
east~southeast of South Baldy Peak. According to Jones (1904, pe 127)
gold and silver values were obtained in the early 1900's from limited
production along fault zones., The mine is located at the intgrsection
of the cast-trending South Canyon fault and a north~northwest-trerding
fault. No visible mineralization is present but cross-cutting silica
veinlets with pyrite oxidizing to goethite are present and restricted
to the Hells Mesa Formation on the north side of the South Canyon fauls.
The lack of silica velnlets or goethite in the younger Siymile Canyon
»formation on the south side of the South Canyon fault suggests that
the silica and pyrite may have bheen introduced into th= Hells Mesa
Formation before the emplacement of the younger Sixmile Canyon volcanics.

The South Canyon fault developed after the extrusioﬁ of the
Hells Mesa ash flow. Fumarolic activity assoclated with the terminal
activity of the Hells Mesa ash flow eruption may have resulted in the
emplacement of silica veinlets, pyrite, and possibly gold. It is:
diff;cult to determine whetiher %he gold mineralization was introduced
during the fumarolic activity along the South Canyon fault or during the
main period of Oligocene mineralization along the north-northwest-trend-
ing structure. The mine workings are parallel to the north-northwest-
trending structure suggesting that the gold mineralization was localized
along the north-northwest-trending fault.,

Manganese occurrences are common-in the eastern and southern
portion of the central Magdalena Mountains. A number of manganese minéé

develoy»d along north-northwest-trending structures oeccur in the éouthern
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half of the range as well. A manganese wmine located in sec. 26, T. 33.,
ko 3We (Fig. 24) of Water Canyon produced 854 tons of over 40 percent
manganese from 1914 to 1918 (Vells, 1918, p. 72). The ore is mostly wad,
but also contains some psilomelane and manganiferous cédleite. The mine
is developed in a block of Timber Peak rhyolite surrounded bty Popoitosa
Formation debris fallen from the overhanging cliffs. The mineralization
was emplaced along a Late Cenozoic northwest~trending fault that dis-
placed the Fopotosa Formation southeast of the Water Canyon mine, If this
interpretation is correct, then the manganese mineralization is younger |
than the main périod of late Oligocene mineralization. The younger age
corresponds with Pliocene dates for manganese ﬁineralization obtained
by Weber (1971} in the Luis Lopez manganese district located in the
Chupedera Mountains, 10 miles east of the lMagdalena Mountains. Only more
detailed mapping and correlation of dated events will help to determine
whether both areas were affected by the same period of manganese minergli-
zation.

Earite'occurs along fault planes throughout the central Magda-
lena Mountaing., Barite is most common in the North-Baldy Peak area
where it is associated with minor amounts of fluorite. Minor amounts
of barite occur along Late Oligocene faults and the walls of white
rhyolite dikes south of the Paleozoic exposurcs. Barite veins, as wide

as 3 feet, and gnaritz veinlets occur along the Water Csnyon fault zone.

Controls of Mineralization

The factors which controlled mineralization in the central

Magdalena Hountains wee the same that affected the Magdalena mining
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district. A review of these factors is no% presented in order to aid
future mineral exploration.

The age of mineralization is Late Oligocene lased on its as-
sociation with the 28 to 36.5 m.y. stocks in the Maydalena Mountains.
Mineralization, with the possible exception bf manganese, was the last
event to affect the area prior to the uplift of the Magdalena lountains.
Chapin (1971-a) reported a younger period of lead-silver mineralization
eutting the 23.8 m.y. La Jara Peak Formation in the southern Bear Moun-
tains. Thls second period of mineralization appears to be minor, and
there is no evide£ce of it affecting the Magdalena Mountains.

Mineralization occurs primarily as limestone repiacement deposits
in.the Mississippian Kelly Limestone, the first favorable horizon above
the Precambrian rocks conducive to sulfide mineraliration. The over~
lying Pennsylvanian quartzites, shales, and limestones locally contained
minor ore and may have acted as a relatively impermeable capping foreing
the solutions to move laterally through the Kelly Limestone.

