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ABSTRACT

The Water Canyon to Pound Ranch section of the eastern
Magdalena Mountains has had a complex Oligocene to'Miocéne
volcanic history. Three overlapping ash-flow tuff cauldrons
formed here during Oligocene time. The Noxrth Béldy cauldron
formed first in the central range, erupting the Hells Mesa
Tuff K32 m.y.}; no younger cauldron £ill is exposed. TheK'
Sawmill Canyén cauldron (A-L Peak Tuff source) subseguently
collapsed in the southern Magdalena Mountains, overlapping
much of the North Baldy cauldron. The unit of Sixmile Canyon
(andesitic iavas, rhyolitic lavas, iaharic breccias, and
ash-flow tuffs) partially filled this caldera, as did the
Lemitar Tuff which was erubfed from the SBocorro cauldron -
centered in the Chupadera Mountains. Thicknesses of the
Lemitar Tuff (800 to 1500 feet) are also probably controlled,
in part, by Socorro cauldron subsidence. The western Socorxro
cauldron margin is probably a hingg zone in the western part
of this study area where more intense silicification, fault
rotation, and intrusive activity are locallized. The western
part of the Socorro cauldron remained high and received
none of the moat deposits found farther east. Léter
basaltic andesites and the tuff of South Canyon accumulated
to thicknesses as'great as 1000 feet and buried some early
faulting. Graben formation, erosion, and silicic volcanism
(20.0 m.y.) followed on Water Canyon Mesa and a similar

seguence of events (block faulting, erosion, and silicic

vi



volcanism (11.8 and 10.5 m.y.)) occurred later in the Pound
Ranch area. |

Block faulting, beginning before 20.0 m.y. and COntinuinQ
to the present, has produced two distiﬁétive stfuctural
domains in this area. Weét—dipping, down~to-the-west faults
of a southern field of tilted blocks interfipger along éouth’
Canyon with north-trending, nqrth~plunging,graben systems on
Water Canyon Mesa. The structural transition lies over a
projection of the buried Sawmill CanYon cauldron margin
which may control this change.

Plagioclase has been replaced with potassium-rich
minerals in all silicic units oider than 12 m.y., except
along Water Canyon. One or more hydrothermal systems are
envisioned to haﬁe produced'this alteration. Manganese-oxide
mineralization occurs as botryocidal coatings and wvoid fillipgs
in brecciated zones of silicic units throughout the map area.
At least some of the manganese mineralization post-dates
the upper Pound Ranch lavas (10.5 m.y.); alteration of
feldspars in mineralized breccia z&nes suggests that the
mineralization was associated with conduits along which the

hydrothermal fluids circulated.
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INTRODUCTION

Geographic and Physiographic Setting.

This study covers a region of about 25 square miles
in the southeastern_Magdalena Mountains.‘.The center of
the area is located approximately 10 miles southeast of
Magdalena ‘and 12 miles southwest of Socorro in central.
Socorro County, New Mexico. The general location is shown
in figure 1 and the detailed relationships to geographic
and physiographic features, surrounding studies, and roﬁtes
of access are shown in figure 2,

Physiographically, the northern Magdalena Mountains
are a complex, west-tilted fault block with exposures of
Preéambxian, Paleozoic, and Tertiary rocks. -The eastérn
bbundary is a northwest-trending normal fault zone on which
there has been late Quaternary movement. In the centrai
and southern Magdalena Mountains several overlapping cauldrons
greatly complicate the Tertiary veolcanic stratigraphy; no
pre-Tertiary units are expvosed in this part of the range.
Block faulting, partially contemporaneous with the latest
stages éf Oligocene volcanism and continuing to the present,
haé further obscuréd the geoclogic relationships. Four
cauldrons are known to exist at this time in the southern
and central Magdalena Mountains; several detailed studies,

in addition to this one, are in progress (see Fig. 2).
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Figure l: General location map showing relationship
of the study area to major mountain ranges in Socorro
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Objectives.

The primary objectives of this study are: 1} to
‘extend the regional stratigraphic framework déveloped
in the Socorro-Magdalena area into the southeastern Magdalena
" Mountains, 2) to explain abnormal thicknesses, known from
reconﬁaissance, of some Tertiary stratigraphic units in
the southeastern Magdalena Mountains, 3) to provide a
mapped link between the Magdalena and Chupadera mountains,

and 4) to define the western margin of the Socorro cauldron.

Methods of Investigation.

Detailed geologic mapping was done at a scale of‘
1/24,000 on a base consisting of parts of the Molino Peak:
and.South Baldy topographic quadrangles of the U.S. Geological
Survey 7 1l/2-minute series, and an enlargement of part of .
the Magdalena guadrangle of the U.S. Geologiéal Survey
15-minute series. Aerial photographs of the GS-VMA series,
3~-7-56, at a scale of 1/23,480 and U.S. Forest Service "
photographs, 4-13-~71, at a scale of 1/12,000 were used
to locate outcrops and facilitate structural interpretation.
Mapping was done during the summer and fall of 1976 and the
spring of 1977.

Fortyeight thinsections, prepared from samples collected
thrdughout the study area, were used to describe and correlate
rock units. An additional 21 thinsections from measurea
stratigraphic sections of Lemitar Tuff and tuff of Soﬁth

Canyon were modally analyzed. The modal analyses were done



on a Zeiss binocular microscopekuéing a Swift automatic
point counter. At least 1750, and norxrmally -2000 or more,
points per thin section were counted on a rectangular grid
measuring 1/3 by 2/3 mm. All thin-sections for modal
- analysis and some of the other thin-gections were stained
for potassium with sodium coba}tinitrite using standard
procedures {(Deer, Howie and Zussman, 1966, p. 311). However,
etching times were increased from 15 to 20 seconds to 60 to
90 seconds. Petrographic rock names are from Travis (1955}
.and colors reported are from the GSA Rock Color Chart.
Samples for radiometric dating were collected from
three lava units within the ared and several units were
sampled for chemical analysis. At this time, all threé of

the dates and five partial analyses are available.

Previous Work.:

The earliest mention of the area is by C. H. Gordon
(1910f who briefly described mineral deposits west of
Water Canvon. BE. H. ﬁells (1918) reported on the occurrence
of manganese in "chocolate~colored" rhyolite (tuff of South
Canyon) én the east side of Water Canyon.

Several detailed geologic studies have been conducted
in or near the eastern Magdalena Mountains. A. T. Miesch
(1952) mapped the Luis Lopez manganese district in the
northern Chupadera Mountains and A. L. Gentile (1953)
studied rhyoliée genesis in the central Chupadera Mountains.

P. Kalish (1953) mapped and described the geology of the



Water Canyon area. All three of these studies were done
before ash-flow tuffs and cauldrons were well known;
consequently, most §f their interpretafions must be revised,
althoﬁgh outcrop areas and contacts are generally accﬁrate
on their maps. ‘

D. A. Krewedl (1953) mapped and described the geoclogy
‘of the central Magdalena Mountains, including the western
edge of this study. R. M. Chamberlin (in progress)} is
mapping the central and southern Lemitar, Soco;ro, and
northern Chupadera mountains; P. Allen, S. Bowring, and D.
Petty are presently mapping areas west of this study in
the central Magdalena Mountains.

In addition to studies adjacent to or overlapping this
project, many workers have contributed to uﬁderstanding the
Tertiary stratigraphy in the Socorro—Magdalena area. The
chronologic development of this stratigraph& is shown in
figure 3. References to specific publications are givgn
with unit descriptions in the text and with the graphic
stratigraphic columns (Figs. 4, 5, and 19). Most of these
studies have been carried out under the New Mexico Bﬁreau '
of Mines and Mineral Resources "Magdalena Project" of

which this study is also a part.
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STRATIGRAPHY AND PETROGRAPHY

Pre-Tertiary Rocks.

Precambrian and Paleozoic rocks crop out along the
west side of Water Canyon and extend a short distance into
this study area. General lithologic descriptions and
references to detailed works on these units are given in
figure 4. |

Small outcrops of thinly bedded, fine—grained, Precambrian
metasedimentary rocks are found along and east of the stream
hed in Water Canyon (SE/4, Section 27, T3S, R3W). These
outcrops are bounded on the east by a fault which brings
the Precambrian rocks into contact With the Tertiary Hells
Mesa Tuff. At one location, immediately east of the Water
Canyon stream and road, a short adit penetrates the Precambrian
to a white rhyolite dike in the fault zone; no mineralization
was seen on the dump or in the adit.

South and west of these Precambrian outcrops (NE/4,
Section 34, and SE/4, Section 27, T38, R3W), steeply west-
dipping rocks of the Pennsylvanian system crop out but the
Kelly Limestone (Miésissippian) is not exposed. The interval
between Precambrian and Pennsylfanian rocks is covereé by‘
allunium, but it is probable that the Kelly Limestone was
faulted-out since it is normally reéistant and forms good
outcrops. Neither the upper or lower boundaries of the

Pennsylvanian section are exposed. The lowest exposures
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Figure 4: Precambrian and Paleozoic stratlil
after Chapin, Blakestad, and Siemers, 1974.

LIFESTONESs Thiek, homopeneous seoaquence of lime muds {micriten}
with a few thin beds of prn.s~pgry. to gry., med, to crs.-gad,
quartzite; upper 200-300 ft, connigt of red,grn., and gey.
micritez grading upward Inte arkosie ctrata of Abo Fm, nodular
mierites common throurhout; micrites penerally eray to blk. with
astrata becoming darker and more fossiliferous towards base.

REFERERCES: Laughlin and Kogchmenn, 19423 Kottlowski,1960;
Kottlowski, 1963; Siemors, 1974; Siemers, 1977.

SUALES QUARTZITES,nnd LIMESTONES: gray to blk.,ady., carb.,
shales and siltstones with thin bds. of sry., med.-grd.,
micritic limestones and grn.-gry.to brn., med.-crs.-gnd.
quartzlites. Loughlin and Koschmann {1942} divided the Sandiaz
into six mewbers but lenticular bedding and rapid faciles
changes make this subdivision of limited value.

REFERENCESt Laughlin and Koschmann, 19%21 Kottlewski, 1960;
Kottlowski, 19631 Siemers, 1974%) Siemers, 1977.

LILESTORESt LbegrVe, Med.-cra. snd., thk.-bdd,, erinoidal
sparrites; thn., bd, of dol. miecri%s near middle {(Silver Pipe).

LYMASTONES and CONCGLOMERATESt Zry« pbly,sdy.,mag.,qbz.,
micrites and bagal ark. cgls.

EEFERErEEé: Armgtrong, 19581 Armstrong, 1963; Siewmers, 1974 ~
Tovernatti, 1977.

ARGILLITES, QUARTZITES, and GRANITES: thick sequence of meta-
sedimentary rocks intruded by granites, gabbroz, felgites, and
diabage dikes.

REFERENCESs Loughlin and Keschmann, 1942y White, 1977 Gondie
and Budding, in press.

agranhic column. Column and descriptions

"hiclknesses: Sandia and [Madera after

Siemers, 1977; Caloso and Kelly after Chapin, 1974,
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are in fault contact with Precambrian rocks and the upper
Madera Limestone extends out of the study area. Xrewedl
(1974) reports the Spears Formation (Oiigocene) to overlie
the Madera Limestone immediately to the west on an erosional
unconformity of Eocene age.

The Pennsylvanian rocks consist of a lower Sandia
Formation and an upper Madera Limestone. The_Sandia Formation
is mainly dark, fissile shales with mihor inteﬁbedded
sandstone and limestone beds; the Madera_Limestone is a
thick sequence of gray, micritic limestones with subordinate
shale and sandstone intervals. The Sandia—MaderaKCOntact

was placed at the base of a thick limestone unit above which

' limestone becomes the dominant lithology.

Tertiary Extrusive and Sedimentary Rocks.

The Tertiary sequence in west-central Socorro County
consists of both volcanic and sedimentary units. - The
earliest rocks are arkosic sandstones and éonglomerates of
the Baca Formation (Eocene), which are overlain by andesitic
to latitic volecaniclastic sedimentary rocks of the Spears
Formation (early Oligocene). These are in turn overlain. by
a sequence of ash-flow tuffs and basaltic andesite lavas
{Oligocene to early Miocene) (Chapin and Chamberlin,vl976).'
Regional extension contemporaneous with the later stages
of this volcanism created basins in which clastic sediments

of the Santa Fe Group have accumulated.



The Tertiary rock units are the major emphasis of this
sﬁudy and cover almost all of the area mapped. Oligocene.
units are shown graphically on figure 5 and Miocene to
Pliocene units are shown on figure 19.K Many of these units
have been described by previous workers. For these units
only brief summaries of lithologic descriptions and references
to the previous detailed work are given. More detailled
stratigraphic descriptions are given for those.units unique
to this study area, or for those that vary significantly

from occurrences in previously described areas.

' Spears Formation

The Spears Formation is the oldest Tertiary unit exposed
in the study area. The Baca Formation, of Eocene age,'is
absent since the Magdalena area was a highland during early
Tertiary time and served as a source for Baca sediments
deposited farther north {(C. E. Chapin,'oral communication,
1977).  Several previous studies, including Brown (19272),
Krewedl (1974), Chamberlin (1974), and Wilkenson (1976),
have treated the Spears Formation in detail.

In general, the Spears Formation is a thick sequence
of latitic to andesitic conglomerates, laharic breccias,
and volcaniclastic sandstones with minof interbedded lavas
and two or more interbedded ash;flow tuff units. The usual
sequence of map units in the Magdalena area is a lower,
mixed interval of conglomerates, laharic brecciés, andl

lavas, overlain by a "turkey track” andesite-~tuff of Nipple



A-l. Peak Tuff
)

[intermediote tavas], ASH-FLON TUFFS: rhyolite, rultiple-flow, slngle cooling unit
{see Figure [8) |. tuff; divided inte lover,slightly welded *toiryoidal pumice®,
tuft intermedinta 1lthophynal, ard’ upper ntreaked zomez; orystal-
u poor inerensing to mod. orystal-rich within the lewer atreoaked
of zona, All tuffs are giz.-rloly l-foldopar, pumlocous, ond .
Yithic rieh, Unit corrolative with upper “Potate Canyon Tuff®,
South Canyon Spradlin, 197k4; correlative in part with “upper tuffs®, Simom,
200-6201t 1973; mot corrolative with *Potato Canyon Rhyolite®, Doal, 1973.
262 myn Datod in Joyita Hills (26,2 m.y., sce Appendix A).
basaltic- .
andesltes BASALTIC AFDESITES: Most are La Jars Ponk likey grye, denss
100400 it bosaltic andesitos with abun, small, red, homatized ferromag.
phenocryats and ro feldspar phenoerysts. Some have atundent
W upper elivine and some feldspar plisnorrysts.
L. I erystatrich
5
I member .
i ASH-FLOW TUFFS: rhyolite, multiple-flow, sinple{t) cooling
o [sco-T001 unit. Gry. to rod, l-feldspar, mod, erystel-poor lower member
< ) reseambles A«L Peak but hes wmore abum., med.-gnd.,qitz, and oore
Wl biotite, Dke-red to pur.-pgry., 2-feldspar, qtz.-rich, erystal-
= lower rich upper membor sirengly resembleg ilells Messn but has wors
L [erystat -poor, biotite and fewer orystals, Lover member thick in Socorro
1 tnember cauldron, thin in Lemiter and Boer Mountains. Dated in
= 200-800 1 Lemitar Mts. (26.3 DaY.s seec Apperdix L).
ANDESITE TO BASALTEIC-AXDESITE LAVAS, RHYCLITE BLAVAS, ASE-FLOW
Ll "2? gm,immaig‘ BRECGIAS, and SANDSTOKES: cnulgm; rmngf
ngmuir cauldren; dense, gry. to gry.-pur. sadesite » ne
Sixmile phenocrysts surrounis palesred to pinkish-grey rhyolite lavma
(dome?), and dark-gray te purple, heterolithic, laharic
o Canyon brecciag, Crystalepoor, to mod. crystal-rich, rhyolite, ash-
flow tuff interval and finely laminated, mod.-to welle-sorted,
O/ 1000 -2000 Ao giry and feldspar-rish sendstone occur near top of unit. ¥in
il Jera Peglk 1ike™ basnltic-ondesites overlie these and underlie
Lemitar Tuff,
® .

ASH-FLOW TUFFS: rhyolite, densely wolded, T-foldspar, pumiceous,
tuffs; gry. to red-trn, with grayish-red pumics, Weathers to
small platey talus; pumice lineated at some stratigraphie levele,
Unit believed erupted from langmuir cmuldron; probably correl-

J ative in part with il A-L Peak Tuff. Base not known but unit
tinirally several thousand foet thick.
o Hells Mesa ASH-FLOW TUFSS: rhyolite, multiple-flow, simple cooling unit
Tuff of densely welded, crystal-rich, qtz.-rich, 2-feldspar, massive
tuffa. Pk, to rd.-brn, when frosh, gry. when propyliticelly
altered, ilenthers to blky, bldrs. Basal tuffa aimilar to tuff
. L LR i s G & ¥tn.: obr increass tz 1 1. above 8,
800-1300 41, &’:_“_:“ e of Granit n.; obrupt increase in qiz 10-25 £ ban
g o & T d e b
32 my’ A .
4 ——a ——a —— — s )
s u s ANDEZSITE 1AVAS: dense, endesite laves Wath no phencerysts. pur.
to dri.-gry,. in color, Popsibly minor sndesitle to latitic
= “PF_‘W";VES tonglomorates included,
g T s f ASE-FLOW TUFFS: gtz, latite, multiple-flow, simple cosling unit
T {Min. o-zootls of densely welded, cryatal-rich, giz.-poor, Iithic-rieh, mogaive
= -"-!:r':;e.y_fmcl"' hitffs; rd.=bra, when fresh, derkegrn.-gray when propylitically
14 - uliered, ,
E ond, zmaaut ANDESITE LAVAS: grysh.-rd, to purple porphyritic andeites with
lower large, crudsly flow-aligned plagioclase phenocrysts, Undorlies
o A i e tuff of Kipple Htn, in northorn Magdalona Mis.; tuff not recop-
o [voleanickastic s 507 nized here,
<} intervol CONGLOMEPATES, LAHARIC BRECCIAS, SANDSTOMES, BASALTIC-ANDESITE
1 - to LATITE LAVAS, anl ASH-FLOW TUFFS: volecanielaniie apron of
] 12001 latite to andenite comp.; deposits conrsor ond contain mesrte
. T BT voleanle units upward snd to south. Thin reunents ‘of 27 ash=-

£2av tuffs in Joyite Rills.

Figure 5: Oligocene stratigraphic section for rbcks in the

study area. Graphic section and descriptions modified after
Chapin and Chamberlin, 1976. : ' ‘



Mountain interval. The tuff of Nipple Mountain is overlaln
by another interval of volcaniclastic sedimentary rocks
and intermediate lavas and these, in turn, are overlain
by an upper latitic, crystal ricﬁ, ash~flow tuff — the
tuff of Granite Mountain {(Chapin and Chamberlin, 1976).
Krewedl (1974) mappéd three units in the Spears Formation
of the eastern Magdalena Mountains. These.units were a

- lower interval of volcaniclastic sedimentary rocks and
latitic lavas, an intermediate "turkey track“ andesite,
and an uéper latitic, tuff of Granite Mountain. The tuff
of Nipple Mountain was not recognized.

In the study area, the Speérs Formation crops out in
a strip along the floor of Water Canyon’ (Section 34, T3S,
R3W). All three of the units separated by Krewedl were
recognized in this study area. In most outcrops, however,
the relationships between units is obscured by talus from
the overlying Hells Mesa Tuff.

The lower unit is predominately conglomerates and
laharic breccias with purple or gray, cobble-sized, latitic
clasts in a sandy or muddy matrix. These beds are well
exposed. along the stream_bed in Water Canyon.

The middle, "turkey "track" andesite crops out in a
small outcrop beneath tuff of Granite Mountain east of
Water Canyon in NE/4, Section 34 and along the Langmuiy
Laboratory access road on the western maé boundary. At
both locations the andesites are dérk—grayishrred or

grayish-purple and are deeply weathered. Tabular plagioclase
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phenocrysts as much as 8 mm in length occur in a crude,
subparallel alignment. In thinsection, the plagioclase is
largely altered to sericite and calcite. Many grains

show relict "sieve texture" resorptioﬁ ﬁeatures, The
pilotaxitic groundmass consists of plagioclase microlites
averaging 0.l mm in length, magnetite, and pyroxenes. Most
of the pyroxene and magnetite is altered to hematite.

The overlying tuff of Granite Mountain is highly
altered and deeply weathered in outcrop. The rock is
various shades of yellow, gray or brown and all feldspars
are altered. The tuff weathers to small angular rubble and
forms rounded.slopes. It can be distinguished from Hells
Mesa by its lack of gquartz and the'presence of abundant
pumice and lithic fragments.