The main structural control was the Late Olipocene, north-
northwest-trending fault zone which controlled the emplacement of the
Oligocene stocks and dikes and provided the conduits for the ascent of
the hydrothermal solutions, The stocks intrude the north-northwest-
trending fault zone and are not faulted by it. Intrusion into the north-
northwest-trending zone caused the northerly alignmont of the stocks in
the Magdalena mining district (Loughlin and Koschmann, 1942, plate 2) -
and the N, 10° W. alignment of.dike rocks, particularly the white rhyolite
dikes that are common in the central Magdalena Mountnins. Thé main ore

zone containing zinc-lead mineralization in the Linchhurg mine, 2 miles
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south of the exposed Oligocene stocks, parallels the north-northwest—
trending structure. Other pre-existing structures such as the N.'BOO Ve
North Fork Canyon structure appear to have aided in stock and dike
emplacement., | |

The spatial assoclation of the mineralization with the Oligocene
stocks demonstrates the magmatic control of ore deposition. Future min~
eral exploration should be directed toward the finaing of wmore stocks
because of possible mineralization in the adjacent bedrock or in tﬁe
intrusion itself.

Eased on these controls certain guidelines can be used to de-
fine areas underlain by these stocks. The north-northwest-trending
structural zone controlled the emplacement of the stocks and exploration
should be carried out aloﬁg this zone for p&fential buried stocks.

White rhyolite dikes, because of thelr spatial association with ex-
posed stocks in the Magdalena mining district (Loughlin and Koschmann,
1942, plate 2), may be surface indicators of buried stocks.

Ateration of the volcanic and sedimentary rocks can be as~
cribed to the exposed or postulated buried intrusions. Propylitic
alteration is widespread in the Spears Formation in the Magdalena min-
ing district but becomes more restricted along the north-northwest-
trending structures in the central Magdalena Wountains. This decrease
in alteration in the central Magdalena Mountains could signify distance
from the source area or contrasting rock typss. Jasperoid replacement
of the Kelly Limestone is common in the Magdalena mining district but
is present only in the North Baldy Peak area of the central ¥agdalena

Mountains, The Frecambrian argillite exposed in sec. 1€, T. 35., R. 34,
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is part of a north-northwest-trending horst block that is almost totally
replaced by silica. This is the most-complete.aiteration of the argil-
lite anywhere in the Magdalena Mountains. Farther to the south, silica
veins trending north-northwest cut the voleanies and locally totally
replace them,(sec. 17, T, 35., R. 3., 0.5 mile southeast of North Ealdy
Peak, Fig. 24). Silicification becomes less: common farther to the south.

Silication is possibly another indicator of a buried stock,.
Pyrométasomatic deposits oceur adjacent to north~northwest-trending
structures in the Linchburg~-North Ealdy Peak area, 2 to 3 miles south of
the exposed stocks in the Magdalena mining district. The pyrometasomatic
deﬁosit in the Linchburg mine north of the study area and a small skarn
deposit on the southeast limb of North Raldy Peak'suggest a possiﬁle
local source for tﬂe altering solutiénsl “ﬁéth deposits may be the re-
sult of hydrothermal solutions emitted_from an intrasion underlying the
Linchburg-torth Baldy Peak area. East and south of the Linchburg-North
Baldy Peak area silication is absent. However, siiicification is pre-
sent in these areas suggesting é greater distance from the source of the
altering solutions.