Dark-gray or purple, dense, aphanitic, andesitic lavas
underlie Hells Mesa at stream level in Water Canyon aiong
South Canyon trail #15 (SW/4, SE/4, Sectioh.34). "No tuff
of Granite Mountain underlies this exposure and the contact
with Hells Mesa could be a fault. Similar lavas, however,
occur between tuff of Granite Mountain and Hells Mesa west
of Water Canyon (D. Pétty, oral communication, 1977).

In this study, due to limited outcrop areas, all
sedimentary rocks and lava intervals were mapped as Spears

undivided; the tuff of Granite Mountain was mapped separately.

Hells Mesa Tuff

Overlying the Spears Formation is the Hells Mesa Tuff



which was named after a prominent land form in the southern
Bear Mountains (Tonking, l957).l It is a multiple-flow,
simple cooling unit of crystal-rich, densely weldé&, ash-flow
tuff {Chapin and Chamberlin, 1976). The Hells Mesa is
normally 600 feet, or leés in thicknéss but may be as
much as 3850 feet thick in the central Magdalena Mountains
(Rrewedl, 1974) where it £ills the North Baldy cauldron
(Chapin and Chamberlin, 1976). Unrecognized.faulting may
be partially responsible for the greater thickness. An
exposed section east of Water Canyvon (SE/4, Section 34)
indicates the presence of as mugh as 1300 feet of Hells Mesa;
however, a possgible fault and an eroded top make this thickness
véry tentative.

Within the study drea, the Hells Mesa crops out in
a northeast-trending band along the east side of Water
Canyon (Section 3, T4S, R3W, unsurveyed and Sections 34, 35,
and 26, T3S, R3W). Here, the Hells Mesa is bleached to
light-gray, buff or greenish colors, weathefs to small blocky
rubble, and forms steep slopes. Along fault zones, where it
is silicified, the Hells Mesa stands as cliffs above surrounding
topography. Particularly large cliffs occux along a steep
north-trending ridge east of Water Canyon (Section 34). Within
this ridge joints are closely spaced and extrémely erratic .in
attitude; joint planss can be seen to curve from horizoﬁtal
‘to vertical in a singie outcrop. |

The southern end of the Hells Mesa outcrop belt (Section



3) is truncated by a large northeast—trending sEructure
across which Hells Mesa and the unit of Sixmile Canyon abutt.
This structure is interpreted to be the Eopograﬁhic wall of
the Sawmill Canyon cauldron (Chapin énd Chamberlin, 1976)
and the contact is believed to be a depositional unéonformity.
On the west, the Helis Mesa overlies the Spears Formation.
To the east, the conéact between Hells ﬁesa and the uﬁit of
Sixmile Canyon or Lemitar Tuff can be interpreted in different
ways. The flat silicified top of the ﬁells Mesa outcrop
{Section 34) diﬁs eastward and apparently under the younger
units to the east. The sinuous nature of this contact
further suggests a stratigraphic contacﬁ. If this is the
case, the unit of Sixmile Canyon 1s very thin and pinches
out northward between the Hells Mesa and Lemitar Tuff. The.
A-L Peak Tuff is not vresent. Alternatively this contact
may be the deepiy eroded ring fracture zone of the Socorro
“cauldron or the topographic wall of a post-Hells Mesa,
pre-Lemitar Tuff caﬁldron.

Brown {(1972), Simon {(1973), Chamberlin (1974), and
Spradlin (1974) have all done detailed petrographic work
on the Hells Mesa and the reader seeking more detailed
petrographic information is referred to their work.

The Hells Mesa is normally crystal~rich, containing
45 to 55 per cent phenocrysts of quartz, sanidine, plagioclase,
biotite, and magnetite; however, the basal few. tens of feet |
may have as few as 30 percent phenocrysts and only traces

of quartz. Sanidine, the most abundant mineral, "is normally



twice as abundant as guartz; plagioclase‘is intermediaté

in abundance. In the study area, both féldspars are
partially to completely altered to clay minerals and sericite.
Quartz occurs as large rounded grains that are oftén deeply
embayed. Biotite and magnetite make up a few per cent of

the rock. The biotite is in various stages pf alteration to

iron oxides, or chlorite and sericite.

A-L, Peak Tuff (?)

The A-L Peak Tuff is a composite ash-flow shee£ (Chapin
and Deal, 1976). It is normally divided into at least three
menbers, all of which are crystal~p00r; densely welded, one-

feldspar, rhyolite ash-flow tuffs with 4 to 8 per cent
‘sanidine phenocrysts and 1 to 2 per cent small rounded guartz
phenocrysts (Chapin and Chamberlin, 1976). Various shades
of gray or reddish-brown are the predominant colors. The
lower, light-gray, pumice-poor, gray—massivevmember gfades
upward into the gray or reddish-brown flow-banded member
which has abundant, lineated pumice. These pumice give the
flow-banded member a characteristic streaked appearance.
The upper member contains abundant, usually non-lineated,
pumice and has been called the pinnacles member after its
characteristic outcrop patterns; In the Lemitar and Bear
mountains, a few tens of feet of basaltic-andesite lavas‘
sometimes gseparate the pinnacles member from the lower
A-L Peak Tuff.

A tuff thought to be correlative with one of these



members crops out in the head of Sixmile Canyon (Section 10,
T4S, R3W, unsurveyed). Here the A-L Peak (?) is overlain
by andesitic and rhyolitic lavas of the unit of Sixmile
Canyon. Reconnaissance indicates extensive exbosures of,
this unit to the southwest in Ryan Hill and Sawmill Canyons,
but no basal contact is known to be exposed.

The rock is pumiceous, crystal—poér and is normally
densely welded. It contains aAﬁew per cent sanidine, and-
scattered, small, rounded guartz phenocrysts. At the
stratigraphic level exposed in the mép area, the pumice
are gra&ishured and contrast strongly with the light-gray
matrix. At lower stratigraphicllevels (not exposed in the
study area), the pumice are 1igh£—brown or gray, blend
with the.matrix, and are stfongly lineated. This lineation
suggests a correlation with £he flow—banded member of the
A~L Peak Tuff. In this report, however, due to limited
outcrop area and lack of stratigraphié‘control, correlation
is suggested only with the A-L Peak Tuff as a whole. Studies
. presently covering areas to the south and west (D. Petty,

S. Bowring, and P. Allen, in progress) sﬁoﬁld clarxify this

correlation.

Unit of Sixmile Canyon

Overlying the A-L Peak Tuff(?) in the heads of Sixmile
and South Canyons (Sections 2, 3, 10, and 11, T4S, R3W,
unsurveyed)} is a thick sequence of andesite lavas, with

interbedded rhyolitic lavas, ash-flow tuffs, and volcaniclastic



sedimentary rocks. Rrewedl (1974) named this interval the
Sixmile Cényon Andesite. The name is here changed to unit-
cf Sixmile Canyon to relfect a heterolithic character and
conform to U.S. Geological Survey convention for designation
of informal units. The unit overlies Hells Mesa Tuff and
underlies Lemitar Tuff, but its relationships to the A-L
Peak are uncertain. Tuffs similar to the A-L Peak crop
out beneath the unit of Sixmile Canyon near Sixmile Spring
and possibly occur as scattered slide blocks within the
unit'of Sixmile Canyon along the west side of Buck Peak.

The unit covers a minimum ?opographib interval of
lOOb feet and cross sections indicate that as much as 2500
feet may be present in areas around Buck Peak. Basaltic
-andesites in the Lemitar.and Bear Mountains, at this
stratigfaphic level, have a thickness of as much as 500
feet (Chapin and Chamberlin,‘l976). The increased thickness
in the Buck Peak area is interpreted to be due to £filling
of the Sawmill Canyon cauldron by these units. This
interpretation is supvorted by the heterocgenous nature of
these deposits. In addition to the basaltic andesiteé
found elsewhere, there are coarse ﬁeterolithic 5reccias,
which suggest the presence of significant topographic
relief at the time of their deposition, and thick rhyolitic
lava flows and thin local ash—flow.tuffs that are typical
of moat deposits. | |

The cauldron boundary trends approximately east-west

where exposed in the study area, but. its projection eastward



is not known due to cover by the Lemitar Tuff. Small
amounts of andesites and tuffs of the unit of Sixmile
Canyon are found eastward in Sixmile Canyon (Sections 32,
T38, R3W and 7, T45, R3W}, and 210 feet of sandstones,
conglomerates, and breccias beneath the Lemitar Tuff were
cut by a diamond drill hole at the Tower Mine (Sectioﬁ 7.
T48, R1W), immediately east of the study area. In addition,
'as much as 1000 feet of andesitic lavas are exbdsed iﬁ Sixmile
Canyon near the mountain front (Section 5; T43, R2W). This
thickness ©f the unit of Sixmile Canyon suggests that the
Sawmill Canyon caldera may extend eastward past the mouth of
Sixmile Canyon. ©No base is exposed at any of these exposures,
except in the driil hole at the Tower Mine whe;e strongly
sheared A-IL Peak-like tuffs underlie the sedimentary rocks.

A rhyolitic lava flow, a thin ash-flow tuff intexrval,
and a distinctive sandstone within the unit of Sixmile
Canyon were mapped separately; andesitic lavas and heterolithic

breccias were mapped undivided.

rhfolitic lava flow.

In the upper reaches of Sixmile Canyon (Sections 10,
il, 14, and 15, T4S, R3W, unsurveyed), pale-red, grayish-pink,
or pinkish-gray rhyolitic lavas crop.cut. In most places,
these lavas appear to be stratigraphicélly above andesites
of the unit of Sixmile Canyon or the A-L Peak Tuff (2},
and are overlain by the tuff interval, andésitic 1évas, or

sandstone of the unit of Sixmile Canyon. However, at one



1ocatioﬁ (W/2, Section 15), the Lemitar Tuff overlies the
‘rhyolitic lava in a manner that suggests the rhyolite is
intrusive. The Lemitar Tuff dips steeply into the top of

the hill, yet the contact with the underlying rhyolite is
nearly horizontal, and the lower exposures of Lemitar Tuff

are silicified and bfecciated. This contact is postulated.

to be a rotated normal fault and the lava to bhe a flow, or
domal-flow, since the majority of outcrops show conformable
relationships and no unusual degree'of alteration. Additional
support is provided by the fact that rotated normal faults |
‘are the prevalent structural style in the area south of-

Buck Peak (see Plate 1). BAlso, the Lemitar Tuff is as
-extensively silicified on Buck Peak as it is whére it overlies
these lavas. The aphanitic groundmass of the rhyolitic

lavas further suggests an extrusive origin, since an |
intrusion of this size should have a coarser texture.

The rhyolitic lavas crop out over a2 minimum topographic
interval of 1000 feet and their maximum thickness, esgtimated
from cross section (see_Plate 1, cross section B-B') may
be as much as 2500 feet. Thié thickness suggests proximity
to the source; however, the sparse and erratic foliation
was inadequate to locate the wvent. The lavas pinch cut
to the north and west, but are extensive southwest of this
area (D. Petty, oral communication, 1977). They disaﬁpear
under younger units to the east. In outcrop, the rhyolitic
lavaé weather to small blocky talus and form steep rubbly

slopes with occasional small cliffs. Petrographically, the



rock is é rhyolite and contains 15 to 40 per cent phenocrysts
of sanidine, quartz, and biotite. The aphanitic groundmass
has devitrified to a mosaic of potassium feldspar and~qﬁartz;
spherulites of the same material sometimes give the xrock

a mottléd appearance.

Sanidine is the dominant phenocryst and occurs as
equant or tabular crystals as much as 7 mm long. The sanidine.
is e¢lear and may show light~blue or pearly-~white chatofancy
when fresh. When altered, the sanidine tends to be white,
pink, or light- to medium-brown and non-chatoyant. A few
per cent'rounded and embayed quartz phenocrysts averaging
1 mw in maximum dimension, are pfesent along with as much
as one per cent black or coppery biotite.

Browniéh—gfay, aphanitic, andesite 1i£hic fragments
normally make up from 3 to 5 per cent of the rock, but may
be as abundant as 30 per cent at some locations. These
lithics weather out and leave angular to rounded cavities
"in outcrdp. Some of the lithic fragments are rounded andd

appear to have been embayved by the surroﬁnding lava.

tuff interval.

Overlying the rhyolitic lavas or, locally, the andesitic .
lavas of the uﬁit of Sixmile Canyon is alsequence of thin
ash~flow tuffs which may be as much as lbO feeﬁ thick.

At least two distincﬁive intervals are present. Thé lower
is a-crystal—poor, multiple~-£flow, éoorly to moderately

welded tuff; the upper is a moderately crystal-rich,
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densely welded tuff. Both intervals were mapped tdééther,
due to their thin and discontinuous nature. A photograph
of an outcrop of these tuffs and the overlying laminated
sandstone is shown in figure 6. |

The tuffs crop out discontinuously along both sides
of Sixmile Canyon from Buck Peak to Box Spring {(Sec. 7,
T4S,.R2W). Similar tuffs occuxr on Timbexr Peak and in
Sawmill Canyon west of this study area (S. Bowering,
oral communication, 1977) and a two-foot, crystal—rich
interval in the drill hole at Téwer Mine could be correlative
with the upper part of this tuff interval. The extent or
origin of these tuffs is not known.

The lowér interval normally contains 6 to 8 per cent
phénocrysts of sanidine, a few per cent small, rounded
quartz grains and traces of coppery biotite. The tuff varies
ffom light~gray to yellowish-gray where poorly welded to -
pale-~red-purple where moderately welded. Sandy or tuffaceous
sediments are locally present near the base.

The upper moderately crystal-rich interval is consistently
dark-pinkish~gray on a fresh surface and weathers to shédes
of brownish-gray. It normally contains éo to 25 per cent
phenocrysts of sanidine, quartz and biotite. Sanidiné,
averaging 12 per cent of the roék, is about twice as abundant
as quartz, and occurs as anhedral'to'subhedfal crystals,
Quartz occurs both as large, slightly rounded, dipyramidal
cryvstals, as much as 4 mm across, and as smaller broken

" to rounded fragments averaging 0.3 mm in longest dimension.
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Figure 6: Photograph showing typical outcrops of several
members in the unit of Sixmile Canyon. Té6t-tuff interval,
Tss—-laminated sandstone interval, Ta- basaltic andesite
lavas, and Tll-the overlying lower member of the Lemitar
Tuff. View is toward the north wall of Sixmile Canyon,
Ssw/4, Sec. 7, T4S, R3W.
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One-half to one per cent coppery biotite and a trace of

magnetite are also present.

sandstone.

Overlying the tuff interval and, locally, the ﬁnderlying
rhyolitic lavas 1s a distinctive 20~ to 50~foot-thick intervél
of finely laminated sandstone. The sandstone crops out as
ledgy slopes at scattered locations along Sixﬁile Canyon
(Sections 12 and 14, TA4S, R3W,_unsurveyed, and Section 7,
T4S, R2W). Similar-sandstone intervals occur on Timber
Peak and in Sawmill Canyon (Stacy, 1972; Bowring, oral
communication, 1977) west of thé study area. Approximately'
80 feet of similar sandstone was logged at this stratigraphic
level in the drill hole at the Tower Mine (Appendix A).
about 150 feet of conglomerates, sandstones and breccias
directly underlie the sandstones in the drill hole. The
sandstone is pinkish-gray or gray on both fresh and weathered
surfaces at most locations, buﬁ is pale~ to moderate-red at
the easternmost outcropf  The outcrops have even, thick
bedding (0.1 té 1.0 m) and fine to very.fine (1L to a few mm),
planar, parallel laminations that are very continuous laterally._
At one ;ocation, planar cross-laminations were noted. 1In
general, the rock is composed of subequal amounts of poorly
sorted, fine- to coarse-sand-size quértz and feldspar grains;
alternation of coarse and fine layers causes the lamination.
A feﬁ per cent dark, sénd~size rock fragments and magnetite

grains (?) give some beds a speckled appearance. Near the
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top of the unit a few thin conglomeratic lenses are found
locally which contain pebbles of dark-red to brown aphanitic
volcanic rocks. Local pumiceous and silty beds are also

found in the easternmost outcrop (Section 7).

andesites and heterolithic brecéias.

Much of the unit of Sixmile Canyon is a thick sequence
of andesite lavas with local zones of mudflow deposits. At
éome locations, these andesites make,up the entire unit
while at others they surround other rock types. These
relationships suggest that andesite lavas were accumulating
over a reiatively long period of time spanning the emplace-
meﬁt of rhyolitic lava, tuffs,'and sandstone.

Based on mineralogy and texture, the andesité lavas
may be subdivided into three types: 1) dense aphanitic,

2) pyroxene porphyritic (La Jara Peak-like} and 3) plagioclase
prophyritic.' Good outcrops occur locally but a colluvium of
small angular blocks is the normal expésure.

| Dense, aphanitic, dark-gray or purple andesites.ﬁith

no visible phenocrysts occur in the lower stratigraphic

levels and is the most abundant andesite'lithology in the
unit of Sixmile Canyon. Good outcrops of fhese rocks are
found along both sides of South Caﬁyon north of Buck Peak
(Sections 2 and 3, T4S, R3W, unsurveyed).

Second in abundance,nand usually'occﬁrring at the top
of the section directly under Lemitar Tuff and above the

"tuff interval", are dense to vesicular rocks with an
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aphanitic groundmass containing small, red; oxidized
pyroxéne phenocrysts. These rocks closely resemble, both
in hand specimen and thin section, the La Jara Peak Andesite
(see Simon, 1973). Petrographically similax foqks axre
present in the interval above Lemitar Tuff. Good outcrops
are found above the "tuff interval® in Sixmile Canyon
(Section 12, T4S, R3W, unsurveyed).',‘
Plagioclase-porphyritic andesites are found in minor
amounts at various stratigraphic infervals and locations.
The amount and size of plagioclase phenocrysts véries; most
- of the plagioclase is chalky and altered.
Coarse, heterolithic breccias with clasts.as much as
3 feet in diameter crop out_in a gully north of South Canyon
along the Sawmill Canyon cauldron wall (?} (Section 3;‘
T45, R3W, unsurveyed). In these'outcﬁops, coarse, angular-
to~rounded clasts are found in a matrix of finely comminuted
andesite; locally, the matrix appears to be a pumiceous
tuff. ‘Clast lithologies axre diverse, with both rhyolitic
and intermediate compositions present. Clasts believed to
be Hells Mesa Tuff are common and usﬁally rounded. Théy
are reddish-brown and appear unaltered in contr;st to the
greenish or yellowish, altered Hells Mesa in nearby exposures.
Other lithologies present as clasts include flow-banded
rhyolites, latites similar to those founé in the Spears
Formation, and various other intermediate lavgs. One
distinctive lava with large (up to 4 cm) plagioclase

phenocrysts occurs as clasts in these breccias but is seen
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in outcrop west of Timber Peak in the same apparent
stratigraphic interval.

Thesé breccias appear to dip to‘the southeas£ away
from the SawmillACanyon cauldron wall; however, the apparent
bedding is very crude and may be misinterpreted. The
heterolithic, unsorted, mud-supported clasts suggest a
mud-flow origin. ‘Their proximity to the Hells Mésa Tuff
along the cauldron margin and tﬁeir steep dips into the
cauldron suggest that they were deposited by debris flows
from tHe cauldron wall. An outcropbof these breccias is
shown in figure 7; good exposures are indicated on.plate 1
with a conglomeratic overlay pattern.

Near the breccia outcrops in South Canyon and at
other scattered locations west of Buck Peak, large blocks
of ash-flow tuffs as much as éeveral hundred feet across
are found. They are apparently surrounded by andesitic
lavas and may be slide blocks from the cauldron wall. The
presence of one block, resembling flow-banded A-L Peak Tuff,
west of Buck Peak (Sﬁ/4, SE/4, Section Bi supports this
interpretation. Other blocks are moderately crystal-rich,
pumiceous, and weather to small slabby talus. These may
be erosional remnants of the lower part of the "tuff interval”
in the unit of Sixmile Canyon. Faults concealed by the
poor outcrops of andesite lavas could account for the

scattered distribution of the blocks.
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Figure 7: Laharic breccias in the unit of Sixmile -
Canyon (NE/4, Section 3, T4S, R3W, unsurveyed). Unit
is mud supported and heterolithic. Clast lithologies
‘include Hells Mesa-like tuff (H), flow-banded rhyolite
lavas (F), and various andesitic to latitic (L) lavas
resembling those found in the volcaniclastic portions
of the Spears Formation. The presence of rhyolitic
clasts distinguishes these rocks from the Spears
Formation. Matrix is finely comminuted latite to
andesite fragments here but may be locally a pumiceous
tuff. Hammer is approximately 12 inches long.
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Lemitar Tuff

The Lemitar Tuff is a multiple-~flow, simple cooling
unit, rhyolite ash-flow tuff (Chapin and Chamberlin, 1976)
and occurs in widespread, relatively continuous outcrops
throughoﬁt a large.part of the central study area (Plate 1).
The outflow sheet can be divided into two members: 1) a
crystal-rich upper member that is a few tens to fwo hundred
feet thick and occurs th;oughout the Socorro-MagQalena area,
and 2} a relatively crystal—poofllower member wﬁich occurs
as a thin interval at scattered locations in the Lemitar
Mountains and the Magdalena area. The Lemitar Tuff is
believed to have been erupted from thé Socorro cauldron
(Chapin and Chamberlin, 1976; see also Fig. 26 this study).

‘ The Lemitar Tuff, formerly tuff of Allen Well, has
been described by several authors, but'the most detailed
petrography has been done by Simon (1973} on samples from
thé Crouch Arill hole in the Silver Hill area (the unit
was misidentified as tuff of La Jenci; Creek due to its
presence in a paleo—valle?). R. M. Chamberlin has recently
describéd a section in the Lemitar Mountains aftex which
-the tuff has been renamed. A sample from the Lemitar
Mountains has been dated 26.3 m.y. using the XK/Ar method
on biotite. |

Greater thicknesses of Lemitar Tuff are found in this
study area. A stratigraphic section of the lower, mo&erately

crystal-poor member was measured in Sixmile Canyon (Section
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7, TAS, R2W); however, an adeqguate, unfaulted section of the
upper, crystal-rich member was not found. Although control
on thickness is poor due to extensive faulting and lack, of
exposures of the basal contact, reasonable‘thickness estimates
may be made from cross sections in the central par£ of the
study area. Several thickness estimates from the study

area together with data from the Tower Mine drill hole,
Crouch drill hole (Simon, 1973), estimates from Timber Peak
and South Baldy (D. Petty and S. Bowfing, oral communication,
1977), and the Lemitar and Chupadera mountains (R. M.’
Chamberlin, in progress) are prgsented in figure 8.

The Lemitar Tuff is consistently much tﬁicker throughout
the Chupadera and southeastern Magdalena Mountains than in
other areas of exposure. The upper membef is normally 600
to 700 feet thick in the study areé and may be as tﬁick as
2800 feet in the Chupadera Mountains. Miesch estimated a
mninimum of 1000 feet of Lemitar Tuff (massive rhyolite} in
the Chupadera Mountains. Only 690 feet of Lemitar Tuff was
cut by the drill hole at the Tower Mine, of which only 320
feet was upper member. R. M. Chamberlin has recently,
however, estimated, from cross sections, thicknesses as
.greét-as 2900 feet for the upper Lemitar Tuff in the area
just east of the Tower Mine area. Severallhundred fée£ of
upper member is also present on Timber Peak and South Baldy,
west. of this study area (D. Petty and S. Bowring, oral
communication,A1977).

The lower member varies considerably in thickness



&
8
2
2
20
Q.
UPPER  CRYSTAL-RICH MEMBER £3
n
“
P m m e 2 e
———————————— 15---"—"‘————"""— ,,/_- e e N 5‘5‘5
pe I 700 - 27
: E°
-1 600 Eu
Yoy = {800 2 lz |z
: Lk A E g o @ *=
, |- g &7 & 1 400 N A S -
- nk el - W
2 sl £l g ES N RS
£ T 5 @ SRS SCALE 7200 TR
= - :}; -' é":. Lad 3: P: t‘)_ uv) .' ?.. .E ©
2 2l e ~ SRS ;).g -4 200 J EF-
g : T|s Tk 5 glt  Bltlle sl le {3
g l =i @il actts P i A 5 O 214 1% E £
- = ol af o) B A - 100 i =
- @l i1 o ', =
_§ - -] Sl i B ) A i 5 . L feet st |y e
E @ x e g 2 | 0 § ta” no base or
= > . 2] s P % . Jioo - £ lower membsr
=1 olif @ g E miles i | {E exposed
® a1 — bt = 18 i 3
= . o v ~ 200 © E
- [N = : il B 3
2 g 5 - =
@ gl ab 15 4 200 'E_i
e [T ] 2 -
3 el LOWER - g T J
\ g,‘ T - 400 Chupadera Mts.
CRYSTAL- POOR % 1 500
- 0 .
MEMBER % 4 800
5.

Pigure 8: Fence diagram of Lemitar Tuff thicknesses from South Baldy to
the Chupadera Mountains. - Datum is the transition between upper and lower
members. South Baldy and Timber Peak data are from S. Bowring and D. Petty,
oral commun., 1977; Bear Mt. data is from the Crouch Prill hole, Simon,
1973; Lemitar and Chupadera Mts. data from Chamberlin, in progress.

€t



.34

where it.is exposed., A stratigraphic thickness of 820
feet was measured in Sixmile Canyon (Section 7), but one
mile'northeast only 400 feet is found. In the drill hole
at the Tower Mine, 367 feet of the lower member is present
and to the west on Buck Peak only 150 to 200 feef is found. .
Thicknesses of 200 to 400 feet are estimated for the lower
member on Timber Peak and South Baldy.
Two possible explanations could account for the thick-
ness variatiohs of the Lemitar Tuff in the study area.
The first would have the Lemitar fuff erupted from an
unkn;wn source and flow into a pre-existing depression
consisting of the overlaﬁping Langmuir and Socorro cauldrons.
The lpwer member would have filled existing topographic lows
and have become‘irregular in thickness while the upper
would have flowed over the flat top of the lower member
and have been relatively constant in thickness. Thick
sections would have been deposited within the Sogorro
cauldron énd westward along the moat of the Langmuir cauldron.
Alternatively, the Lemitar Tuff may have been erupted
from the Socorro cauldron. Variations in thickness could
be accounted for by differential subsidence and the Langmuir
cauldron moat would still have provided a channel to be
filled to the west. Evidence supporting this relationship,
in addition to the thick sequence of Lemitar Tuff, includes
moat deﬁosits in the northern Chupadera Mountains overlying
Lemitar Tuff (R._M. Chamberlin, in progress), and zones of

- large lithic fragments (probably mesobreccias in the
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terminology of Lipman, 1976) in the Chupadera Mountains
(R. M. Chamberlin, in progress).

Insuffiqient evidence is available to decide between
these two hypotheses; however, nd structﬁral offset or
significant thickening of the Lemitar Tuff that céuld be
interpreted as a cauldron margin was found within the
study area. Interpretation of thickness variations within
the proposed Socorro Cauldron may be further complicated

by contemporaneous rifting.

lower Lemitar Tuff.

The modal data from samples collected from the measured

section of lowexr Lemitar Tuff is reported in figure 9.

The lower member can be divided into three zones on the

basis of outcrop pattern, degree of welding, fotal phenocryst
content, pumice and lithic content, and color. In general,l
phenocryst morphologies and sizes, and lithic fragment types
are constant thréughout the lower member and are-therefore
discussed before zonation. Theaentire member is moderately
crystal-poor and averagés 13 per cent phenocrysts of
sanidine, gquartz, and coppery biotite.

Sanidine is the most abundant minefal_and occurs as
untwinned, generally broken crystals averaging 0.9 mm in
longest dimension. The sanidine occasionally shows perthitic
exclution of albite (?). The exolved lamellae stéined
strongly for potassium, thus, the albite (?) has probably

altered in a manner similar to the plagioclase phenocrysts
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6M-21

6M-20

6M~18

GM=-17

6M-16

614

6M-12

6M~10

6M-7

BM-4

(a)

(¢} mineral counted as plagioclase is largely altared but resembles altered
plagioclase in other units within the study avea.

color fresh Tocal
weathered Phen, sanvdine plag.quarcz bioCilte opaques
(ed

lloderate Pink (SR7/4) . 34,3 M4 7.0 1.0 0.8 1.2
Pale-Red-Brown (LOR5/4) . .
CGrayish-red-pur. (5R4/2) 29.5  21.5 4.7 2.4 1.0 0.9
Mod. -pinle (5R7/4)

Grayish-red (5RA4/2) lo,4  12.6 0.9 2.4 tr 0.5
Pale-red {516/2) . ] .
Arayish-red (5R4/2) 13.3 9.5 1.7 2.1 tr ty
Pale-red {(S5RG/2) .

Pale-red (5R6/2) 8.4 7.2 o 1.2 ty tr
Pale-red (5R6/2)

vrayishered (1OR4/2) 12.5 9.0 0 3.5 tr 0.4
Pale-reddish-brn, {10R5/4)

Grayish-red (10R&4/2) 11.9 8.9 o 3.0 tr tr
Pale-reddish-brn, (1ORS5/4)

‘Pale~red (5R6/2) 14.4 8.3 0 6.1 tr tr
Pale-red (5R6/2) -

Pale-red (LOR6/2) 4.6 7.7 0.4 3.9 tr tr
Pale-yel.-bxn., (10YRE/2) ‘
- Grayisk-nink (S5R8/2) 9.0 8.7 0.5 3.8 tr e

Grayish-orng.~pink (5Y¥R7/2)

Phenocrysts

cstimated from hand specimen and outerop.,

points lithics

counted
2663 5%
2528 2%
1571 2
2854 5%
2523 35
2808 tr
2736 cr
2425 5%
2401 10
3012 5

.a)
pum;cc(a)
o-id%
10

20
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W
(0)

10-15%
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Figure 9: Modal data, graphic stratigraphic column and plot of relative phenocryst abundances for

lower Lemitar Tuff., Samples for measured stratigraphic section in Section 7, T4S, R3W.
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in the lower member and also in the upper member and the
tuff of South Canyon. Subordinate quartz occurs as clear
or dark-smokey-~gray, anhedral to subhedral grains averaging

0.7 mm in diameter. Also present are trace amounts of
reddish~brown, pleochroic biotite in varying stages of'
alteration to magnetite, and as much as 0.5 per cent
magnetite as irregular rounded grains. Plagioclase, where-
present, is largely altered to clay minerals. '

Several varieties of lithic fragments, averaging
about 1 cm in diameter, are found throughout the member
in varying amounts. The most common type is pink, dark-
brown, cor dark-gray, occasionally banded, aphanitic,
silicic rock fragments. Andesiﬁes and various porphyritic
crystal-poor to crystal-rich rhyolitic fock fragments
(probably in part ash~flow tuffs) are also found in'leSSer
amounts.

The groundmass is normaily devitrified to a moéaic
of quartz and potassium feldspar but locally may have
domains of mosaic-texture quartz several millimeters across.

The basal zone in the lower member is light-in colox,
poorly to moderateiy welded, pumiceous, and a slope-forming
interval. It normally contains about 15 per cen£ phenocrysts
and averageé several per cent lithic fragments. Plagioclase
occurs in trace amounts‘in this zone but was not recognizgd
in the overlying interval. Pumice is abundant and has a
"botryoidal” interhal texture in the top of this basal zone

and in the base of the overlying interval (Fig. 15).
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Thickness varies from 300 feet at the measured section to
a few tens of feeg on Buck Peak; approximately -120 feet
of this zone is found in the drill hole at the'Tower Mine.

The overlying second zone is characteristically
, grayish-red, weathers to pale—reddiéh—brown and is brittle.
It breaks into sﬂarp, angular fragments and forms rough
slopes and small cliffs; outcrops ofteﬁ appear 5recciated.

" The contact with the lower zone is gradétional over a few
feet and has weathered to a notch in one location near the
measured section. Phenocryst content is lower than in

the rest of the lower member, a%eraging 8 to 12 per cent,
and quartz has decreased in abuﬂdance to a maximum of three
per cent. No plagioclase was seen in thin section; lithic
fragments are scarce and puﬁice isAnot prominent. Shard

- structure is very well-preserved and the shards become more
' flattened upward. Figure 10 shows the well-preserved
vitroclastic texture in thin section.

The gradation into tﬁe third and uppef zone is marked
by an increase in size and abundance of light-gray, highlyl
compressed pumice and by darkening of the matrix. These
features give the rock a streaked appearance which is
shown in figure 11. Lithophysal cavities, filled with
white silica oxr occasionally partially open, are present in
thig interval in South Canyon (Section 35, T3S, R3W):
Phenocryst content gradually increases from 8 per cent to
15 per cent and parallels an increase ip pumice content;

altered plagioclase reappears and increases in abundance
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Figure 10: Photomicrograph (31.25x, uncrossed
nichols) showing the well-preserved vitroclastic
texture of the middle, brittle zone of the lower
Lemitar Tuff. The distorted shapes are shards;
the dark borders were probably dusty coatings on
the shards. Quartz and sanidine. phenocrysts are
present but indistinguishable in this photograph.
(Sample 6M-14, Fig. 9).



Figure 11: Specimens of the streaked zones of the tuff
of South Canyon (left) and Lemitar Tuff (right). Both
rocks have moderate phenocryst content, abundant quartz
and sanidine, and streaky pumice foliation. Lower
Lemitar Tuff (right) has slightly more biotite and
plagioclase in the upper parts of the streaked =zone.
Individual specimens and outcrops may:be virtually
indistinguishable on petrographic criterion. The most
reliable means of identifying these units is through
the readily distinguished overlying and underlying
intervals.



upward. Quartz remains scarce, averaging 2.5 per cent.
This zone chéractefistically forms cliffa, often with the
transition to upper Lemitar Tuff at the top. |
Combined thickness of the two upper zones is 500 feet
at tﬁe measured secti0p and in the central study area, 240
feet in the drill hole at the Tower Mine, and 200 feet or

less on Buck Peak in the west part of the area.

transition zone.

A gradational increase in crfstal content to about
. 35 per cent, a parallel increase in the abundance of
plagioclase and the appearance of "moderate-pink" blotches
{(5R7/4) define the 5- to 50-foot transition into ﬁpper
Lemitar Tuff in the study area (Fig. %). Pumice becones
crystal-rich and light-gray or grayish-purple with the
increase in crystal content. Similar transitions are seen
in the Lemitar Mountains'(R. M. Chamberlin, oral communi~
cation, 1277) and in core from the drill hole at the Tower
Mine (Appendix A). The content hetween upper and lower
Lemitar Tuff was mapped at‘the increase in crystal content
which corresponds approximately to the first occurrence of
moderate-pink blotches, ox, when silicification masks color
and crystal content, at the point where prominent pumice

streaking ended.

upper Lemitar Tuff.
In hand specimen, the upper Lemitar Tuff is consistently

moderate~ to light-red and crystal-rich; it contains 30 to
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35 per cent phenocrysts of sanidine, plagicclase, quartsz,
and biotite. The upper member weathers to rounded blocks
bounded by joint surfaces and crops out as steep, rounded,
rubbly hills, or occasionally as ledges and smakl cliffs.

ASanidine is the most abundant mineral and occurs as
fresh, untwinned, broken, tabular or equant‘crystals
averaging 1.2 mm in longest dimension. Plagioclase is
next in abundance but because of altgration, it is usually
plucked from thinsections during their preparation. The
resultant holes usually have a skeletal remnant of potassium
feldspar (?) around the edges. In some cases this material
has a fibrous texture and may be clay minerals. All of this
remnant material stained strongly -for potassium with sodium
cobaltinitrite.k

Quartz occurs as subhedral to anhedral rounded fragments
as much as 4.0 mm in diameter and averaging 1.3 mm in
size. It may be either clear or dark—smokey—éray. Quartz
is scarce within the lower parts pf the upper member hﬁt
incréases in abundance to several per cent throughout most
’of the member and may reach 15 pe£ cent in abundance at the
top. |

One to a few ?er cent reddish-brown, pleochroic biotite
occurs as euhedral, thin plates which exhibit varying stages
of alteration to magnetite. As much as 0.5 ?er cent primary
maghnetite is also present as rounded grains averaging 0.4

mm in diameter. A few pyroxene grains, largely feplaced
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with magnetite, and a trace of zircon (?) were seen in
one thin section. |

Pumice in the upper member is gepérally gray to reddish
and blends with the matrix; however, in the upper third of
the upper Lemitar Tuff, light-gray, crystal-xich clots
become common. Stringers of light-grayish-red, guartz-
and sanidine-poor, plagicclase~ and biotite-xrich ﬁumice {(?)
are also common. The grayish-red puﬁice (?) is scarce in
the northern part of the area and becomes,mofe abundant
southward. They are particularly large and abundant in
the Rincon-Madera Canyon area immediately south of the
study area (S/2, T4S, R2W).A A photograph of the grayish-
red pumice from this area 1s shown in figure 12. The .
white crystal-rich clots.are gscarce or absent in this area
to the south but abundant in the Pound Ranch areé. A |
photograph of white crystal-rich clots froﬁ the érea west
of Pound Ranch is shown in figure 13. -

The upper few tens of feet of the Lemitar Tuff is
sometimes light-gray to pinkish-gray and appears-bleached.
However, in thin section, all phenocrysts except plagioclase
are fresh and this feature is considered to be zonation
-rather than alteration. In this upper zone, quartz and
totai phenocryst content are higher than normal with quartz
content reaching 15 per cent and total phenocrysﬁ content
nearing 50 per cent. Plagioclase is much less abundan£
than in lower zones and makes up only 1 to 2 per cent of

the rock.
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Figure 12: Reddish-gray, lenticular clots or pumice (?)
in the upper Lemitar Tuff in Rincon-Madera Canyon, south
of Pound Ranch. These clots are common throughout the
southern part of the study area near the top of the unit.
The clots are rich in plagioclase and biotite and have
little or no quartz and sanidine. These clots, which
are more mafic than the groundmass, contrast strongly
with the crystal-rich, guartz-rich clots found in the
Lemitar Tuff to the north, west of Pound Ranch (see

gdg. 13) .
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Figure 13: White crystal-rich clots (c) in the upper
part of the upper Lemitar Tuff. Clots are lighter in
color, more crystal-rich, and more quartz-rich than the
surrounding rock. These clots contrast strongly with
both the normal upper Lemitar Tuff at this stratigraphic
level and the reddish-gray clots found farther south
(Fig. 12). West of Pound Ranch both types of clots

are found together, to the south only reddish-gray

mafic clots occur and to the north white crystal-rich
clots predominate but a few mafic clots are also present.
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A few feet of unwelded tuff is occasionally preser&ed
at the top of the Lemitar Tuff. Thin, local lenses of
medium- to fine-~grained, moderately to well-sorted, red or
light-brown rhyolitic sandstones commonl& 6ccur at the top
of the Lemitar Tuff, or interbedded in the lower levels of

the overlying basaltic andesites.

Basaltic Andesites

A thick seguence of p&rphyritic, pyroxenéubéaring,
basaltic andesite flows overlies Lemitar Tuff throughout
the study area. As much as 1100 feet of similar lavas are
preseﬁt at this stratigraphic level in the Lemitar Mountains
(R. M. Chamberlin, in progress) and Spradlin (1974) reports
andesitic lavas at this level in the Joyita Hills. ‘

The basaltic andesites crop out discontinuouslyxover
much of the central part of the study area. When well-exposed,
as along the steep sides of South and Sixmile canyons ({(Section
36, T3S, R3W and Sections 5 and 7, T4S, R2W), individual |
flows with autobrecciated tops and bottoms can be seen and
the lavas form steep slopes with small cliffs. Most exposures,
however, consist of rounded hills covered with a colluvium
of small angular fragments. Where both overlain and under-
lain by tuff intervals, the basaltic andesites weather to
conspicuous benches. |

At the mouth of‘South Canyon (8W/4, Section 30, T3S,
R2W), 400 feet of these basaltic andesites were measured.

Cross sections indicate a 400 to 600 foot thickness(range



for these lavas along South and Sixmile canyons. Farther
southwest (Sections 13, T4S, R3W, unsurveyed) only a few
feet of these lavas are found; to the eaét, west of Pound
Ranch, the thickness ranges from 50 to 300 feet. In one
area in Sixmile Canyon (E/2, Section 6, T4S, R2W), faults
appear to cut Lemitar Tuff, but no£ tuff of South Canfon
and control the thickness of these baéaltic andesites..
These variations in thickness of the basaltic andesites may
be the result of post-eruption subsidence within the Socorro
cauldron, rift faulting, or both. R. M. Chamberlin (in
progress) has docﬁmented at 1ea§tq300 fegtuof pre-~Lemitar
Tuff early~rift-fault relief in the Lemitar Mountains.