Zinc-lead-copper-silver mineralization occurs predominately in
the northwest portion of the Magdalena Mountains whereas gold and
manganese are mainly in the central Magdalena Mountains. Any zoning_
model is complicated by the presence of multiple plutons, exposed or
inferred, each of which could be the source for local hydrothermal
solutions. MNonetheless, a general zonation does appear to be present.
Most of the copper mineralization is adjacent to thé exposed stocks in

the Magdalena mining district with local, minor occurrences farther to
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the south in the central Magdalena Mountains. Zinc—lead.occur in lime~
stone replacement cdeposits as far south as the Buckeye mine in thé
central Magdalena Fountains. The arsas of greatest concentratlion of
lead-zinc mineralization are adjacent to the Oligocene stocks and in the
Linchburg mine. Tungsten is anomalously high in the viecinity of the
Linchburg mine {Austin, 1960) occurring as scheelite in the pyrometa-
somatic ores along a north-northwest-trending fault. Minor values of
gold occur in the ore and jasperoid deposits in the Magdalena mining
district. Gold also oceurs in siliceous veins cutting voleaniec rocks
in‘the central Magdalena Mountains, peripheral to the major zinc-lead-
copper deposits in the northwest portion of the range., OSilver is as-
sociated with the galena in the Magdalena miging district. Manganese
miner%lization is peripheral tc the Magdalena mining district cutting
volecanic rocks in the eastern and southern foothills of the Magdalena
Mountains. Some of the manganese may be younger than the main period
of zinc-lead-copper mineralization and, therefore, may represent 2
ﬁapara£e period of mineralization.

Two different source areas for wineralizing fluids are definable
on the basis of alteration and mineral assemblages. The northern area
is adjacent to the Nitt stock in the Magdalena mining district where a
- pyrometasomatic mineral assemblage with associated sulfide minerals ex-

tends from the Linchburg mine to the North Baldy Peak area overlapping
into the central Magdalena Mountains, The Linchburg~Horth Baldy Feak
"area is considered to be a contimuation of the main ore zone from the
Magdalera mining district, Fluids from a buried stock underlying the

Linchburg-North Baldy Peak area rose along the north»northwest—trendihg
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faults mineralizing the Kelly Limestone much the same way as in tha

northern area adjacent to the Nitt stock.



GEOLOGIC HISTORY

Precanbrian to Middle Cenogoic

The deposition of impure argillaceous and guartzose sediments
during Precambrian time was followed by a regional metamorphism result-
ing in the formation of argillite in the Magdalena area. The low-grade
metamorphism could have been at least in part due to the intrusion of a
granite. Tilting of the metasediments to the northeast marked the end
of Precambrian orogenic activity.

Isopach and facies maps drawm by Kottlowski (1965) show that
during Early and Middle Paleozoic time, central Hew liexico was a positive
area, It is presumed that the extensive erosioﬁ and levelling of the
Precambrian terrain took place during this time. A marine basin ex-~
isted in southwestern New Mexico during the Barly and Middle Paleozoie,
but not until the Mississippian Pericd did shallow epicontinental seas
transgress northward across the Magdalena area, depositing the Xelly
Limestone (Armstrong, 1943). TFollowing the deposition of the Kelly Lime-
stone, Mississipplan seas withdrew toward the soutﬁ, allowing wide-
spread erosion to occur during Late Mississippian to Early Pennsylva-
nian time,

The geography of west-central New Mexico changed greatly in
Pennsylvanian time (Kottlowski, 1965). Seas transgressed from the north
depositing marine limestone, guartzose sandstone, and shale of the Mag-
dalena Group., The 2350 foot thickness of Magdalena Group in the central
Magdalena Hoﬁntains suggests that the Lucero-San Mateo Easin was one
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large, north-trernding channelway instead of two distinet tasins separated
in the Magdalena area as proposed by Kottlowski (1965). In EarlyﬁPermi»
an time, terresirial sedimentation ensued with the deposition of red
shale, siltstone and sandstore of the Abo Férmation.

No‘sedimen{ary record of Mesozoic strata exists in the Magdalena
Fountains., Lithofacies and isopach maps (Kottlowski, 1965) indicate
that Late Permian, Triassic, and Late Cretaceous strata were deposited
in the Magdalena area, but erosion during Mesozoic and Tertiary time
has removed them,

The Magdalena area is situated on the northwest flank ;f a
major Late Cretaceous-Farly Tertiary uplift (Chapin, and others, in
preparation)., The outline of this major Laramide upliit is poorly known
and is determined by locating areas where the Eocene Baca Formation
overlies the Upper Cretaceous Mesa Verde Group. Using this evidence,
present data indicate the major Laramide uplift is bordered to the
north in the Joyita Hills, to the west in southern Gallinas Range, to
the east in the Socorro Mountains and to the south on the southwest
flank of the San Mateo Mountains (Chapin, and others, in preparation).

| Uplift and tiiting of the Magdalena area during the Laramide
orogeny were followed by erosion and beveling of the area: during Eocene
time. The removal of the Abo Formation in the Vater Canjon area and
the variable thickness of the Madera Limestone resulted from eresion
during Eocene time,

Cenozolc volcanism began in the Magdalena area during Early
Oligocene time with the deposition of Spears Formation, the basal unit

of the Datil Group, approximately 37 m.y. a2go. The lower member is a
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volcanoelastic deposit consisting entirely of debris ﬁerived‘from
latitic and andesitic flow rocks of the Mogollon Platéau volcanic pro-
vince to the south and sou£hwest. Imbrication directions taken from
clasts of Abo FFormation within the unit indicate a direction of trans-
port from the southwest., The deposition of the porphyritic ;ndesite
flow, which is the middle memb:er of the Spears Formation in the Magda-
Jena area, represents a temporary break in the sedimentation process
_that was renewed again in the upper Spears Formation. The latitic
volecanic rocks in the upper Spears Formation represent the first em-
placement of ash flows upon the Magdalena area,

Following the deposition of the upper Spears Formation, a
N. 80° U,-trending fault zone develcped., called the North Fork Canyon
fault, which uplifted the northern portion of the Magdalena Mountains

by 1400 feet. The emplacement of the Hells Mesa Formation followed the
ol
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probably moved northward from a source located south of the. study areal N
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formation of the Korth Fork Canyon fault., Quartz latite ash flows

and possibly overlapping the southeast portion of the central Magdalena v
Mountains in the area between Timber Peak and Buck Peak (Fig. 3). The
Hells Mesa volcanics filled the paleovalley south of the North Fork Can-
yon fault zone, eventually covering the escarpment., The erosioﬁ of the
Spears Formation on the upthrown side of the escarpment resulted in the
deposition of volcancclastic sediments between the individual ash flows
"of the Hells Mesa Formation.

The speculated source area of the Hells Mesa Formation between
Timber FPeak and Euck Peak, which is covered by younger volecanies, is

based on the following observations, The rapid increase in thickness
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of the Hells Mesa ash flows southward, from less than EOO'feet weét of
North Baldy Peak at sec, 18, T. 3N., R. F/. to 3850 feet, three miles
south of Lorth Ealdy Peak,. may indicate proximity to the source in the
southern portion of the study area., The extrusion of the voluminous ash
flows occurred along ring fractures which developed into faults follow-
ing the collapse of the roof overlying the Hells Mesa magma chamber.
The South Canyon fault is considered to be a ring fault which truncates
the Eells Mesa Formation and allows volcanéclastics and andesite flows
of the Sixmile Canyon andesite to fill the collapsed caldera overlying
the source area of the Hells Mesa ?ormatione

The lack of megascopie lineation in the Hells Mesa Formation ex-
posed in the central Magdalena Mountains prevented flow directions to
e determined. However, in the southern éé;r Modntains.‘north of the
Magdalena Mountains, Erown (1972) dgtermined from flow structures that
the source area for the Fells Mesa Formation may have been to the south
of the town of Magdalena.