In hand specimen, most of these rocké are light-brownish-
gray and weather to qrayish;red oxr réddishubrown. They are
prophyritic with several'per cent small, reddish (iron-~stained},
altered pyroxene phenocrysts set in an aphanitic groundmass.
A few lavas within these sections alsc have plagioclase and
olivine phenocrysts. These rocks with-plagiociase and
olivine phenocrysts weather to ledges and larger colluvium
blocks and are greenish-black when fresh. They weather to
shades of brownish-grayv. |

In thin section, the aphanitic rocks with iron-stained
pyroxene phenocrysts have a pilotaxitic groundmass of
pPlagioclase microlites averaging 0.05 mm in length. About
70 per cent of the groundmass is plagioclase; small irregular
c¢linopyroxene énd magnetite grains fill interstices. 1In
~some specimens, which are reddish in hand specimen, all

magnetite has been oxidized to hematite.



Two types of pyroxene phenocrysts make up the remainder
of the rock. The largest and most abundant are orthopyroxenes
which have been';argely altered to hematité and magnetite,
as 1is suggested by their red color in hand specimen. Where
less altered, these crystals can be seen to have parallel
extinction; however, the hematite staining prevented further
0p£ica1 tests. These orthopyfoxenes are subhedral to euhedral,y'
average 1.0 mm in maximum dimension, and make up as much
as 3 per cent of the rock. B2Also present in amounts as great
as 2 per cent; are smaller, relafively unaltered, clinopyroxene
phenocrysts. These average 0.4 mm in length and are anhedral
to subhedral. The clinopyroxene occurs as gréins that may
have low or high birefringence depending on thevorientatioﬁ
of the crystal section. Optical properties are consistent
with those of augite. In more altered samples, all mafic
minerals are altered to magnetite and/or hematite.

In rocks that have plagioclase phenocrysts visible in
hand specimen, olivine is present in addition to both types
of pyroxenes found in the more aphanitic rocks. Thé olivine
occurs as rounded grains as much as 2 mm in diameter and may
make up as much as 0.5 per cent of the rock. Plagioclase
occurs in varying amounts as phenocrysts up to several
millimeters in length. The texture of these rocks tends to
be seriate.

Locally, where the basal contact of the overlying tuff
of South Canyon is weli exposed, thin (d.l m to a few m)

layers of mudstones are found. -Similar mudstones are found
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in scattered exposures from just west of Pound Ranch to

South Canyon but it is not known if these are part of a

continuous layer or are scattered deposits. The mudstones

are brown or reddish-brown and may contain as much as 20

per cent pumice and several per cent rock fragments. These

deposits were probably emplaced és mudflows. At one location

in Sixmile Canyon (SE/4, Section 6, T4S, R2W), a few badly

decomposed plant fragments were seen in this mudstone layer.
Also, iﬁ South Canyon (SW/4, Section 36, T3S, R3W),

as much as 20 feet of volcaniclastic sedimentary. rocks are

foupd in a chénnel under the tuff of South Canyon. These

vary from sandstones to coarse conglomerates and are overlain

by the poorly welded basal zone of the tuff of South Canyon.

Pebble imbrications indicate a northerly transport direction.

Tuff of South Canyon

Recent works (Simon, 1973; and Chamberlin, 1974) have
éalled all tuff units above Lemitar Tuff the upper tuffs.
In this study, a multiple-flow, simple cooling unit of
rhyolitic ash~flow tuff occurs above the basaltic andesites
that overlie Lemitar Tuff. It is here‘called tuff of South
Canyon, after a measured stratigraphic section at the mouth
of South Canyon (SW/4, Section 30, T3S, R3W).

The tuff of South Canyon was dated at 26.2 + 1.0 m.y.
using the K/Ar method on biotite. It is correiative with

the upper "Potato Canyon Rhyolite" as used by Spradlin
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(1974) in the Joyita Hills, but is not correlative with
the type locality "Potato Canyon Rhyolite" as used by Deal
(1973) in the San Mateo Mountains. The tuff of South
Canyon occurs in the Lemitar Mouﬁtains (R.M. Chamberlin,
oral communication,A1977), but the relationship to the
upper tuffs of Simon (1973) in the Silver Hill area is
unknown. |

The tuff of South Canyon crops out discontinuousiy
over most of the north and central parts of thé study area.
"It is as much as 620 feet thick along South Canyon and
averades 200 to 400 feet in thickness in thé area west of
Pound Ranch (Sections 5, 6§, 7,»8, and 17,'T4S, R2W) .
Monolithic bréccias of tuff of South Canyon (indurated
colluvium with red, fine-grained, clastic matrix) overlie
most séctions and indicate erosign; thus, the originél
thickness is not known. A thin, lighter colored zone
occurs at the top of the measured section in South Canyon
and may represent zonation near the original top of tﬁe
unit, or weathering. Petrographic data fromnspeciméns
collected along the measured stratiéraphic section is -
presented in figure 14.

The unit can be divided on phenocryst content into a
crystal-poor lower member and a moderately crystal-rich
upper member. Alternativgly, the unit may be divided into
a basal, poorly welded zone, which often contains pumice
with a "botrvoidal" internal texture; an intermediate

densely welded ZOne, which often contains lithophysal
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sample
number

5C-11

GC-10

S5C-9

5¢-8

SCa7

SC-6

5C-5

S0-4
SC-3B
5C-3
SC-2
SC-1

fresh
weathered
Qumicp
grysh~orng=-pink (5YR7/2)
grysﬁ-orng—pink{52k?/2)
pale-rod (536/23
pale-red (356/2

solor

Phencerysts

pumice~ grysh-pink (5R8/2)

grysh~red (5RE/2)
pale~-red {5R6/2}

pumice- light-gry (N7)
pale-red {5R6/2)
pale-red (5R6/2
punice~ light-gry {N?7)

od-grysh-red {5R5/2)
gale—red (5R6/2)

pumice-~ light-gry(N7)
pale~grysh-red
pale«red {5R6/2

pale-red (5R6/2)
med~gry (N5}

5535/2

pale-red (10R6/2)
pale~red (5R6/2)
grysh-red (5R4/2)
pale-grysh-red (5R6/2)
light-brnsh-gry (5YR6/1)
mod-brnsh-gry (5YR5/1)
drk-pnksh-gry (5YR7/1)
light-brnshepry (5YR6/1)
pale-red (5R6/2)
grysh-red (10Rk/2)

total j points

phen. sanid. quarts plag bio. opag, eounted lithi%§ Puzicen,
11.9 5.9 5.7 ir tr tr 2859 35 12.205
175 116 5.9 T 4r &r 3366w 30-35%
20.8 14,4 6.2 1.0 «tr tr 3291 ir 25,:
16.6 8.6 8.0 tr tr tr 3040 tr 251
16,1 6.4 9.7 (] tr ir 2417 1: 257
12.8 6.7 6.1 0 tr tr 2332 43 10-123
5.8 2.7 3.1 0 tr tr 3402 ir 10-12.5
5.3 3.2 2.0 0 tr tr 3275 3 1053
8.7 k2 4.5 0 1o tr 1764 83 {?}
3.1 1.7 1.k 0 tr tr 2630 2530 105 “p*
2.7 1.3 1.4 0 tr tr 2333 3.3 107 b
3.1 1.9 1.2 0 tr tr 2358 5 16-133

(a) estimated from hand specimen and outcrop.
"b" botryoidal internal texture in pumice.

plagioclase is totally altered but resembles altared
T units within the study area.

{c) mineral counted as
plagioclasa in othe

i ‘ i i i ; tive phenocryst
Figure 1l4: Modal data, graphic stratigraphic column and a plot'of re;a : :
abgndances for the tuf% of South Canyon from the measured stratigraphic section in South

Canyon (SW/4, Section 30, T3S, R3W).
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cavities; and an upper moderately to densely welded, streaked,
pumiceous zone. The increase in phenocryst content from an
average of 4 per cent to 15 to 20 per cént occurs gradationally
a few tens of feet abbve the lithophysal zone within the

uppér streaked interval. Crystal-poor pumice occur thraughout_
the unit; crystal-rich pumice become common above the increase
in crystal content. The unit was maﬁped undivided in this
study.

The basal layers of the tuff of South.Canyon are very
crystal-poor, often contain several pexr cent lithic fragments,
and vary in weathering characteristics. .Pumice are common
and are crystal-poor. This basal interval varies in thickness,
weathers to small soft fragments,;and'often forms notches
beneath the denser overlying intervals. However, the top
of the basal interval often is fairly dense, contains
prominent "botryoidal" pumice, and weathers to large Jjoint-
bounded blocks and ledges or cliffs. The basal interval is
usually brownish-gray to white but ﬁay'be pale«réd. 'The-
"botryoidal" internal texture of pumice in this zone is
compared with that found in the iower Lemitar Tuff in
figure 15.

The lithophysal zone, which occurs spéradically at the
top of the crystal-poor interval, weathers to resistant.
ledges and cliffs where it is present. It is‘darkef in
color and mottled in shades of gravish-red or pale-red.

Open to partially filled lithophysal cavities, as much as

6 inches long, are present in some outcrops.
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Figure 15: "Botryoidal texture" of pumice in lower,
moderately welded zones of Lemitar Tuff (left) and
tuff of South Canyon (right). This texture is also
known in the A-L Peak Tuff (R. M. Chamberlin, oral
communication, 1977). These multiple occurrences
limit the usefulness of this feature as a correlation
tool. These zones in the two units shown are readily
distinguishable since tuff of South Canyon is very
crystal poor (1 to 3 per cent) while the lower Lemitar
Tuff has 10 to 15 per cent phenocrysts. In addition,
the "botryoidal texture" is much better developed in
the tuff of South Canyon.
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Above the lithophysal zone, the unit takes on a
streaked appearance from abundant light~gray pumice in
a darker, pale-red or grayish-red matrix (Fig. 11). These
pumice may be several inches long and constitute 30 per
cent or more of the rock. Both crystal-poor and crystal-
rich varieties of pumice are present above the increase
in crystal content. This interval characteristically
breaks angularly, weathers to joint-bounded blocks and
forms ledges or ilrregular, blocky cliffs. Talus from this
zone and the underiying lithophysal zone ofteﬁ obscures
the base of the tuff of South Canyon and the underlying
basaltic andesites. ‘

A mineralogic break is apparent in the streaked zone
at about the 400 foot level of the measured section (Fig.
14). BAbove this level sanidine is considerably more |
abundant than quartz, and there are more phenocrysts.

These mineralogic variations may be real or could be the
result of sampling bias in selecting hand-specimens and
areas within hand-specimens for thin sectioning. Stfiking
similarities in appearance of the rocks above and below
this apparent break strongly support the conclusion that
the streaked zone is a single unit.

Despite its obvious zonation with respect to phenocryst
content and textural characteristics, the tuff of South
Canyon is very consistent in mineral proportions and species.
The mineral suite characteristically consists of approximately

equal amounts of quartz and sanidine and a trace of coppery

“
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Figure 16: Potash feldspar phenocryst in tuff of South
Canyon from the measured section in South Canyon. Light
areas (s) are sanidine (anorthoclase) which stained
lightly for potassium with sodium cobaltinitrite. The
dark areas (a) are probably albite exolution lamellae
which have been altered to clay minerals. Alteration

has continued into some of the surrounding sanidine.

These bands of altered material stained much more strongly
for potassium than did the sanidine. Crossed nichols,

Fil 25K ‘
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Figure 17: Quartz phenocrysts with rhombic outlines

in the upper streaked zone of the tuff of South Canyon
from the measured stratigraphic section in South Canyon.
This shape is believed to result from sectioning a
dipyramidal crystal along or at a small angle to the

"¢" crystallographic axis. Crossed nichols, 31.25x.



57

biotite. '$he quartz is usually clear; sanidine may be
eithexr clear or white and cloudy and often shows blue
chatovancy. Near the top of the anit sanidine is as much
as twice as abundant as guartz. No unaltered plagioclase
phenocrysts were seen in thin section; however, trace
amounts of badly altered grains that resemgle altered
plagioclase phenocrysts in the Lemitar Tuff are seen in
the upper levels of the streaked intefval.‘.These never
exceed 1.0 per cent in abundance.

Sanidine occurs predominately as subhedral to euhedral,
tabular or equant crystals averéqing 1.0 mm in longest
dimension or as glomerophric clumps as much as 3 mm across.
Carlsbad twinning is common and much of the sanidine shows
lamellar exolution of albité in thin section. This exolution
is visible in hand specimen in white, cloudy grains. The
exolved.lamellae of albite (?) stained deeply with sodium
cobaltinitrite. 'This staining probably indicates that
the albite has been altered as has most of the plagioclase
in the Water Canyon area. One of these sanidine phenocrysts
with altered exolution lamellae is shown in figﬁre 16.

Quartz occurs as subhedral to euhedral crystals
averaging ‘1.0 mm in diameter and often shows internal
conchoidal fracturing. Many of the euhedral-phenocrysts
have four-sided cross sections. An exémple of one of these
is shown in figure 17. This shape is believed to result |
from sectioning a dipyramidal quartz crystal at a small

angle to the "c" crystallographic axis.
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Plagioclase may be present'in trace amounts in the
uppér parts of the streaked zone. Here, badly altered
grains which stain strongly with sodium cobaltinitrite
are present. The appearance of these altered grains and
their strong affinity for potassium stain suggest they
are plagioclase altered in the same way as that in the
upper Lemitar Tuff. No more than 1.0 per cent of these
grains were seen in any section and most sections had
none. Biotite occurs at all levels in trace amounts as
small, euhedral, thin plates;

Lithic fragments ére common, both as scattered
individuals and in pods up to several fee£ thick; some pods
may contain 50 per cent or more rock fragments. Lithic
fragments are more common in the lower crystal-poor part
of the tuff of South Canyon and decrease in abundance
somewhat in the upper intervals. One of the lithic-rich
pods from Bear Canyon, west of Pound Raﬁch (NE/4, Section
.17, T4S, R2W), is shown in figure 18. Gray-to-red aphanitic
silicic rock frégments,-andesite, and crystal-poor to
crystal~rich tuff (?) fragments are commén lithologies.
Fragments of both lower and uppef Lemitar Tuff are

frequently recognized.

Intermediate to Silicic Lavas

Similar sequences of rocks, younger than tuff of
South Canyon, crop out in two separate parts of the study

area, the Water Canyon Mesa and Pound Ranch areas. These
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Figure 18: Outlined area is a lithic-rich pod in the
tuff of South Canyon from south of Pound Ranch. Lithic

fragments make up as much as 60 per
and in some areas may be as much as
Lithic fragments in these zones are
andesites and Lemitar Tuff. Hammer
12 inches long.

cent of the rock

12 inches in diameter.
primarily basaltic

is approximately
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outcrop areas are separated by a two mile strip with no
correlative exposures. In both areas, intermediéte or
basic lavas overlie tuff of South Canyon. A later period
of exosion has cut through these lavas and underlying
units to the top of the Lemitar Tuff. Subsequently,
silicic'lavas containing plagioclase, biotite, and hornblende
phenocrysts flowed over these erosion surfaces._ Figure 19
compares the stratigraphic sequences. of these two areas.
Despite the similarities of these two stratigraphic
sequences, several factors éuggest that they are of different
ages: 1) the biotite-hornblende-bearing, upper Pound Ranch
lava has been dated at 10.4 m.y: (Appendix B), whereas the
similar lava from Water Canyon Mesa has bgen dated at 20.0
m.y. and underlies lower Po?atosa laharic breccias believed
to be early Miocene in age; 2) a sequence of local ash-flow
tuffs, which underly the upper Pound Ranch lavas, are
absent on Water Canyon Mesa; and 3} the lower.“intermediate"
lavas from the Pound Rancﬁ area are basaltic andesites or
basalts (chemical analysis of one sample yielded a silica
content of 49.5 per cent (Appendix B), whereés the lower
lavas from Water Canyon Mesa are more silicic and have
scattered quartz phenocrysts and potéssium feldspar
overgrowths on plagioclase phenocrysté. Due to the above
differences, the two sequences of rocksxare separated and

considered to be of two different ages.
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Water Canyon Mesa Area.
intermediate lavas

At scattered locations on Water Canyon Mesa, intermediate
composition lavas crop out in the stratigraphic interval
~above tuff of South Canyon. These lavas average 100 to 206
feet in thickness, but may be as much as 600 feet thick along
the mountain front north of South Canyon (NE/4, Section 25,
T3S, R3W). When a base is exposed, the lavas overly tuff of
South Canyon. They mayv be overlain by the Water Canyon Mesa
lava, the lower Popatosa lahariq breccias, or local {?), thin
ash-flow tuffs. |

These intermediate lavas normally crop out as rubbly
slopes covered with small piatey to angular colluvium. Near
the mouth of Water Canyon (SE/4, Section 53, T3S, R3W), cliffs
as much as 40 feet high are seen where the rocks are altered.
The rocks vary in color from brownish~gray to grayvish-red and -
usually weather to the same colors.: These lavas are moderately
porphjritic containing 5 to 15 per cent phenocrysts of
plagioclase, quartz, biotite, and pyroxenes. The amount and
size of phenocrysts appears to increase upward in the section.

Plagioclase is the dominant phenocryst in all of these
rocks but in most specimens alteration has obliterated the
albite twinning. In addition, most plagioclase grains have
a thin potassium feldspar overgrowth (?). These overgrowths

postdate fracturing of the phenocrysts and must have occurred
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very late in the crystallization history of these rocks.
Plagioclase grains from these rocks in various stages of
alteration aré shown in figures 20 through 23. In some
rocks, plagioclase is fairly fresh and shows only incipient
alteration (Fig. 20), or occasionally almost complete
alteration (Fig. 21). in other areas almost all the
plagioclase has been badly altered and relict albite twinning
is rarely seen. A typical grain from one of these badly
altered rocks is shown in figure 22. In one area in Water
Canyon (SE/4, Section 23), altered plagioglase'has been
replaced by calcite (Fig. 23}. On the same grain the
potassium feldspar overgrowths (?) aré fresh.

Scattered quartsz phenocrysfs (?) are found in these
lavas throughout the outcrop area. The quartz occurs as
rounded grains as much as 5 mm across and average 1.0 mm
in diameter. Most guartz Qrains have a brown or white
glassy rim. A rimmed quartz grain, as well és an altered
biotite phenocryst, is shown in figure 22. |

Biotite and pyroxene (?) phenocrysts are scarce and
highly altered. The biotite shows parallel extinction in
some grains but no pyroxene fresh enough for optical tests
was seen. Some of the postulated pyroxene may be hornblende.

The groundmass in some sections appears to be made up
of flow-aligned plagioclase microlites (Fig. 20). On close
examination many of the smaller microlites show no twinning
and were stained strongly for potassium with sodium cobalti-

nitrite. In other rocks the groundmass is trachytic (Fig. 23).



Figure 20: Partially altered plagioclase crystal in
the intermediate lavas on Water Canyon Mesa. Remnants
of twin lamellae extend to the white line although most
of the plagioclase along the edges of the crystal has
been destroyed. Crossed nichols, 31.25x.

Figure 21: , Altered plagioclase in the intermediate
lavas of Watexr Canyon Mesa. A small remnant core of
plagioclase is surrounded by a thick altered zone.
The thinner light-colored rim surrounding the grain
may be, or have been, a potassium feldspar overgrowth.
This rim was formed after the crystal was broken and
embayed. Crossed nichols, 31.25x.
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Figure 22: Plagioclase phenocrysts (light-colored) and
quartz phenocryst (dark spot in upper left) in the
‘intermediate lavas on Water Canyon Mesa. Many of the
plagioclase grains appear optically continuous and
resemble sanidine. However, they have wavy extinction,
in part, and similar grains are found in the Water Canyon
Mesa lava which does not contaln sanidine phenocrysts.
The quartz phenocryst is surrounded by a layer of tiny
crystals that may be a devitrified glass rim. Crossed
nichols, 31.25x.

Figure 23: Plagioclase phenocryst in intermediate lavas
from Water Canyon (Section 23). The plagioclase has
been completely replaced, except for.the rim, by mono—
crystaline calcite (light). The outer rim (dark) is
optically continuous and appears unaltered. This

rim is probably potassium feldspar which was not affected
by the fluids which altered and replaced the plagioclase
grain. Crossed nichols, 31.25x.
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erosional unconformity

A period of erosion followed deposition of the inter-
mediate lavas on Water Canyon Mesa. The stratigraphicx
- interval affected by this erosion is well exposed along
. the north side of South Canyon and it is here- that the
erosion surface can best be seen. Over the eastern part
of the eXPosﬁre only the intermediate composition lavas
and upper parts of the tuff of South Canyon were removed.
Farther west, however, near the northeast corner of Buck
Peak, all of the tuff of South Canyon and most of the under-
lying'basaltic andesites were removed. Here the erosion
apparently formed a valley of considerable depth since the
overlying Water Canyon Mesa lavas are much thicker in this
areé. This valley is thought to have’trended nérth—south
through the area where a high ridge of Water Canyon Mesa
lava now is found (W/2, Sections 25 and 36, T3S, R3W).