The Sixmile Canyon andesite was probably deposi{ed in a caldera
that formed by collapse along ring faults such as'the South Canyon fault
following the eruption of the Hells Mesa ash flow., The steep, unstable
walls of the caldera underwent caving and avalanching, depositing and
filling the caldera with volcancclastic sediments. A shallow, calm lake
of limited aerial extent formed during this time on the caldera floor
depositing minor limestone. MNost of the filling,of_the caldera, however,
was the result of the deposition of andesitic flows. There is no

evidence for resurgency in the Fells Mesa caldera.
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Pyroclastic volcanism in the central Hagdalena‘Mountains was
ranewed with the emplacement of the Sawmill Canyon formation, and was in
part &erived from a source area located in the northern San Mateo ﬁoun—
tains, southwest of the Magdalena Mountains (Deal and Rhodes, in press).
In the Sawmill Canyon area of the central and southern Magdalena Moun-
tains, the Sawmill Canyon formation is exposed over a large area and in-
creases greatly in thickness.0'¥;;‘dip of the Sawmill Canyon formation in
Sawmill Canyon varies from 450 east to nearly vertical and the strike is
generally north, The widespread aerial distribution, the éreat thick- -
ness, aﬁd the steep dips of the Sawmill Canyon formation could indicate
another source area located in the southern Magdalené Mountains and over-
‘1apping inte the southwestern portion of the cenpral Magdalena Mountains
. between Langmuir Laborator& and Timber Peak (Fig. 3).

Following the emplacement of Sawmill Canyon formation, the South
Canyon fault between Timber Feak and South Baldy Peak was reactivated
and downdropped the area south of the fault. Andesite lava flows coupled
with minor ash flow tuffs and volcancclastic sedimentary rocks composing
the South kaldy Feak andesite filled the depression south of the reacti-
vated South Canyon fault., The South Baldy"andesite may have been de-
rosited in a caldera formed by the collapse of the roof overlying the
Sawmill Canyon formation magma chamber located in the southwest portion
of the central Magdalena Mountains and inte the southern Magdalena Moun-
tains.

The final pyroclastic event that effected the central Magdalena
Mountains was the emplacement of the Timber Peak rhyolite, whose source

area is in the Mt. Withington area of the northern San Mateo Mountains
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(Deal and Rhodes, in press). During Late Oligocene time the central
Magdalena Mountains were faulted and tilted aleong a north-northwest-
trending zone along which dikes and stocks intruded. These stocks range
in age from 28 to 30.5 m.y. giving a minimum age for the formation of
the‘fault Zone as fell as the cessation of pyroclastic vélcanism. As-
sociated with the Oligocene igneous activity was the mineralization and
alteration that affected the Magdalena mining district and the central

Magdalena Mountains.

Late Cenozoic

The Late Cenozole geologic history of the Magdalena Mountains
‘can best be determined by the depositional and post-depositional history
of the Popotosa Formation. The Popotosa Formation resulted from the
erosion of the highlands, producing the bordering coarse-grained sedi-~
ments of alluvial fan deposits intertonguing with the finer-grained sedi-
ments of playa devosits (Fig. 25). The original size and shape of the
Popotosa Lasin can be only partially reconstructed, but according to
Bruning (1973, p. 108), it extended north-south at least 30 ﬁiles from
the Magdalena Mountains to the Ladron Mountains and at least 35 miles in
an east-west direetion. The deposition of the Popotosa Formation began.
about 24 m.y. ago during the emplacement of the La Jara Peak Formation in
the Bear Mountains and ceased in the Socorro Peak area before the ex-~
trusion of flows approximately 11 m.y. ago.

The original Popotosa Fasin was modified by uplift of the ances;
tral Magdalena lountains during the time of Popotosa deposition. Uplift

of the ancestral Iagdalena Mountains began after the emplacement. of the
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La Jara Pealk Formation, Detritus derived from the dip slope of La Jara
Peak Formation capping the north end of the Magdalena iountains wés shed
north and west forming the distinctive fanglomerate of Dry lLake Canyon,
a facies of the Popotosa Formation (Bruning, 1973, p. 94). A long peri-
od of erogion ensued until finally the Magdalena Hountains were buried
beneath their own debfis. Rhyolite lavas from a vent at iagdalena Peak
overlie fanglomerates of the Popotosa Formation west of the }Hagdalena
Mountains (Fig. 25). These 14 m.y. flows (Weber, 1971) suggést that de-
gradation of the lagdalena Mountains cceurred at least up until that time.