At several locations along both sides of South Canyon,
a few feet to a few tens of feet of indurated colluvium is
found on this erosion surface under the overlying Water
Canyoh Mesa lavas. These deposits are made up of poorly
sorted, angular clasts, as much as several feet in diameter,

surrounded by a dense, reddish-brown, fine-grained matrix. '

l
/--

Some of the deposits are mud supported; in others the
clasts are tightly packed. Clast lithologieS'include.

basaltic andésites, tuff of South Canyon, and Lemitar Tuff.
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Thin layers of sand were seen interbedded with these breccias
south of South Canyon (8W/4, NW/4, Section 1, T4S5, R3W,

unsurveyed) .
" Water Canyon Mesa Lavas

A thick lava flow, containing plagioclase, biotite,
and hornblénde as major mineral phases, éccurs on Water
Canvyon Mesa {Sections 25, 35, and 36, T3S, R3W). These 1évé§‘
lie on the previously described erosion surface and are
overlain by laharic breccias believed to be Yower Popotosa,
or a younger poorly exposed interval of alluvium of unknown
age (Sections 26 and 35). 1In a‘few areas, lithic~rich basal
zones in the lava contain clasts of tuff 6f South Canvyon,
Lemitar Tuff, and basaltic éndesiteé. 'Also present,
locally, is a basal, black vitrophyre as much as 25 feet
thick. The lava flow is as much as 500 feet thick on the
north side of South Canyon but thins rapidly in all
directions. SEeep contacts on the south side of South
Canyon show the presence of significant topographic relief
at the time of eruption.

The unit weathers to largé, joint-bounded blocks and
forms steep, rugged slépes or cliffs where well-exposed.

The rocks are moderate-grayish-pink to grayish-red in

color when fresh and weather to lighter shades of these
colors. The rock is coarsely porphyritic in hand specimen
containing from 15 to 40 per cent phenocrysts of plagioclase,

biotite, and hornblende. 24ll of the hornblende and much
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of the biotite and plagioclase is altered where the réck
is devitrified. 1In the vitrophyre, however, all minerals
are unusually fresh.

Plagioclase dominates the mineral suite, making up 80
per cent or more of the phenocrysts. In fresh specimens,
plagioclase occurs as complex, often broken, equant crystals
that average 1 to 2 mm in length, but may be as much as 7 mm
long. The plagioclase shows strong normal, zoning ‘and has
oscillatory_zonation on a smaller scale. Compositions were
observed to vary from Angg to Ang, kandesiné) (Rittman zone
method, 12 grains). In most specimens, however, the plagioclase
is severely altered and many of the grains are plucked out
during thin section preparation. In these thin sections,
the'reﬁaining plagioclase grains are either skeletal remnants
or‘grains with "feathery extinction” patterns. These usually
show no rémnant alﬁite twinning and stain strongly for
potassium. No sanidine is found in the fresher spedimens,
however, and these grains are probably the result of altera-
tion and potassium enrichment. This plagioclase alteration
resembles that seen in the underlying, intermediate-composition
lavas and the Lemitar Tuff.

Thin plates of light~green, pléochroic biotite occur in
amounts as great as 2 per cent and average 1.0 mm in diameter..
In many specimens, the biotite is partially to completely
altered to iron oxides. Hornblende occurs as laths as much
as 4.0 mm in length and in amounts as great as 1.0 per cent.

It is completely altered to iron oxides in most specimens and



RS

is fresh only in the vitrophyre. Magnetite occurs in trace
amounts as rounded or euhedral grains as much as 1.0 mm in
diameter. Rounded and embayed quartz phenocrysts as much
as 3.0 mm in diameter also occur in trace amounts in some

specimens.
Pound Ranch Area.
basalt and basaltic andesite lavas

In the area west of Pound Ranch, scattered outcrops of
basaltic andesite and/or basalt f£flows occur above the tuff
of South Canyon. These mafic flows post—dafe erosion of the
tuff of South Canyon and are cut by a later period of erosion.
The closest constraint on the minimum age of these lavas is
the overlying 10 m.y. old Pound Ranch lavas. The mafic
interval is as thick as 200 feet at several places and
a much greater thickness may be present immediately west
of Pound Ranch (SE/4, Section 4, T45, R2W). The top of the
unit is everywhere eroaed and thicknesses change abruptly.
These lavas cloself resemble the interval of basaltic
andesites below tuff of South Canyon. Some cof the rocks have
reddish altered pyroxene phenocrysts and these could not be
distinguished from the similar rocks in the lower interval of
basaltic andesites. These aphanfic rocks have a pilotaxitic
groundmass and contain a few per cént orthopyroxene plus
clincpyroxenes. In some of these rocks, scatteréd oliﬁine

phenocrysts are also present.
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In several areas, the rocks also contained plagioélase

and abundant olivine phenocrysts and at one location, in
Bear Canyon west of Pound Ranch (NW/4, Sec. 9, T4S, R2W),
olivine clots as much as 2.0 cm in diameter are found..
Chemical analysis of this olivine-rich rock revealed a -
SiO2 content of 49.5 per cent (appendix B). This same rock
in thin section resembled the plagioclase and olivine bearing
basaltic andesites from the interval below tuff of éouth
Canyon but contained more pyroxene and olivine. Thése
rocks which contain olivine clots are coarsely porphyritic
and may contain as much as 25 per cent phenocrysts of
plagioclase, olivine and pyroxenes; their texture is seriate.

_Plagioclase dominates both the pheﬁocrysts and the
groundmass in these olivine rich basalts. As phenocrysts,
it occurs as blocky or tabular, anhedral to subhedral crystals
that sometimes show pronounced reverse zonation. Normal
zonation was also observed. The zonation is sharp in somé
grains and suggests two generations of plagioclase growth.
"Sieve structure" resorption features are common; the holes
in the plagioclase often contain small pyroxene grains. |

Plagioclase compositions vary from An,, to An (labradorite)

49 70
{(Rittmann zone method, 6 grains).
Olivine occurs as rounded grains as much as 3 mm in
diameter and in amounts as great as 3 per cent. Most such
grains show alteration rims of iddingsite (?). Most of

the pyroxene phenocrysts are badly altered in thin section

and were not specifically identified.



The groundmass is composed of a framework of plagioclase
microlites which make up about 50 per cent of the fine-grained
portions of the rock. Pyroxene microlites and euhedral to

rounded magnetite grains make up the remainder.
erosional unconformity

A period ofAfaulting and erosion produced a surface
with significant topographic relief by the time the Pound
Ranch lavas were erupted. This erosion surface is easily
seen in several areas west of Pound Ranch where the basaltic
andesite interval above tuff of South Canyon abruptly thins
or 1s truncated. In most areas, 6n1y the mafic lavas are
eroded; however; farther west (NW/4, Section 18, 745, RZW);
erosion cut entirely througﬁ the tuff of South Canyon and
the underlying basaltic andesites to the £op of the Lémitar
Tuff. The combined thickness of these eroded units is 800
to 1000 feet at this location. Attitudes of the tuffs that
underly the Pound Ranch lavas suggest dips were in the same
direction as today but 10 to 15 degrees gentler at the
time of Pound Ranch lava emplacement. The erosion surface
cited above is perpendicular to strike; therefore, since
we go down section as much as 1000 feet traveling in a
direction nearly parallel to strike (see Plate 1) at least

several hundred feet of topographic relief are-indicated

on the pre-Pound Ranch lava topographic surface.:
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pre-Pound Ranch lava sediments

A 50~ to 100-foot-thick sequence of variable, conglomeratic
sedimentary rocks overlies the upper Lemitar Tuff on the
erosion surface described above in thé extreme south-central
part of the study area (SW/4, NE/4, Section 18, T4S, szf,
.The lower sedimentary layers are coarse, héterolithic breccias
cemented with a dense, reddish-brown, siliceous material.
The clasts are mainly Lemitar Tuff, tuff of South Canyon
and basalts to basaltic andesites. Upward in the sequence,
sandy, conglomeratic beds prédominate and‘toward the top
of the sedimentary interval tuffaceous bedé are present.

The contact with the overlying, pre-lava ash-flow tuffs is
concealed by colluvium. The lower beés resemble lower
Popotosa laharic breccias, but the stratigraphic limits
do not allow correlation.

Sedimentary rocks also crop ocut approximately one mile
northeast of these last sedimentary outcrops (SW/4, SE/4,
Section 8, T4S, R2W). These latter rocks are locally
sandy, well-indurated, red or reddish-~brown, heterolithic
'_coﬁglomerates. The stratigraphic position of these rocks
is not clearly exposed and only a few tens of feet of
outcrops are present. These rocks lie above tuff of South
Canyon and at least part of the overlying basaltic andesites
and appear to underly the pre—Pound—Ranch-lavé tuffs. In
the easternmost outcrop at this location, the seﬁimentary

rocks lie in an arroyo bottom south of a ridge of tuff of



South Canyon. This reversed stratigraphic relafionship is
thought to be due to pre-sediment, erosional topography
but could be the result of undiscovered faulting.

" The two areas of sedimentary rocks just described
both underly upper Pound Ranch lavas and appear to be
deposited on the same erosion surface; however; the
stratigraphic evidence does not permit conclusive correla-

tion of these two outcrops.
pre-Pound Ranch lava ash-flow tuffs

Overlying the erosional unconformity and the scattered
outcrops 0of sedimentary rocks in the Pound Ranch area are
local ash-flow tuffs. ‘Two petrographicaily and texturally
distinctive intervals were separated in this study. They
are a lower, poorly welded, light-colored interval, and an
upper,.dark, densely welded, vitric interval. The contact
between these two intervals is sharp or sharply gradational
over a few feet., Both tuff intervals occur in scattered
outcrops in an area of three square miles south of Sixmile
Canyon (Sections 7, 8, 17, and 18, T4S, R2W); the vitric
upper interval is found alone to the east near Pound Ranch
(Sections 9 and 10, T4S, R2W). Thicknesses oftenvvary
abruptly and in some cases the tuffs are overlain at high
angles by the overlying upper Pound Ranch lavas (Plate 1,
NwW/4, Section 8). These tuffs are thought to be pre-lava
pyroclastic deposits; therefore, it seems probable that

this angular relationship was caused by erosion of the
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surface over which the lava flowed. - In one area south of
Sixmile Canyon (N/2, Section 18), the lower light—cpl&red
tuffs thicken against major faults (Fig. 27}. -Thig is
interpreted to indicate pre-tuff movement on these faults;
subsequent offset is also evident. -The total thickness of
the two units is normaliy less than 50 feet but thicker
sections are found locally. The maximum thickness known is
300 feét in N/2, Section 18; the section there is entirely

the lower light-colored tuff.

lower tuff interval.. The lower tuff interval is made

up of poorly welded, ash-flow tdffs but may contain local
bedded air-fall tuffs and sediment intervals near the base.
The rock ié normally buff to light-brown in color and
usually contains several per cent reddish-brown or dark-
brown lithic fragments. In thin section, these lithic
fragments can be seen to be mainly basaltic andesites or
reddish glass, sometimes with preserved shard structures.
The rocks weather to small, platey fragments but form steep
slopes and may stand as prominent, rounded light-colored
cliffs.

In hand specimen, lithic fragments and pumice are
numerous and prominent, but phenocrysts appear scarce.
Thin sections reveal, however, as many as 20 per cent
phenocrysts of plagioclase, sanidine, guartz, biotite,
and hornblende. The mineral species and relative abundances

closely match those of the lower Pound Ranch lava. Based



on this mineralogical data, it is probable that the lower
tuffs and lower Pound Ranch lavas are related uﬁits but no
other supportive"data is available.

Plagiociase, the most abundant mineral, occurs as
brokén, tabular or egquant crystal fragments averaging~0.4 mﬁ
in longest dimension. Plagioclase averages one-half to
two—-thirds of the phenocryst content and may reach 12 per
cent of the rock. The plagioclase is strongly zoned (normal)
and most is fresh; although some grains show “éieve structure"”
reéorption. Plagioclase compositions vary from An27 to-

An53 (andesine) (Rittmann zone method, 10 grains).

Sanidine occurs as angular to slightly rounded, equant'
crystal fragments and makes up as much as 3 per cent of the
rock.. The sanidine phenocrysts are usually untwinned and
average 0.4 mm in longest dimension. -Quartz is present in
amounts as great as 2 per cent as large rounded grains as
much as 1.5 mm in diameter or as small, broken fragments
averaging 0.3 mm in length. Light-green, pleochroic biotite
may make up as much as 0.5 par cent of the rock and trace

amounts of hornblende and magnetite are present.

upper vitric tuff interval. An intexrval of tuffs made

up of several thin ash-flows with thin, interbedded air-fall
layers overlies the lower light»colorea tuff interval in
most areas. This vitric~tuff interval, as much as 50

feet thick, weathers to angular blocks and forms ledges

and small cliffs in outcrop. Both the ash-flow tuffs

and interbedded air-fall tuffs are usually fused to a black



78

or dusky-red glass and pumice havekcollapsed to black glass
lenses. The black vitrophyre of the upper Poﬁnﬁ Ranch lavas
normally overlies the vitric tuffs and the occurrence of
these two black, glassy.units together obscures the contact.
Clasts of the underlying vitric tuffs are often incorporated
inte the basal layers éf the lava vitrophyre. |

These vitric tuffs may have been hot enough to fuse
themselvesland the interbedded air-fall beds as the ipdividual
units were émplaced, Alternativeiy, the ash-flows and air-
fall tuffs both may have been fused by contact with large
amoﬁnts of‘hot, upper Pound Ranch lavas. A photograph |
showing one of the fﬁsed air-fall tuff beds in an outcrop
of ash-flow units is shown in figure 24,

The vitric tuffs are pérphyritic containing 10 to 20
per cent phenocrysts of plagioclase, biotite, and hormblende.
Small rounded guartz phenocrysts and roundedhmagnetite grains
occur in trace amounts, Mineralogically these tuffs closely
resemble the upper Pound Ranch lavas and the tuffs are
always closely associated with the lavas in outcrop. It
~seems probable, therefore, that the tuffs are a pyroclastic
unit associated with eruption of the upper Pound Ranch lava.

Plagioclase is the dominant mineral and normally comprises
80 per cent of the phenocryst content. It occufs as broken,
equant to tabular, subhedral crystals as much as 3 mm in
length, but'averaging 0.8 mm in longest dimension. Most
samples are fresh and many show "sieve structure"'resoiption

features. The plagioclase shows styrong normal zoning and
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Figure 24: Photograph of an interval of the vitric tuff
near Pound Ranch (SE/4, Section 4, T4S, R2W). These
tuffs are normally 10 to 40 feet thick and consist of a
sequence of ash-flow tuffs and bedded tuffs, all of which
have been fused to glass. Pumice have collapsed to lenses
of black glass. In this photograph, the lower and upper
darker beds (af) are ash-flow tuffs. The center lighter-
colored bands (b) are fused bedded tuffs. Brown to
reddish-brown lithic fragments (L), which resemble the
overlying lavas, are also glassy. Black numerals on
scale are in tenths of feet. :
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some oscillatory zonation on a smaller scale. Plagioclase

33 to Ans7 (andesine to labradorite)

(Rittmann zone method, 15 grains). Light-green or reddish-

compositions vary from An

brown, strongly pleochroic biotite occurs as hexagonal
plates that average 0.6 mm in diameter. Biotite may reach
1.0 per cent in abundance. Pleochroic hornblende occurs
~in amounts as great as 1.0 per cent as laths as much as

2.0 mm in length and 0.5 mm across.
lower Pound Ranch Lavas

A quartz—~rich lava flow crops out in two relatively
small areas south of Pound Ranch (S/2, Section 3, and N/2,
Section 10, T4S, R2W and NW/4, Section 13, T4SL-RZW)T No
basal contact is known for this flow; however, it is the
age equivalent of upper Popatosa Formation. These lavas
have no exposed contact with the tuff intervals that are
normally present under the upper Pound Ranch lavas; however,
mineralogical similarities suggést these lavas may be
related to the lower, poorly welded tuff interval. Lavas
similar in lithology and age to the Pound Ranch lavas
are interbedded with the Popatosa Formation in the Socorro
Peak area (Chamberlin, 1978).

A minimum of 400 feet of lava is indicated by topographic
expression, but the dip of foliation planes is steep and the
maximum thickpess may be much greater. These lavas stand
topographically higher than some of the surrounding upper

Pound Ranch lavas. At the southern outcrop area, the upper
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lavag dip away from ﬁhe contact with these lower lavas, .
in some cases in opposition to regional dip. These
factors suggeét the lower lavas stéod as a topographic
high {(probably as a dome or domes) at thé time of upper
Pound Ranch lava emplacement.

- The lower Pound Ranch lava is coarsely porphyritic
and cdntains phenocrysts of plagioclase, sanidine, guartz,
"biotite and hornblende. A chemical analysis indicates

73.0 per cent $i0., (Appendix C); the rock is a rhyolite

2
chemically but a guartz latite mineralogicaily; A sample
collected from NE/4, NW/4, Sect%on 15, T4S, R2W gave a

date of 11.8 = 0.5 m.y. using the K/Ar methéd on biotite
(Appendix B}.

The rock is typically ﬁale—reddish-brown, dense and
stony, and weathers to rounded boulders or ledges in
outcrop. A vitric phase is present at both.outcr0p areas
and may be various shades of gray, yellow or light brown:

In thin section, the rock conﬁains about 10 per cent
quartz and plagiloclase and one to a féw per cent sanidine
and biotite. Trace amounts of hornblende are also present.
Quartz occurs as anhedral, rounded and often embayed grains,
as ﬁuch as 3 mm in diameter, but averaging 1.0 mm in size.
Internal fracturing, in'some cases closely spaced, regular,
and resembling cleavage, is prevalent in the quartz.
Plagioclase occurs both as single, simple crystals and as
large glomerophyric groups. The plagioclase varies in size

from 0.5 mm to 4.0 mm and averages 1.5 mm in longest dimension.
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Plagioclase compositions vary froﬁ An,, to An43 (oligoclase

to andesine) (Rittmann zone method, 10 grains). The plagioclase
has strong oscillatory zoning but overall normal zonation is |
characteristic..

Sanidine is found as subhedral to anhedral untwinned
crystals averagiﬁg 1.5 mm in longest dimension. Some of the
sanidine surrounds plagioclase crystals. Most sanidine is
broken in thin section; however, euhedral, éften carlsbad
twinned, ﬁabular sanidine crystals as long as 2 cm Weathef
out of some outcrops. Light-green, pleochroic bictite, as
blocky or thin plates, makes up as much as 2‘per cent of the
rock and average 0.3 mm in diameter. Tracé amounts of
magnetite as rounded grains and hornblende as elongate, .
euhedral laths also occur.

The groundmass of the non-vitric rocks has devitrified
to spherulites of radiating guartz and potassium feldspar.

These spherulites average 5 mm in diameter and, in some
afeas, have partially recrystallized in irregular ﬁatches

to a mosaic texture.
upper Pound Ranch lLavas

An extensive, porphyritic lava flow containing pheno¢rysts
of plagicoclase, biotite, and hornblende crops out over a |
large part of the eastern study area (Elate l). Thick,
relatively continuous‘outcrops are found in a two-mile-wide
strip trending south from Pound Ranch (Séctions 3, 4, 9, 10,

16, and 17, T4S, R2W). Discontinuous scattered outcrops



occur to the west of this strip (Sections 5, 7, 8, 13, and

18, T4sS, R2W}, and one small, but stratigraphically important,
outcrop is found two miles southeast of Pound Ranch {Section
12, T4S, R2W). |

The lava unconformably overlies all older units above
Lemitar Tuff. No rock units overlie the lava except at the
eastern isolated oﬁtcrop (Section 12). Here, a few tens of
feet of Popotosa mudstones and a thinxbasalt flow overlie
these lavas.

In the eastern part of the éxposure area, wﬂere outcrops
are fairly continuous, at least 600 feet of upper Pound
Eanch lava is exposed (NE/4, Section 16)}. The_true max imum
thickness may be much greatér, but in most areas 400 feet,
or less, of the lavas are féund.  The unit pinches out to
the north and west and is downfaulted and covered to the
east. These same lavas are exposed for at least another
miie south of the study area but relationships there are
not kﬁown. Original thickness of the uﬁit appears to have
been partially controlled by pre-existing topography.

A probable vent is located about one mile southwest of
Pound Ranch (NW/4, Section 10)}. It is defined by a linear
zone of vertical foliation awéy from which foliation
attitudes flatten in both directions. A cross-section-like
exposure of this vent zone is found on the northwest slope'
of the prominent, horthntrending ridge in Section 10. This
vent location is supported by the rough convergence of flow

directions taken on tension cracks and flow fluting within
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1.5 to 2.0 miles of the vent. Measﬁrements taken farther
away, particularly to the west, tend té be erratic in
direction. | |

A sample collected from 2 miles south of Pound Ranch
(NW/4, Section 15) gave a date of 10.5 % 0.4 m.y. using the
XK/Ar method on biotite; chemical analysis of the same samp;e
yielded 72.3 per cent Sio2 (Appendix C). A rock with
plagioclaéer biotite and hornblende, but no quartz or
potassium feldspar is an andesite in the terminology of
Travis, 1955. However, the high silica content, viscous
flow structures, and light color of these rocks indicates
that they are rhyolites or quartz latites.

The flow is zoned texturally but not mineralogically.
In a complete exposure, a black, basal vitrophyre, a few
feet to 100 feet thick, is overlain by a thick section of
reddish~brown lava. This lava is finely flow-foliated at
the base (scale of a few mm) and gradually becomes more
massive upward. The foliated lower lava closely resenbles
a flow-banded, ash-flow tuff. Within this lowexr interval,
foliation attitudes are consistent and roughly conformable
with regional attitudes. Higher in the unit, the flow~banding
becomes erratic and attitudes are unrelated to regional dips.
The lower, finely flow-foliated interval is absent in areas
more distant from the vent. The gradation in textural
features and the upward increase in phenocryst content from
10 to 25 per cent suggest the lava was initially hotter

and cooled during the eruption. Changes in volatile content
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may have also affected the change in fluidity. A photograph
showing a complete section of upper Pound Ranch lavas a£d
part of the underlying, vitric tuff inteﬁval is shown in
figure 25.

The lower parts of the upper Pound Ranch lava are
normally moderate-red to grayish-red in-coloxr and darker
than the upper intervals of the f£low which ére pale~red
when fresh. Both intervalé weather to lighter shades and
pick up brownish or grayish color tints. Manganese staining
is common on joints and weathering surfaces. In outcroé,
the lower lavas form blocky ledges with a slabby surface
and the upper intervals weather to slightly more rounded
blocks and ledges. Both intervals may form cliffs on
steep slopes.

In thin section, plagioclase is the dominant mineral
and averages 70 to 90 per cent of the phenocrysts. It

‘occurs as broken, tabular to equant, single crystals or in
glomerophyric aggregates. The plagioclase is strongly
zoned and "sieve structure" resorption featufeé are common

in some sections. Compositions vary from An to An

32 55
(oligoclase to labradorite) and much of this range can
be seen within a single crystal (Rittmann zone method, 20
grains).

Eiotite, as pleochroic light-green or reddish-brown
thin plates, averaging 0;7 mm in diameter, makes up as

much as 2.0 per cent of the rock. Pleochroic, euhedral

to subhedral hornblende phenbcrysts average 1.0 mm in
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Figure 25: Outcrop of upper Pound Ranch lavas and the
underlying vitric tuff interval. The upper dense parts
of the lava flow (U) at the top of the hill are crudely
flow-foliated. The lower cliffy interval (L) is the
finely laminated basal lava. A thin black vitrophyre
(v) usually underlies the lavas and overlies the vitric
tuff interval (vt). The hill is about 320 feet high.
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cross section and may be as long as 4 mm. The hornblendé,
about as abundant as biotite, make'up as much as 1.5 -pex
cent of the rock. Both biotite and hornblende are usunally

partially altered to magnetite.

Popotosa Formation

The Popotosa Formation is the name given to the lower
Santa Fe Group‘in the Socorro-Magdalena area (Denny, 1940).
These sedimentary rocks are diverse in lithology; the
formation contains mudstones, fanglomerates, and laharic
'brecéias (Bruning, 1973). In this study area, the Popotosa
Formafion consisﬁs of a lower interval of laharic breccias
and an upper mudstone interval. The laharic breccias are
a part of Bruning's "fanglomerate facies" and the muéstones

are probably correlative with part of his "playa faciles".
lower laharic breccias.

A thick sequence of laharic breccias crops out over
much of the northern half of Water Canyon Mesa (Sections
23, 24, 25, and 26, T38, R3W). Similar rocks are also
found in the extreme southeast corner of this study area
(Section 13, T4S, R2W). Similar laharic deposits also
occur in this interval in the Socorro-Lemitar Mountains
(R. M. Chamberlin, oral communication, 1977).

On Water Canyon Mesa, the laharic breccias overlie
"intermediate lavas", Water Canyvon Mesa lavas, thin guartz-

rich ash~flow tuffs, or bedded tuffs. Thin lenses of
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sandstones are also found under the laharic breccias at
several locations on Water Canyon Mesa and may represent
deposits in small channels. WNo rock units except an
aluvial unit of uncertain age overlie the laharic breccias
on Water Canyon Mesa. Southeast of Pound Ranch, the basal
relationships of the lower Popotosa laharic breccias is
not exposed, but the upper surface appears to be an
erosional unconformity with considerable topographic relief.
This unconformity is.o§erlain by mudstones believed éo be
middle to late Popotosa in age. |

The lower Popotosa laharic breccias crop out as cliffs
and steep ledgy slopes and form the steep scarp along the
east side of Water Canyon in the northern extent of the
canyon. 'The rocks are well indurated with a ﬁatrix as
resistant as the clasts so that the rock fractures across
clasts rather than around them. The unit weathers to large
boulders and produces profuse talus which often obscureg
basal contact relationships. Cross sections indicate a
maximum thickness of 400 to 500 feet in the Water Canyon
area. These rocks generally are reddish in color but lighter
or darker clasts may locally impart other_colors to the

.rock.
" mudstones.

A few small outcrops of mudstones are found along the
eastern map boundary. Larger surrounding areas are mapped

as alluvium both east and west of the graben containing
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down-faulted upper Santa Fe'gravels. The alluvium is
probably underlain by these.same mudstpnés. On the east
side of this graben, the mudstones apparenﬁly overlie‘the
Popotosa laharic breccias on an erosional unconformity.
Along both sides of the graben, thesé mudstones have

eroded more rapidly than the down-~faulted upper Santa Fe
gravels creating reversed topography along the graben-bounding
faults. Upper Pound Ranch lavas apparently overlie the
erosional unconformity and are buried by mudstones along

the eastern map boundary. Cross sections indicate these
mudstones to be as much as 300 feet thick; however, outcrops
are scarce and undiscovered fauits may be present.

Where exposed the mudstones are massive or cruaeiy
bedded and may be shades oftmaroon, green or brown. In
many outcrops, they are relatively pure clay but a short
distance east of the study area, coﬁglomeratic sands are

interbedded in the mudstones. The mudstones are overlain

by a thin basalt flow.

Basaltic Lava Plow

‘A basaltic lava flow crops out in a small part of the
eastern study area. The flow overlieg Popotosa mudstones
and is overlain by sands and conglomerates believed to be
upper Santa Fe gravels. Another small deép;y weathered
outcrop occurs in an arroyo bottom immediately south of
the stock tank in Section 11. Here, the basalt underlies

a thick sequence of upper Santa Fe gravels. The presence



of sand and tuff layers in the mudstones directly beneath
this basalt suggeét it may be correlative with the basalt
of Black Mesa under which similar sequences of rocks are
found (R. M. Chamberliﬁ, oral communication, 1977).
Alternatively, the flow may be correlative with basalts
interbedded in the Popotosa mudstones. They would then
be unconformably overlain by the upper Sénta Fe gravels.
Where well exposed ﬁhis flow forms ledge§ and caps
small ridges within the poorly conéoli&ated sedimentary
rocks. It varies from 0 to 30 feet in.thickneSS’anduthe
rocks are greenish-black when fresh and weather to yellowish
. or brownish colors. The rock contains sparse plagioclase
phenccrystes and haé a sugary texture, sub-vitreous luster
and has a white, speckled appearance on a broken surface.

These textural features suggest that the rock is silicified.

Tertiary Intrusive Rocks.

Intrusive rocks are restricﬁed to the western part of
the study area. The majority of the intrusives preéent
are "white rhyolite" dikes and domes; mafic, monzonite
and rhyolite dikes occur in lesser numbers. Age control
on these intrusives is poér. The récks are clearly younger
than the rocks they intrude (0Oligocene); a few intrude
Lemitar Tuff (26.3 m.y.). Lower age limits are not
available for any intrusi&e except the northernmost white-

rhyolite dome which is overlain by Popotosa laharic breccias.



White Rhyolite Domes

Two white rhyolite domes are thought to be the youngest
volcanic rocks on Water Canyon Mesa. These domes apparently
intrude Water Canyon Mesa lava and the northernﬂdome is
ove;lain by Popotosa laharic breccias. Both domes are
apparently cut by 1ate£ faulting (Plate'l). Veins in the
northern dome parallel the cliff face of the overlying
Popotosa laharic breccias and probably lie along a continuation
of the large fault present to the south (Plate 1, Section 29).
Calcite, quartz, barite, and occasionally limonite or
hematite pseudomorphs after pyrite occur in these veins.
Little alteration is found along intrusive contacts of these
domes. At the southern dome, a thin intrusive breccia is
fouﬁd along the northern contact with Lemitar fuff and,
in a few areas, rocks are silicified near the contacts with
these domes. |

The two rhyolite domes are similar lithologically.

Both are flow-banded (Scale of 1 to a few mm), break intq

small platey colluvium, and weather to rounded topography

with few outcrops. Both are relatively crystal-poor containing
a few per cent quartz and sanidine phenocrysts. The northern
dome contains one to a few per cent phenocrysts and the
southern dome contains 8 to 15 per cent phenocrysts. In

thin section, the éouthern dome (Section 35) averages 12

per cent quartz, sanidine and biotite phenocrysts. Quartz

and sanidine dominate the mineralogy and occur in approximately



equal amounts. The guartz is subhedral to anhedral and
may be slightly rounded or embayed; it avérages 0.7 mm in
diameter. Sanidine is fresh, commonly carlsbad-twinned,
and averages 0.7 mm in lengtﬁ. As much as 2 per cent
badly altered plagioclase (?) (grains resembling the
altered plagioclase in other units in the Water Canyon Mesa
area) are found in one thin section. Trace amounts‘oé

"biotite are also present.

White Rhyolite Dikes

Dikes lumped undef this heading aie guite variable in
total phenocryst content, weathéring characteristics and
type and degree of alteration. Phenocryst content varies
from almost zero to as much as 30 per cent. Some of the
dikes are resistant and weather to walls that stand above
surrounding topography; others weather to platy rubble and
low relief. Many are silicified, have overgrowths on guartz
phenocrysts, and show al£eration of biotite to chlorite and
sericite. Gold has been mined from one such silicified
white rhyolite dike in South Canyon, west of this study
area, and prospect pits are commonly found afoun& these
dikes within the study area. However, no economic mineraliza-
tion is known to be associated with these dikes in the
study area. |

‘The white rhyolite dikes tend to occur along local

structures. Many trend approximately north-south but other

trends are common. ‘Most are elongate and vary from a few



feet to 150 feet in thickness, but a few are relatively
equant in shape. Né systematic variations were noted in
these dikes. Their relative ages are unknown; however, it
is considered probable by this writer that more than one
intrusive episode is represented due to the diversity of
characteristics present.

All of the white rhyolite dikes have gquartz és the
dominant phenocryst and are light in color. Most contain
only gquartz, sanidine, and traces of biotite, but a few
of the more crystal-rich dikes qontain appreciable plagioclase -
and a few have limonite pseudomorphs after pyrite. Colors
vary from white to yellowish-gray in most areas; however,
one dike which intrudes Lemitar Tuff in Sixmile Canyon is

grayish-red.

Rhyvolite Intrusions

In the south-central part of the study area, along the
upper reaches of Rincon-Madera Canyon, at least three
rhyolitiC'intiusions ére found (Section 18, T4S, R2W).

These rocks closely resemble the rhyolitic lavas in the

unit of Sixmile Canyon but are thought to be considerably
younger since they intrude Lemitar Tuff and tuff of South
Canyon. The eastern two intrusions are émall and elongate
but the western intrusion is larger and can be considered

a small dome. Both areas are situated along major fault
zones and the magmas may have intruded along these structures.

in outcrop, these rocks weathex to small angulax talus



and form areas of low relief except where silicified along
fracture zones. Colors vary from pale-red té pinkish-gray
and the rocks are often mottled. Flow-banding is scarce,
but steep where present. Andesite lithic fragments are
common in some areas and appear to have been embéyed by

the lava in some specimens. These andesites contain reddish
oxr brown altered pyroxene phenccrysts and resemble the
basaltic andesites that occur above Lemitar Tuff.

The vocks are moderately porphyritic in hand specimen
and contain 10 to 20 per cent sanidine and quartz phenocrysts.
Almost all the phenoccrysts are sanidine which is usually
tabular and averages 1.5 mm in iength but may reach lengths
of 4.0 mm. When fresh, the sanidine may exhibit blue or
pearly white "chatoyancy". 'Quartz is present in trace

amounts as small rounded grains and coppery biotite is also

present in trace amounts.

Monzonite Dikes

Several monzonite dikés are fouﬁd along Water Canyon
intruding rocks as young as the Spears Forﬁation.. The over-
lying units have been eroded from this area. D. Krewedl (1974)
suggested that there is a genetic relationship between these
dikes and the Water Canyon Stock (30.5 m.y.; Section 16,

T35, R4W). The dikes trend in a northerly direction,
parallel to local structuré.

In outcrop, these dikes stand above surrounding térraip

as walls sometimes as much as 20 feet high and weather with a -’



rounded irregular surface, They are bordéred by a thin
bleached zone along- intrusive contacts. The monzonite
varies from moderately porphyritic along contacts to
coarsely porphyritic in the interiors of dikes. Phenocrysts
are sanidine, plagioclase, quartz, and mafic minerals.
Sanidine is the most abundant and largest of the phenocrysts
and sémetimes weathers out of outcrops in euhedrai cyrstals
as much as 5 com in length. Plagioclase occurs in smaller
phenocrysts as does guartz which is usually rounded and
embayed. Krewedl (1974) reports considerable variation in
feldspar ratios and the amount of mafic minerals between
dikes. kHe also attributes the green color common in hand

specimens to chloritization of mafic minerals.

Mafic Dikes

A few small, fine-grained mafic dikes occﬁr along the
western border of the study aréa; two small mafic intrusions
are also seen in the basaltic andesites above Lemitar Tuff
in Sixmile Canyon (NW/4, Section 5, T4S, R2W) and a few

other small mafic aikes intrude fault zones in the Lemitar
Tuff at scattered locations in the central studyrarea
(Plate 1l). These dikes are generally small, greenish in
color, fine-grained and deeply weathered. They often
intrude the same fault zones as white rhyolite dikes and
one was seen within é larger white rhyolite dike just
southwest of Buck Peak. These dikes were not studied in

detail. One thin section from Sixmile Canyon had a



pilotaxitic groundmass of plagioclase, pyroxenes and
magnetite. Most of the plagioclase and pyroxene were

altered.

Tertiary-Quaternary Sedimentary Rocks.

A Quaternary fault scarp trends northeast from the
mountain front just south of SoutﬁxCanyon. South of this
down~-to-the-north fault, an old piedmont slope, whose
surface now stands 60 to 100 feet above the bottoms of
activeiy down cutting arroyos, descends eastward from the
mountain front. The surface of this piedmont slope is
largely covered with rounded pegble to cobble sized clasté
of volcanic rocks. The lithologies of these clasts are
diverse but restricted to Tértiary volcanic rocks which'
crop out along the nearby mountain front or along canyons
that penetrate the mountains. Near the mountain front,
the slope is a bench cut on the eéstudipping Tertiary
volcanic units. Outcrops along Sixmile Canyon (Sections
32 and 33) show this relationship well. Here, the volcanic
bedrock is overlain by a few feet to as much as 100 feet of
heterolithic fanglomerates. Farther to the east and north
(Plate 1, drill hole data a and b), the undexrlying rocks
are upper Santa Fe sedimentary rocks. These are largely
gravelly sandstones or gravelly mudstones. Clasts within
these older deposits are lithologically the same as those
in the overlying Quaternary gravels since.they were shed

from the same sources. These uppexr Santa Fe deposits are
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mapped as the Sierra Ladrones Formation (Machette, in éress)
where well exposed or where their outcrop area can be
reasonably inferred.

Along the eastern border of the study area, Popotosa
. mudstones can be inferred to underly this piedﬁont slope.
Here, Popo£osa mudstones or £alus/colluvium is mapped on
the lower slopes of arroyo walls. Otherwise, all of the
area covered by the piedmont slope is mapped undivided as

Tertiary-Quaternary piedmont gravels.

Sierra Ladrones Formation

East of Pound Ranch (Sectioﬁs il and 14, T4s, R2W),

a group of 1ar§e rounded hills are mapped as the Sierra
Ladrones Formation (upper Santa Fe deposits). These

outcrops have been downfaulted into a graben between
outcrops of Popotosa mudstones and upper Pound Ranch lavas.
Thevupéer Santa Fe depoéits stand as topographic highs,

even though they are within a graben, 5ecause the surrounding
mudstones eroded much more rapidly. The Sierra Ladrones
deposits overlie a pasalt flow and their upper surface is
cut by an old deeply disected erosion surface.

Where outcrops are found these deposits fary from
gravelly.sandstones to boulder alluvium with clasts as
much as 1 foot in diameter. Clast lithologies incliude
Lemitar Tuff, tuff'of South Canyon, basaltic andesites and
Pound Ranch lavas. Beds dip gently (10 to 15 degreesj in

various directions except at the northwestern outcrop where



fault drag has steepened the dips to 40 to 50 degrees
toward the southeast. A minimum thickness of 300 feet is
indicated by the topographic relief. A topographidally
similar hill east of these deposits (SW/4, Section 2, T4S,
R2W) is believed to consist of a remnant of these deposits
overlying a basalt flow.

A second small outcrop area of the Sierra Ladroneé
Formation is inferred along the first arroyo north of
Sixmile Canyon (N/2,-Section 33). A drill hole just north
of this outcrop area (NW corner, Section 33) cut 70 feet
of gravels (T-Qg) and 230 feet of sandy and gravellf (?)
~mudstones (probably Sierra Ladrénes deposits). R. M.

Chamberlin (in progress) has mapped outcrops of upper

Santa Fe depogits farther down this same arroyo system.

Alluvium of unknown age

A large part of the higﬁest surface of western Water
Canyon Mesa (Séctions 35 and 26) is covered with alluvium.
No outcrops occur within this area, yet,'the unit covers
a minimum topographic interval of 200 feet and may be as
thick as 400 feet. The alluvium overlies the Popotosa
laharic breccias in a north-trending graben (see Plate 1).
Clast lithologies are diverse and include all local Tertiary
rock units, vein quartz, and a distinctive porphyritiC‘
andeéite which only crops out west of this study area.

These sediments could be of any age vounger than lower

Popotosa laharic breccias.
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Quaternary Units.

Alluvium

Streaﬁ sediments in active drainages, stream terraces,
and relatively undissected alluvial surfaces were mapped as '
Quaternary élluvium. Terraces are separated where obvious
and are labeled on the geologic map (Plate 1). Two large
areas of Quatefnary alluvium were mapped in this study.

The first of these is east of Pound Ranch where Popotoesa
mudstones (2} a£e covered by an alluvial surface. The

second is along the mountain front north of'South Canyon.
Just south of the mouth of South Canyon; a northeast~trending
fault drops the older piedmont surface down to the north
where it is covered by more recent alluviﬁm. A large
alluvial faﬁ extends from the mouth of South Canyon and
several coalescing fans descend from fhe mountain front to
the north. These relatively undisected fans, clearly younger
than the higher piedmont surface to the south, were mapped

as Quaternary alluvium.

Talus/Colluvium

Active talus slopes and stabilized colluvium cover
large areas throughout the study area. In general, talus/
colluvium was mapped only'where,important geologic contacts

or faults were obscured.
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STRUCTURE

Regional Structure.

The present tectonic patterﬁs of the Socorfo—Magdalena
area largely reflect the influence of three partially ovér-
lappingvtectoﬁic periods. During Laramide time, compressional
forces formed fold belts and thrusts in west-central New
Mexico (Kelley and Wood, 1946; Tonking, 1957; Kelley and
Clinton, 1960). 1In the Magdalena area, Loughlin and
Koschmann (1942) found evidence for an elongate anticlinal
structure of Laramide age which héd been beveled by erosion
prior to deposition of Oligocene volcanic rocks.' Sediments
from this erosion surface were shed northward into the Baca
basin and formed the Baca Formation of Eocene age (C. E,
Chapin, oral communication, 1977). During Oligocene time,
intense volcanism buried the Socorro-Magdalena area under
a thick plateau of volcaniclastic sediments, ash-flow tuffs,
and lavas. During this volcanism, several cauldrons formed
in the Magdalena area (Qhapin and Chamberlin, 1976). Since
late-Oligocene or early-Miocene time, block faulting related
to Rio Grande rifting has formed the mountain ranges and

basins of the present topography.'