Following the depositioﬂ of the %opotosa Formation in Mioccene
time, west-central New Mewxico underwent a tecﬁonic adjustment after the
. cegsation of voleanic ccotivity in the Socor?p Peék area about 11 m.y.
(fig. 26). The original Popotosa Basin was subsequently disrupted by a
number of intrabasin horsts such as the Magdalena Mountains, the Eear -
Mountains, and the Socorro-lemitar lMountzins.

Uplift of the Magdalena Mountains may have begun shortly'éfter
the emplacement of the 14, m.y. Magdalena Peak rhyolitic lavas, and
almost certainly after the 11 m.y. Socorro Peak lavas. The entire Popo~
tosa Formation was removed from the northern Hazgdalena Mountains exposing
Paleozolic and Precambrian rocks. Thé north end of the Magdalena Foun-
tains was located zt least as far north as Bear Springs canyon along the
east side of the present Bear Mountains (Bruning, 1973) but was down-
faulted north of U.S. Highway 60 along the San Augustin lineament
(Fig. 26).

Continued uplift in Pliocene and Quaternary time has allowed the

erosion of much of the Popotosa Formation in the central Magdalena
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Mountains. The fanglomerates, which crop out between South Ealdy Peak
and Langmuir Laboratory, and at Vater Canyon ¥esa, represent the éem~
nants of the Popotosa formation. The Popotosa Formation in the central
lagdalena Mouniains has been greatly reduced in volumne and aerial ex-
tent. Uplift of the Magdalena Mountains since Pliocene time along
basin-range faults has been as much as 5,000 feet in elevation relative

to the bordering basins.




LATE CENOZOIC TECTONIC SETTING

The purpose of a physiographic classification is the ready
characterization of large areas for identification, comparison, and con=
trast., Such a eclassification is based on geologic structure and geo~
morphic stage. A physiographic classification that does not set an area
into its correct structural or topographic setting defeats its purpose.
If the physiographic province includes areas of stfongly contrastipg
structures, it becomes misleading. |

West-central New Mexico has been divided into the Colorado
Plateau physiographic province and the Mexican Highland section of the
Basin and Range physiographic province (Eardley, 1962). The Magdalena
Kountains are lécated within the Basin and Range physiographic prov-
ince and are édjacent to the eastern edge of the Colorado Plateau
physiographiec province. The Easin and Range province in west-central
New Mexico is characterized by generally north-trending mountain ranges
and basins forming a structural and topographic depression known as

the Rio Grande graben.

Colorado Platean

The Colorado Plateau province is located west and north of the
Magdalena Mountains and occuples a rectangular area of almost 150;000
square miles within northwestern New dexico, northeastern Arizonas, sou£h~
eastern Utah, and southwestern Colorado. The Colorado Plateau is char-~

acterized by flat-lying sedimentary rocks greater than 10,000 feet thick
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and is berdered on all sides by belts of Cretaceous and Farly Tertiary
folds and thrusts (Gilluly, 1963, p. 156).

Fitzsimmons (1959) differentiated the Colorade Plateau province
of west~central New Mexico into the Lucero uplift, the Alcoma embayment,
and the Mogollon slope (Fig. 27). The Mogollon slope is not a single
geomorpihic feature but is rather an area of individual ranges, including
the Gallinas Mountains and the San Matee Mountains. -

A1l of west-central New Mexico underwent a similar tectonic
development through the Middle Tertiary, including the emplacement of
Oligocene volcanics and intrusives., Eeginning in Late Cenﬁzoic time,
the present physiographic separation of.west~central New Eexicé resulted
from the Colorade FPlateau acting as a relatively stable crustal block
while the Ekasin and Range province underwent differential movement and

block faulting.

Easin and Range Province

The Tasin and Range province has become the type area for a
structural pattern commonly called basin-range or fault-block structure.
'hat is commonly referred to as the Pasin and Range type of structures
is actually only one of various types of structures found in the prov-
ince. DMountain ranges resulting from structural anticlines with adja-~
cent basins teing structural synclines are also present. Domal
intrusions formed other mountain ranges. Horst and graben type of

structures characterized particularly by the Rio Grande graben occur

within the fasin and Range province. From the diverse structure present,
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the term Fasin and Range truly describes a gross physiographic aspect,

and no general explanation of the structure is possible.

Historical Sketch

The origin of the-Easin and Range topography and its structural
implications have long been debated among geélogist. King (1870) inter~
preted the mountains in Nevada and western.Utah as erosionél remnants of
Late Jurassic felds. Ee assumed that tﬁe mountains of the Fasin and
Range province were similar 1o those in the Valley and Ridge province of
the Applachian Mountains in appearance, but he attributed thé differences
in topography to different climate conditions under which the‘tWO moun-
tain areas developsed. |

Gilbert (1874) concluded from the geomorphic evidence in Nevada
and western Utah that the mountains are hordered on one or both sides by
faults and have been raised and/or rotated above the intervening basins
in relatively recent geologic 'time, He inferred that Basin and Range
tobography was caused directly by Late Cenozoic faulting, the effects of
vhich are sfill manifest -in the modern landscape. Davis (1903) supported
Gilbert's theories and systematized observations for the recognition of
an area’s geomorphic stage of development.,

The genesis of the mountain ranges in the ﬁexican Bighland sec-
tion of the Fasin and Range province is equally controversial. Cserna
(1969) considered the overwhelming majority of thé mountain ranges in the
north-central Chihuahua to be compléx anticlines whereas the intermontane
basins are synclines filled with Late Tertiary sediments. ﬁe noted that

map evidence is scarce to prove the presence of faulted blocks. - However,
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Tuan (1962) characterized the Fasin and Range province of Arizona and
Rew Mexico as faulted mountain ranges separated by structural troughs
developed since post-Pliocene time, He suggested the presence of
erosional suriaces in correlatable layers across the San Pedro River in
southeastern Arizona and the Rio Grande in New Mexico indicate the

tectonic instability and active uplift of the Basin and Range province.

Rio Grande Graben

The Rie érande graben is the dominant feature of the Pasin and
Range province of west~central New Mexico. The Rio Grande graben is a
structurally and topographic low area that divides New Mexico in half.
It trends north-northeast for about 600 miles from northern Chihuahua,
Mexico to north of Leadville, Colorado (Chapin, 1971-b). FElock faulting
charaéterizes the Rio Graﬁde graben which consists of generall& north-
trending mountain ranges and basins arranged in an en echelon manner,

Eryan (1938) described the geology of the Rio Grande valley and
noted the offset of the'Miocene Sante Fé Group by Late Cenozolc faults.
Kelley (1952) showed the depression fo be a series of en echelon north-
trending'grabens along the course of the Ric Grande. In central New
. Mexico ¥Kelley (1952) restricted the Rio Grande graben to a narrow con-
striction, which did not include the Magdalena Mountains.

Chapin (1971-b) noted that the south end of the Rio Grande graben
appears to widen and splay out into the Rasin and Range province of
southern New lexico and that the north end tapérs to a narrow depression
along the upper Arkansas Valley in Colorade. He suggested that the Rio

Grande graben may represent a rift formed by crustal attenuation as the
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Colorado Plateau moved west-northwestward away from the continental ir-
térior. Based on fossils in basal alluvial fill ahd K-Ar dates on
interbedded volcanic rocks Chapin (1971-b) argued that bloek faulting
began at least 18 million years ago.