. Local Structure.

The Magdalena Mountains can be geologically divided

into northern and southern parts. The northern Magdalena
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Mountains are a complex west~tilted fault block containing
Precambrian, Paleozoic, and Tertiary rocks. The Magdalena
caularon forms the western boundary.of this ﬁorthern block
(C. E. Chapin and ﬁ. Allen, oral communication, 1977).

This part of the range has been rélatively intensively
studied due .to the mineralization in the Kelly MiningvDistrict.
(Laughlin and Xoschmann, 1942; Titley, 1959; Park, 1971;
Siemers, 1974; Iovenitti, 1977; Blakestad, 1977). The
southern Magdalena Mountains are dominantly volcanic rocks
and are less well understood. Four cauldrons, the Magdalena,
North Baldy, Sawmill Canyon and Socorro cauldrons, are known
in west, south, and eastern Magdalena Mountains (Chapin and
Chamberlin, 1976). The relationships of these cauldrons

to local physiographic features and the study area are

shown in figure 26. This study overlaps parts of the

Sawnmill Canyon and Socorro cauldrons.

Sawmill Canyon Cauldron

The Sawmill Canyon cauldron forms much of the southern
Magdalena Mountains. Its northern wall is well exposed
just south of the Langmuir Laboratory access road and can
be traced west from just northwest of Buck Peak to north
of South Baldy (Krewedl, 1973; Chapin and Chamberlin, 1976;
D. Petty and S. Bowring, oral communication, 1977). A
short segment of this cauldron margin is exposed in this
study area northwest of Buck Péak {Section 3, T48, R3W,

unsurveyed). This cauldron wall is a near-vertical contact
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Figure 26: Relationship of Study Area (striped) to cauldrons,
major faults, and selected geographic features. Shaded area,
west part of Study Area, is an anomalous structural zone
through which the western Socorro cauldron margin may run.
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between Hells Mesé_Tuff on the north and andesites, tuffs,
and sedimentary rocks of the unit of Sixmile Canyon on the
south. |

This contact is clearly wvisible in the field due to
differing weathering characteristics of the two ﬁnits;
however,‘the contact usually has little or no topographic
expression. The lavas, tuffs, and sedimentary rocks of the
unit of Sixmile Canyon are considered to be cauldron f£ill.
Laharic breccias of the unit of Sixmile Canyon are found
in a scallop (?) in this cauldron wall (S8/2, NE/4, Section
3} and appear to dip away from the wall. |

The regional extent and size of the Sawmill Canyon
cauldron are not known. The presence of as much as 1000
feet of andesites under the Lemitar Tuff at the mouth of
Sixmile Canyon suggest the margin may extend that far east.
An alternative explanation, however; for these thick andesites
at the mouth of Sixmile Canyon is that they are £ill of a
different pfe—Lemitar Tuff cauldron in fhe eastern Magdalena

Mountains.

Socorro Cauldron

The northern margin of the Socorro cauldron has been
delineated on Socorro Peak where moat deposits apparently
overlie Madera Limestone on the eroded lip of the cauldron
and underlie tuff of South Canyon {(R. M. Chamberlin, in
progress). These same moat deposits overly the Lemitar

Tuff in the northern Chupadera Mountains. These relationships
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suggest that the Lemitar Tuff was erupted from the Socorro
cauldron. Supportive evidence inciudes large zones of
lithic~rich Lemitar Tuff (massive rhyolite of Miesch,
1956) in the Chupadera Mountains (R. M. Chamberlin, in
progress) that are interpreted as cauldron—collapse-breccias
(mesobreccias in the terminology of Lipman (l977)j. The
thickness of the Lemitar Tuff (700 to 2800 feet) in the
Chupadera and southeastern Magdalena mountains further
suggests a cauldron environment (Fig. 8) but similér
thicknesses of Lemitar Tuff (750 to 800 féet with eroded
tops) are found to the west on Timber Peak and South Baldy,
regpectively. These thick sections suggest that the Lemitar
Tuff also partially filled the moat of the Langmuir cauldron.
The similar or thicker sections to the eést in the study
area may have accumulated in the depression of a pre-~Lemitar
Tuff cauldron or in the Socorro cauldron as it subsided.
The lack of abrupt thickness changes of the Lemitar Tuff
in the western part of this study area suggests that, if
cauldron subsidence did  occur there contemporaneously with
eruption of Lemitar Tuff, that it was probably a trapdoor
subsidence hinged on the west. |

The projéctién of the proposed Socorro cauldron wmargin
on Socorro Peak should intersect the Magdalena Mountains in
the vicinity of Water Canyon. The Water Canyon area is
structqrally éomplex but no featu?e or features that ecan be
clearly interpreted as the Socorro cauldron margin are seen.

Consequently, the western margin of the Socorro cauldron is
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shown as a wide zone on the regional structural map (Fig. 26)
and not shown on the geologic map (plate 1).

Within the zone indicated in figure 26, a change in
structural style, more intense intrusive activity and more
intense alteration are seen. These features-suggest the
presence of the Socorro cauldron margin. In most of the
study area, west-~dipping normal faults (55 to 75 degrees)
cut east-dipping strata (20 to 45 degrees). In the west
part of the study area) dips in the_Lemiﬁar Tuff steepen
(60 degrees to slightly overturned) and fault planes are
more rotated (as low as 30 degrees). The shaded zone in
figure 26 also contains the greatest concentration of
intrusives in the study area. These intrusives, most of
which are younger than Lemitar Tuff, include white rhyolite
domes, and white rhyolite, monzomnite, and mafic dikes.

The Lemitar Tuff is silicified and brecciated within this
zone to a greater degree than elsewhere. Somé calcite and
silica veining is present; one large black calcite vein
{100 x 200 feet) is found north of South Canyon (SE/4,
SW/4, Section 35). In this same area, numerous brospect'
pits and short adits are found where calcite veining is
intense. The Hells Mesa Tuff is also altered in.the
western part of the study area; however, it is generally
bleached and altered throughout the central-Magdalena

. Mountains.

A key feature relative to interpreting this proposed

structural zone is the Hells Mesa outcrop belt along the east
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side, of Water Canyon. The Hells Mesa crops out as a sinuous
band along most of the length of Water Canyon. It is
overlain by Lemitar Tuff for most of that length; A-L Pegk
Tuff and the unit of Sixmile Canyon are absent except at
the'southern end where a few tens of feet of éndesite are
found.

To the south (NE/4, Section 34), the silicified top
of the Hellé Mesa dips towa?d the east at moderate angles
(30 to 35 degrees) apparently under the éveflying andesites
and Lemitax Tuff. The foliation in the Hells Mesa, however,
dips-only 18 to 20 degrees to the east where it can be
measured. Farther north (Section 26), the top of the
Hells Mesa can be followed as a prominant topographic bench
below the cliffs that rim Water Canyon Mesa. This bench
is largely covered with talus from overlying units; the
Hells Mesa créps out just below the edge of the bench in
scattered, small outcrops. . At least two large faults
{500 or more feet of displacement) apparently cut this
bench (SW/4, Section 26); yet, no offset of(the surface -
is seen. Remnant terrace levels, present at several
places at this level in Water Canyon, suggest that erosion
has beveled this surface since the last movement on
these faults. The Hells Mesa is downfaulted and not
exposed farther north in section 23.-

"The Hells Mesa outcrop belt is truncated on the south
by the Sawmill Canyon cauldron wall:; hdwever, at the north-

west corner of Buck Peak, this wall bends north (a scallop)
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or intersects a north-south trending structure. Thick
andesites and laharic breccias abutt the Hells Mesa along
this north-trending contact for a short distance. Farther
north, the Lemitar Tuff éovers the andesites and only a
thin exposure is found between Hells ﬁesa énd.Lemitar,-
Tuff.

These ancmalous features can be exblained by a pre-
Lemitar Tuff depression (Cauldron (?)) partially filled
with andesites and covered by the Lemitar Tuff. The Hells
Mesa contact could be a relatively steep eroded scarp
and the thin exposures of andesites could be only the
upper levels of a thick sequence. Available data is also
compatible with a stratigraphic contact between Hells
Mesa and Lemitar Tuff (Plate 1, cross section B-B').

In this interpretation the andesites are thin flows, the
A~I, Peak is absent, and the thick section of andesites
north of South Canyon would lie in a scallop in the
Sawmill Canyon cauldron wall. In both situations, the
Socorro cauldron margin with a hinged or collapsed western
margin may still be present. A hinged western margin is
considered more likely since no certain significant

stratigraphic offset was seen in this study.
collapse in the Water Canyon area.

The stratigraphic sequence above Lemitar Tuff in the
Water Canyon Mesa area differs considerably from the rocks

found at the same stratigraphic levels in the northern
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Chupadera Mountains to the east and on South Baldy to the
west. These stratigraphic variations imply differences

in the post-Lemitar Tuff tectonic histories:of the three
areas. Exposures of this stratigraphic level arxe not
present elsewhere in this study area. The present erosion
level is below this interval in the central study area

and these units are missing under the upper Pound Ranch
1avas to the east.

In the northern Chupadera Mountains, R. M. Chamberlin
(oral communication, 1977) has found a thick sequence of
tuffs, lavas, and minor sedimentary rocks directly above
the Lemitar Tuff. These units are locally overlain by
the tuff of South Canyon and the entire seqﬁence is un~-
conformably overlain by laharic breccias of the basal
Popotosa Formation. In the Water Canyon Mesa area,
basaltic andesites overlie Lemitar Tuff directly and are
overlain by tuff of South Canyon. The Lemitar Tuff and
tuff of South Canyon are ‘generally conformable in attltude.
Above tuff of South Canyon, a seguence of 1ntermed1ate to
silicic lavas, rhyolite domes, and minor tuffs and sedimentary
rocks are found. These units are overlain by Popotosa
laharic breccias. On South Baldy similar laharic breccias
overlie eroded tuff of South Canyon or basaltic andesites.
Here, the basaltic andesites algo directly overlie Lemitar
Tuff (Stacy, 1968; S. Bowriné, oral communication, 197?5.

These stratigraphic differences suggest the following

sequence of events:
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1) Cauldron collapse in the northern Chupadera
Mountains concurrent with eruption of Lemitar
Tuff.

2) Emplacement of moat tuffs, lavas, domes

and minor volcaniclastic sedimentary rocks in

the northern Chupadera Mountains. The Water
Canyon Mesa area must have stood high during

this period as it received no moat deposits.

3) Emplacement of the basaltic andesite interval
followed by the tuff of South Canyon in all three
areas; thicknesses are variable.

4) Structural subsidence and erosion in the
Water Canyon Mesa area followed by emplacement

of intermediate to silicic lavas, domes, tuffs
and sediments (see Plate 1, cross section B-B'j.
5) Deposition of the Popotosa laharic breccias
in all three areas,

These events suggest that: 1) significant cauldron sub-
sidence coccurred in the northern Chﬁpadéra Mountains during
and after Lemitar Tuff eruption but little if any occurred
" in the Water Canyon Mesa area; 2) a later period of subsidence
occurred in the Water Canyon Mesa area after'emplacement of
the tuff of South Canyon; and 3) the Soﬁth Baldy area was
a relative highland during these periods of subsidence but
was buried by later Popotosa sedimentation. Rifting contem-
poraneous with Socorro cauldron subsidence may partially have

controlled these differences.

Block Faulting

"Block faulting, partly contemporaneous with late-Oligocene
volcanism and continuing until the present, has extensively
broken the study area. Throughout most of the area, rock

units dip to the east and west-dipping faults repeat the
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stratigraphic section (Plate 1, cross section A-A'). In
addition to these down~to-the-west faults, séveral grabené
penetrate the mountain front along the northeast part of
the study area and a few transverse faults are found in

the same area.
age of faulting.

Block faulting began north of Magdalena in the Riley
area, about 28 m.y. ago (Chapin, 1971). R. M. Chamberlin
(in progress) has documented significént fault displacements-
in the Lemitar Mountains before the deﬁosition of Lemitar
Tuff (26.3 m.yv.). In this study area, most faults postdate
major ash~flow tuff volcanism which ended approximately 26
m.y.b.p. However, the basaltic andesite interval between
Lemitar Tuff and the tuff of South Canyon varies considérably
in thickness (0 to 400 feet) and a few faults are seen in
the Sixmile Canyon area (NE/4, Section 7 and Section 5,

745, R2W) that appear to cut Lemitar Tuff but not the
overlying tuff of South Canyon. Thus, it appears that
block faulting began in the study area at least 26 m.y. ago.
However, it is difficult to determine wheéher these early
block faults are reiated to rifting, to cauldron subsidence,
or both.

In the southern part of the study area, several hundred
fegt of down-to~the-west displacement can be demonstrated on
major faults prior to deposition of upper Pound Ranch lavas

and the underlying, associated ash~flow tuffs (10.5 m.y.).
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Here, the pre-lava ash-flow tuffs thicken markedly against
fault scarps and in one case, underiying sedimentarj rocks
are éeen near the old fault scarp. An enlarged structural
cross section of this area is shown in figure 27. Subsequent |
displacement offsets these tuffs and the overlyving Pound
Ranch lavas throughout the eastern part of the study area.
In the remainder of the study area, where there are no
Pound Ranch lavas, faults cut all volcanic units.

Faulting has continued until recent times in some parts-
ofkthe area. East of Pound Ranch, upper Santa Fe gravels
(upper Miocene) are downfaulted into a graben; in the

northern part of the study area,; Quaternary fault scarps

cut alluvial fans along the mountain front.
Down-to-the-west faults.

Major down-to~the-west faults in the study area are
shown in figure 28. South of South Canyon and east of Buck
Peak, the rocks dip generally to the east and faults dip to
the west in a nearly orthogonal rélationsbip to the bedding.
These faults are thought to have formed as steep.west—dipping
fractures (75 to 90 degrees) with both fault planes and |
bedding planes rotating simultaneously as a numbexr of parallel
fault blocks tilted toward.the basin to thé east.

In the area diagrammed in figure 27, beds now dip to
the east at 30 to 35 degrees and faults dip to the west
at angles of 45 to 60 degrees. If the tuffs at the base

of the Pound Ranch lavas are rotated to a horizontal position
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a)S?ructural cross section showing bresent surface {(solid
line) and probable pre-erosion base of upper Pound
Ranch lavas {dashed). ' :

7000

reconstructed surface profile just before
-~-12 m.y.B.p.
\——_-—

b) Same cross section as a) above with 10 to 12 m.y.
lavas and tuffs removed. In addition, unit dips
have been reduced to pre-12 m.y. attitudes assuming
the tuffs under the Pound Ranch lavas were deposited
horizontally. Solid lines where surface is preserved
under tuffs or lavas, dashed lines where inferred.

Figure 27: Cross section and paleo-surface reconstruction
for east-west profile through Section 18, T4S, R2W, southwest
of Pound Ranch. These cross sections document fault movement
before deposition of 10-12 m.y. Pound Ranch lavas and
associated ash-flow tuffs. Scale approximately 1/12000,

no vertical exageration.
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Figure 28: Down-to-the-~west faults in the study area, including those faults
shown paired with down~to-the~east graben faults in figure 28.
(b) .

Several bends
in fault traces or shifts in the trend of major fault displacements are marked
Most other bends in fault traces are the result of low angle faults inter-
secting steep canyon walls.

£TT



Lis

(Fig. 27b), the underlying Lemitar Tuff and.tuff of South
Canyon dip gently to the east (10 to 15 degrees) and the
major faults dip to the west at 65 to 80 degrees. Farther
west, south of Buck Peék, beds dip as steep as 60 degrees
to the east and fault planes dip to the west at angles
of 25 to 35 degrees. R. M. Chamberlin (in progressg) has
documented similar, but more severely rotated, low-angle
normal faults in the Lemitar Mouhtains north of this study
area. |

Individual faults can be traced as breccia zones a
few inches to several feet in width. The breccia in these
zones characteristically consists_of iounded clasts of the
surrounding rock in a reddish matrix of finely comminuted
rock fragments. .These zones are often intensely silicified.
Where tuffs are faulted against andesites, these silicified
fault zones stand as topographic walls and served as the
most accurate source of data on .the dip of fault planes.
One‘such fault is shown in figure 29. Other breccias, not:
obviously assoclated with faults, are also found in the study
area and may or may not be silicified.

The fault pattern (Fig. 28} reflects a subparallel
series of north- to north-west trending fault blocks
(cross section B-B', Plate 1) that have been rotated to
the east from 20 to 40 degrees. Individual faults tend
to bifurcate and rejoin, and some faults abruptly change
direction. In most cases where major displacements change

direction, small faults or shear zones can be seen to
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Figure 29: Photograph of a rotated normal fault within
the study area. View is toward the north. The scarp on
the right is silicified Lemitar Tuff that is brecciated
along the fault surface. The overlying basaltic andesite
interval erodes to the low topography on the left. This
fault plane has been only moderately rotated (15 to 20
degrees) and now dips to the west at about 60 degrees.
Other such faults in the study area dip at angles as low
as 30 degrees to the west. Displacement is about 200
feet and is down-to-the-west (left).
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continue on the original trend. Several such turns are
marked on figure 28. Other aéparent bends in fault traces
are illusions caused by moderate- to low-angle faults
intersecting steep topography.

The reasons for the step down of faults to the west
away from the Rio Grande valley and for the rotation
accompanying faulting is uncertain. This "field of tilted
blocks" continues westward across the Magdalena Range and
into the eastern San Mateo Mountaiﬁs (D. Petty and S. Bowring,
oral communication, 1977; Deal, 1973). To the north, the
field of tilted blocks interfingers with a plunging graben
system on Water Canyon Mesa. West of Water Canyén, the
Langmuir cauldron margiﬁ marks a fairly abrupt transition
from east-tilted fault blocks to the west-tilted blqck of
the central and northern Magdalena Mountains. This northern
block has been rotated as much as 25 degrees to the west
since QOligocene time; however, parts of the Hellé Mesa
Tuff are near horizontal and indicate liﬁtle if ény rotation
since deposition.

One possible explanation is that this field of tilted
blocks may have formed in conjunction with the development
of-a marginal graben in the eastern San Mateo Mountains.
Morton and Black (1975, Fig. 8) have published a model for
fields of tilted blocks in-the Afar depression which may
apply to this portion of the Rié Grande rift. .Figure 30
is a reprcduction of this model from their paper. In their

model, a marginal graben forms above the transition at depth
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Figure 30: Two possible modes -of development of a
marginal graben, following the hypotheses of crustal
attenuation. Reproduced from Morton and Black, 1975,
figure 8. The model on the right diagrams a situation
similar to that found in the eastern Magdalena Mountains.
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from rigid crust to crust that is deforming plastically.

A field of parallel faults forms opposi£e the stable'block
parallel to and dipping toward this graben. Continuing |
" extension along the axis of this marginal graben would
produce a complex graben system with faults‘down toward
the graben. However, if extension was widespread, or if
the axis of spreading moved away from the graben axis,
block rotation would confinue along already established
fractﬁreslin response to the continuing extension. The
initial marginal graben may no longer remain the low point
structurally or topographically. Morton and Black (Fig.
3, é. 57) show cross sections frdm the Afar depression in‘
which the lowest area topographically is under the field
of tilted blocks rather thaﬁ along the marginal graben.
Cross section A-A' {(Plate 1) also shows a field of.rotated
blocks with the lowest areas remote from the hypothetical
marginal graben.

In the Socorro—Magdalena.area, it is postulated that
initial exténsion formed a graben system centered in the
San Mateo Mountains (see Deal, 1973, Plate 1). aAn
associated field of west-dipping faults developed east
of this graben, perhaps extending as far as the Chupadera
Mountains. Further extension, either to.the east along
the present axis of the Rio Grande rift or spread equally
over a relatively broad area, caused rotation of fault
. blocks and concurrent fault movement. Thé plutons underlying

26 m.y. old cauldrons in the southern Magdalena Mountains -
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could have still béen hot and have deformed plastically at
relatively shallow depths.

This early period of faulting caused moderate fault
and bedding plane rotation (10-20 degrees) by 12 m.y. ago
when the tuffs under the Pound Ranch lavas were deposited.
Significant topography was present at this time (see Fig.
27) but fhe hills were apparently of fairly equai elevation.

Continuing down-to-the-west faulting has-offset Pound
‘Ranch lavas and further rotated beds in the area. 1In
addition, a "sag" has developed in éhe easterp part of
the study area. BA given stratigraphic level crops out at
progressively lower elevations toward the east, despite
predominantly up-to-the-east faulting. This "sag" may
have developed in response to the development of a center
of extension to the east, along the present Rio Grande
valley. Given this situation, down-to-the-west faulting
would have continued along existing fracture planes initially.
Eventually grabens could and apparently did form over the
new centers of extension.