Results of the-aqthor's study have established a basis for the
placement of the Magdalena Mountains into the.Rio Grande graben of the
Isasin and Range physiographic province. The Magdalena Mountains are a
north-northwest~trending uplift formed by Late Cenoczoic block féulting,
approximately 14 m.y. ago, The renewal of uplift of the Magdalena Moun-
tains in Holocene time is suggested by scarps in the pediment gravels on
the northeast side of the range, the entrenchéd‘stream in Water Canyon,
and the steep slopes and landslides. The horst is bounded on the north-
east by Snake Ranch Flats, on the north-nérthwest by the Bear Mountains,
and on the west by the Mulligan Guleh graben (Fig. 27). A topographic
relief of 5,000 feet by the Magdalena Mountains is the greatest in west-
central New Mexico. |

Other prominent features in the Magdalena area included within
the Rio Grande graben are the Fear Mountains, a westward tilted block up-~
lifted by Late Cenozoie faulting (Brown, 1972). The Snake Ranch Flats
has been downfaulted against the Bear Mountains and the Magdalena Moun-
tains on the west and the Socorro-Lemitar lountains on the east., Late
Cenozoic sediments eroded from the neighboring uplifts have filled the
basin (Debrine, Spiegel, and Williams, 1963). Mulligan Gulch graben
separates the San Mateo Mountains and the Gallinas Moﬁntains on the west

from the Lear Mountains and Magdalena Mountains on the east (Chapin and



122
others, in preparation). The graben was formed by Late Cenozoic fault-

ing and contains sediments derived from the bordering uplifts,



CORCLUSIONS

Missigsipplan limestones unconformably o#erlie Precambrian
argillite and graniie in the Magdalena area. During Pennsylvanlan time
a thick seguence of quartzose sandstone, shale, and limestone were de-

' posited in the Lucero-San Mateo Basin., Terrestrial sandstone and silt-
stone were deposited during Permian tiﬁe.

Uplift and tilting of the Magdalena area during the laramide
orogeny was followed by leveling of the highlands during Eocene time.
Erosion removed all of the Mesozoic strata and left only isolated rem-
rants of the Permian strata.

Volecanism began approximately 37 m:j: and ceased 30.5 m.y. ago.
Six distinct volcanic formations make uﬁ the Datil Group and consist of
voleanoclastics, ash flows and lava flows. -A source area for the Hells
Mesa‘Formation ash flows may overlap the southeastern portion of the
central Magdalena lMountains and a source area for the Sawmill Canyon
formation may overlap the southwestern portion.

Following the emplacement of the youngesf ash flow, ithe Magda-
lena area was faulted and tilted by a north-northwest-trending zone of
Late Oligocene age. These faults played a major role in the emplacément
of the Late Oiigocene stoeks, dikes, and served as the conduits for
hydrothermai solutions, which altered or mineralized the adjacent county
rock, The dikes and stocks may be the surface expressions of a much

larger intrusion underlying the northern and central Magdalena Mountains.
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Euried plutons including the North Laldy Pesk-Linchburg steck
may conitain mineralization or replacement deposits adjacent to them.
Possible buried stocks may be defined by alteration and mineralization,
structural control, and diking, particularly the white rhyolite dikes. |

The ancestral Magdalena Mountains were degraded during Miocene
time until they were nearly or completely buried beneath their own
debris. The Popotosa Formation in the Water Canyon and South Ealdy Peak.
areas are remnants of alluvial fans that once covered a much wider area.

The Magdalena Mountains have been uplifted approximately 5,000
feet along bordering block faults. The Mapgdalena Mountains are withiﬁ
the Basin and Range physiographic province and are part of the Rio Grande

graben of west-central New Mexico.
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Figure 24 : Al’reratlon ond mineralization in the cen’rrcl Magdaltena Mountains. I
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