The prevalent north to northwest tren@ of major faults
in the southern part of the study area apparently changes
to north to northeast, north of South Canyon. South Canyon
coincides with the eastward projection of the Sawmill Canyon
cauldron margin; this change in fault trend may be a surface

manifestation of the cauldron margin at depth.
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bown-to-the-east faults, grabens, and transverée faults.

Down-to-the-east faults, graben structures and transverse
faults are shown on figure 31. The major structures of
these types are restricted to the Water Canyon-Water Canyon
Mesa area and the area east of Pound Ranch. Only minor \
transverse and down-to-the-east faults occur in the remainder

of the study area.
Water Canvon-Water Canyon Mesa area

A complex syvstem of down~to-the-east faults is found
.in Water Canyon and on Water Canyon Mesa. For the purpose
of this discussion and on figure. 31 these are paired with
opposing down-to-the~west faults in grabens; concurrent
movement is indicated on at least one of the pairs of
graben faults prior to emplacement of the Water Canyon Mesa
lavas (Plate 1, Cross Section B~B', easternmost gfaben).

At the mouth of Water Canyon, the Water Canyon fault
has been estimated to have as much as 3000 feet of displace-
ment (Kalish, 1954; Kreﬁedl, 1874). Based on éurrent -
stratigraphic knowledge, 3000 to 4000 feet is considered
to be a reasonable estimate of displacement along the
northern parts of ﬁater Canyon. South along Water Canyon,
faults split from the main Water Canyon fault into Water
Canyon Mesa. This decreases displécement on the main
fault to the south, until at the last exposure inuthe

study area the displacement is estimated to be between
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1000 and 1500 feet. The down~to-the-east displacement
that splits off into Water Canyon Mesa can be traced
southward along the east .side of Buck Peak (Plate 1).
There, the down-to-the-east faults apparentlyv intersect
down~to-the-west faults that form the eastern margin of

the graben system. South of this intersection, one small
graben can be traced soﬁth of Sixmile'Canyon, but displace-
ments are less than on the main graben. .

A minor graben, trending N70W and apparently intersecting
the major graben system described above is found in the
southwestern part of Water Canvon Mesa (NW/4 Section 35).
This small graben is intimately associated with a white
rhyolite dome, or domes, and drops the tuff of South Canyon
and younger unit down betweén outcrops of Lemitar Tuff.

This structure may be related to rifting or may be a
collapse structure related to dome emplaéement.

Another northutrending graben is seen on the eastern
corner of Water Canyon Mesa. This graben downfaults Popotosa
laharic breccias between tuff of South Caﬁyon exposures and
is apparently truncated on the south by an éast—trending
transverse fault. Other east-trending faults are found
along this trend toward the mountain front and one of these
continues into La Jencia basin as a Quaternary fault scarp.
The graben on the eastern corner of Water Canyon Mesa was
apparently active before eruption of the Water Canyon Mesa
lava since the underlying 1ntermedlate lavas are considerably

thicker within the graben (Plate 1, Cross Sectlon B-B').
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Rock units on Water Canyon Mesa do not have the prevalent
northerly strike and east dip found in most of the study area.
Here, strikes and dips are quite variable between individual
fault blocks. Rocks along the mountain front on the east
tend to dip to the north or northwest, the Popotosa laharic
breccias along'Water Canyon, generally strike northeast and
dip to the northwest. Rock units farther south along Water
Canyon'are variable in strike and dip. These variations
are attributed to the complex interfingering of the field of
down-to-the-west tilted blocks prevalent south of South
Canyon and the northward plunging grabens of Water Canyon
Mesa. The buried Langmuir cauldron margin beneath South

Canyon may control the change in structural style.
Pound Ranch Area

East of found Ranch, upper Santa Fe gravels (Sierra
Ladrones Formation) are down-—faulted into a'northmtrending
graben. Pound Ranch lavas and Popotosa mudstones border
this graben on both sides. The inter-graben gravels stand
high topographically {(reversed fopography) above the more
rapidly eroded mudstones (Plate 1, Cross Section A-A').
Border faults are obvious but poorly egposed due to the
semi-consolidated units involved. A remnant of the upper
Santa Fe gravels is found east of the eastern graben fault
as a small conical hill overlying a basalt flow; collpvigm
from the Santa Fe gravels covers parts of the area underlain

by mudstones to the south. The gravels in the colluvium
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could have been deposited contemporaneocusly with the
inter~graben deposits; however, this writer considers that
origin unlikely since deposits much less resistant than
the Santa Fe sandy-gravels must have been present in this
area to allow the development of the prominent reversed -

topography.
Recent Fault Scarps

A northwest-trending fault scarp, a few feet high,
can be seen on aerial photographs cutting Quaternéry fan
surfaces basinward from Water apa South canyons along the
northwestern border of the study.area.‘ This scarp, the
youngest expression of the Magdalena Range bounding fault,
ends just south of the mouth of South Canyon where it
intersects a northeast-trending Quaternary fault scarp.
This N65E-trending, down-to-the-north fault is expressed
as a 20~ to 30-foot-high scarp in the basin sediments.
Tertiary-Quaternary gravels exposed to the south are
downfaulted to the north and covered by Quaternary fan
gravels. A subparallel transverse fault with approximatelyv
300‘feet of down-to-the-north displacement continues into

the mountain front to the west (fig. 31).
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ALTERATION AND MINERALIZATION

Plagioclase Alteration (Potassium Metasomatism (2)).

Within this study area, most plagioclase phenocfysfs
have been replaced by potassium~rich minerals in the
Lemitar Tuff, tuff of South Canyon, intermediaée lavas of
Water Canyon Mesa, Water Canyon Mesa lavas, and some of
the intrusives in the Water Canyon area. Plagioclase in
the Hells Mesa Tuff and the older Spears Formation are
altered but not in this manner and fhe 10 to 12 m.y. old
Pound Ranch lavas have unaltered ?lagioclase phenocrysts.
The lack of alteration in the young Pound Ranch lavas
suggests the potassium enrichment occurred before theirs
emplacement. The lack of potassium enrichment in the Hells
Mesa and older units along Water Canyon may indicate that
this area was outside the area affected by potassium
metasomatism. Similar plagioclase alteration was not
noted in the mafic lavas within the area.

A striking example of the affect of thié type of
plagioclase alteration can be seen in the Water Canyon
Mesa lavas (Fig. 19). These lavas are fresh only in the
small exposures of vitfophyre along South Canyon. The
fresh rock contains plagioclase, bilotite, and hornblende
phenocrysts (Fig. 32). fThe unit is altered to vafious
degrees where it is aevitrified. Figure 33 shéws a specimen

from these lavas where they are badly altered; all plagioclase
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Figure 32: Photomicrograph of the unaltered vitrophyre

of the Water Canyon Mesa lavas. The plagioclase ({(white

to gray grains) is fractured but unaltered and strongly
zoned in a normal manner (An to An52). This same sample
was dated at 20.0 m.y. using %he RK/Ar"method on biotite.
Highly birofringent minerals are biotite and hornblende.
Sample from NE/4, NE/4, Section 2, T4S, R3W, unsurveyed
Crossed nichols approximately 30x.

Figure 33: Photomicrograph of badly altered plagioclase
from devitrified portion of the Water Canyon Mesa lavas.
White cellular phenocrysts were plagioclase but are now
probably orthoclase (framework} and clay minerals (centers)
which were plucked out during thin section preparation.
This unit has no potassium feldspar in fresh specimens.
Biotite and hornblende are partially altered to hematite

but are still recognizable.. Crossed nichols, approximately
80x. : :
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is replaced by potassium-rich minerals. These minerals
wefe not specifically identified but are believed Eo be
potash feldspar where the material is optically continuous,
as in the skeletal remains of phenocrysts shown in figure
33, and clay minerals where the material is amorphous or .
microcrystalline. The centers of phenoérysts in figure

33 were probably clay minerals which were plucked out
during thin section preparation.

Plagioclase replacement has also épparently occurred
in exolution lamellae within sanidine phenocrysts. A
“typical perthitic.sanidine with altereé lamellae'is’shown
in figure 16, p. 54. In-the Lemitar Tuffﬁ_sanidine is
largely unaltered while plagioclase is almost cbmpletély
destroyed. Figures 34 and 35 show rélict plagioclase in
the Lemitar Tuff from the measured section in Sixmile
Canyon and the Lemitar Mountains, respectively.

The textures described above are thought to represent
replacement of plagioclase by potassium~rich minerals,
probably R-feldspar and clays. These textures closely
resemble those found in replaced plagioclase phenocrysts
in keratophyres (silicic lavas that have undergone alkali‘
metasomatism and inversion to low-temperature mineral
phases) in New Zealand (Battey,xl955, Plate VI, p. 104).

Support for the occurrence of alkali metasomatism in
a voléanically active area is provided by P. M. orville
(1963) who experimentally investigated the system ~-

K-feldspar~Albite- NaCl—KCl—H20 —-— and concluded:
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Figure 34: Partially altered plagioclase phenocryst from
the Lemitar Tuff (sample 6M~21l, measured section, Fig. 9).
Dark gray areas ajolning plagioclase are probably potassium
feldspar while the speckled areas in the upper part of the
phenocryst are probabhly clay minerals, but could be finely
crystalline K-feldspar. Brilliant white phenocrysts are
quartz (g), medium-gray phenocryst at left is sanidine (S).
Nichols crossed but rotated approximately 5 degrees from
orthogonal to reduce contrast in photograph. :

Figure 35: Comparison of sanidine (s, left) to altered
plagioclase (p, right). Sanidine stained lightly and in

a mottled pattern with sodium cobaltinitrite, while the
materials which have replaced plagiloclase stained much
nmore strongly. Uncrossed nichols, white areas around
altered plagioclase are holes where parts of the replacing
minerals were plucked out during thin section preparation.
Sample from the measured stratigraphic section (R. M.
Chamberlin, in progress) in the Lemitar Mountains after
which the unit was renamed. '
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"the presence of a thermal gradient in a twé-
feldspar rock requires the presence of composi-
tional gradients with respect to the alkalies in
the vapor phase. Alkali ions will tend to diffuse
through the vapor in response to these gradients
and alkali metasomatism ... will take place. In
general, the cooler rocks will be enriched and
the warmer rocks depleted in K-feldspar." (abs.,
p. 201)

Orville further suggests a reason why the plagioclase in
" siliceous rocks is altered while that in nearby basaltic
andesites is fresh.

"At constant temperatures an increase in the

Ca~content of the feldspar phases will result in

higher ¥X/Na ratios in the vapor phase. ... Rocks '

originally rich in Ca will tend to be depleted in

K-feldspar, and rocks originally poor in Ca will

tend to be enriched in K-feldspar." (abs., p. 201)

Thus, Orville has suggested that, in an area with high
thermal gradient and a pervasive vapor phase, deeper (hotter)
rocks will be enriched in sodium while near-surface, cooler
rocks will be enriched in potassium. C. N. Fenner (1946)
described near surface alkali enrichment at about 200 degrees
C. from cores in Yellowstone National Park where such a
system is presently active.

"The most notable effect found in the cores has

been the addition of silica and the molar replace-

ment of soda and lime of the feldspars by potash."

(abs., p. 225)

Therefore it is postulated that silicic rocks in at least
part of this study area have undergone potassium metasomatism
for the following reasons:

1) Replacement features and staining indicate that
plagioclase has been replaced by potassium~rich
minerals. These replacement textures are strikingly

similar to replacement textures in rocks that have
undergone alkall metasomatism (Battey, 1955)}.
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2) Preliminary chemical data indicates alkali
enrichment in at least some of the units with
replaced feldspar textures. (Appendix C).

3} It has been demonstrated theoretically and
" experimentally that, if a temperature gradient
exists in the presence of a pervasive wvapor
phase, alkali exchange will take place. Fennexr
{1936) has described potassium enrichment in a
hydrothermal system that is active today.

4) The complex volcanic history of the Socorro-.
Magdalena area suggest that at least one and
perhaps several such geothermal systems could
have existed in the past 26 million years.
The hot springs at the base of Socorro Peak
show the existence of one such system today.

Manganese Mineralization.

1

A detailed study of the Luis Lopez manganese district
was largely completed by M. E. Willard by the time of his
death in 1972. Willard's preliminary manuscript is on file
-at the New Mexico Bureau of Mines and Mineral Resources and
may be published in the future. This manuscript was con-
sulted during this study and in general observations ma&e
during this study agree with his data.

Manganese oxide minerals occur throughout this stﬁdy
area as thin coatings on joint surfaces and locally as the
cementing material in breccia zones. A few of the cemented-
breccia deposits have been mined commercially and small
prospect pits are numerous throughout the study area, except
in the area south of Buck Peak. The minerals noted in these
prospects are largely manganese oxides. The major minerai
is prob%bly pyrolusite with various cation substitutions;

Hewett (1964) reportéd heollandite, coronadite, and cryptomelane
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(containing Ba,. Pb, and K, respectively). Calcite, jaspercid,
quartz, and barite were seen as accessory minerals in vaxious
prospects and pyrolusite pseudomorphs after manganite were
seen in one location in Sixmile Canyon. The prospects on
Water Canyon Mesa tended to have more accessory minerals,
such as jasperoid, calcite, and barité, and less.manganese‘
minerals. Limonite and hematite pseudomorphs after pyrite
were seen in prospects along the mountain front on Water
Canyon Mesa. Significant amounts of manganese ore have been
shipped from two localities in the area aﬁd minér amounts
have probkably been shipped from a third.

The earliest manganese production noted was from a mine
on the east slope of Watef Canyon (SW/4, NE/4, Section 26)
which produced, at most, a few thousand tons of concentrated
manganese ores in 1917 and 1918 (Wells, 1918). Wells reports
this manganese to occur in "a chodolate—colored rhyolite’
found throughout the manganese district."™ The workings of
this mine were not entered but an inépection of thé dump
materials shows the mineralization to be largely botryoidal
coatings of manganese oxides on breccia fragments and within
fractures. The host rock is tuff of South Canyon which is
bleached and brecciated throughout the outcrop area surrounding
the mine. Locally, the rock is silicified and minor silica
and calcite occur with the ore minerals.

The second area to have produced ore is at the mouth of
Sixmile Canyon (Sections 33, T3S, R3W)-Where the Tertiary

volcanic rocks have been beveled by a pediment slope. The
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manganese here occurs as fracture fillings within zones of
brecciated upper Lemitar Tuff. The Lemitar Tuff has been
slightly bleached and some feldspars have been altered to
clay miherals. The workings at this location aré open
cuts along breccia zones with no provable offset: one
exploration adit followed a breccia zone for a few tens
of feet along strike from one of. these cuts. -Much material
was moved, but large dumps with little manganese mineralization
indicate that the ore bodies were of low grade and that the
ore was sorted before shipment. Piles of dumped ore along
the access road suggest that even the shipped ore was of
low grade, as does the mineralization remaining in the
open cuts.

Numerous prospect pits‘for manganese are found throughout
the eastern parts of the study area in mos£ silicic rock
units. Upper Pound Ranch lavas, as well as tuff of South
Canyon and Lemitar Tuff, host mineralization. ‘West of Pound
Ranch and south of the mines in Sixmile Canyon, two exploration
pits occur in the ﬁpper‘Pound Ranch lavas. These are relatively
large (more than 100 feet across) and remnants of a loading
chute and other equipment near one of them-suggests that
some 6re'may have been shipped from this location; little
indication of minable ore remains in the pits now. Minerali-
zation in these younger rocks occﬁrs as thin veins and
cement in breccia zones, as in the older units.

Although manganese mineralization ﬁas not a major

emphasis of this study, available geologic data suggests
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several conclusions. First,-mineralization occurs in
silicic units as old as Lemitar Tuff and as'young as upper -
Pound Ranch lévas} therefore, at least some of the minerali-
zation must be younger than 10.5 m.y. Second, it is
&uggested that mineralization may be restricted to gilicice
units due to their greater tendency to brecciate and hold
open fractures. Also, breccia fragments in mineralized
zones tend to be bleached and feldspars altered to clay"
minerals. Similar feldspar alteration occurs throughout
the study area and ié postulated to have been caused by
pervasive potassium metasométism. If alteration is more
intense in the mineralized zones, as it appears to.be,
these breccia zones may have served as channels forx the':
metasomatic fluids which may have also deposited the

manganese minerals.

Calcite Veining.

Black and white caicite occurs as cement in breccia
zones and along faults throughout the study area. In two
areas, however, these calcite veins are large enough to
be mapped as separate geologic features. WNorth of Buck
Peak, on the north side of South Canyoh (5/2, Section 35),

a large black calcite vein occurs within basaltic andesites.
The vein is at least 100 feet across but.may be larger
since one side is covered by the overlying alluvial unit.
This vein is largely moderately to coarsely crystalline,

banded, black calcite with minor interlayered white calcite.
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In some areas, the calcite has been brecciated and rgcé@ented
by later stages of black calcite. Several small prosgpect
pits penetrate this vein but revealed oﬁly more black
calcite. ,

Sogth of this large black-calcite vein élong the north
slope of South Canyon, numerous prospect pits and adits‘
follow breccia zones cgmented witﬁ stringers and small veins
of black to dusky-gray calcite. In addition, another adit
penetrates a similar breccia zone,‘farther to the east,
near the mouth of Sixmile Canyon (SW/4, Section 32}, and
continues foxr at least 200 feet in andesitic lavas. -No
mineralization, expept minor siiica veining and the calcite,
were noted in these workings. The object of these explorations
is not known; however, the writer considers it probable that
the prospecting was for precious metals since the exposed
amounts of manganese minerals could not have been economic
and no sulfide mineralization was seen.

Several large~white; or black and white, banded célcite
veins are also found within the upper Pound Ranch lavas
south of Pound Ranch (Plate 1). The banding is irregular
but generally vertical. The veins appear to have been
deposited in open fractures along fault zones and may
represent deposits of a hydrothefmal system related to the
cooling Pound-Ranch~lava pluton. No othexr minérals were
seen in these veins and only one small prospect pit was

found along the veins.



137

CONCLUSIONS

Several contfibutions to thé geology of the Socorro-
Magdalena area have resulted from this investigation of
the eastern Magdalena Mountéins. fhese conclusions are
divided into stratigrapﬁic, structural, and alteration-

mineralization sections and are detailed below.

Stratigraphy.

The rocks in the study area are dominantly Tertiary
volecanic units and consist mainly of rhyolitic ash-flow
tuffs, separated by andesitic. to basaltic andesite lavas.

In addition, voluminous felsic lava flows occur at three
separate stratigraphic intervals. The volcanic rocks in

this séudy area, in general, fit the previously developed
Tertiary volcanic stratigraphy as presented by Chapin and
Chamberlin, 1976. Several units, however, vary significantly
from occurrences in other parts of the Socorro-Magdalena

area and others are unigque to the eastern Magdalena Mountains.
These variations from the regional framework are listed

below in order from oldest to youngest:

1) 2 thick interval (as much as 2000 feet) of andesitic
lavas with interbedded rhyolitic lavas, local ash-flow
tuffg, laharic breccias, and sandstones occurs in the
southwestern part of the study area within the confines
of the Sawmill Canyon caldera. This interval is here

called the unit of Sixmile Canyon and is considered
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£ill of the Sawmill Canyon caldera. This unit lies
above the A~-L Peak Tuff (?) and is overlain by the
LemitarlTuff. In other parts of the Socorro-Magdalena
area, 0 to 600 feet of basaltic andesite_lava flows
are present in this interval;

2) The Lemitar Tuff is thicker (800 to 1500 feet)
in the eastern Magdalena Mountains than is normal in
other parts of the Socorro-Magdalena area. The upper
crystal-rich member of the Lemitar Tuff, which is
normally about 100 to 200 feet thick in the Magdalena
area, averages 600 feet in thiqkness in this study area
and the lower moderately crystal-rich member, which is
sporadically present regionally, is a thick and variable
unit {200 to 800 feet) in this study area. A reference
stratigraphic section of the lower Lemitar Tuff was
measured and described from Sixmile Canyon (NW/4,
Section 7, T4S, R2W) in the study area.

3) Moat deposits which directly overlie the Lemitar
Tuff in the northern Chupadera and southern Socorro
mountains  (R. M. Chamberlin, in preparaﬁion)_are absent
in the eastern Magdalena Mountains. The absence of
these units probably indicates that the floor of the
Socorro cauldron was structurally complex and that
the eastern Magdalena Mountains stood high during
emplacement of these moat deposits.

4). A moderately to densely welded, multiple-flow,

simple cooling unit of crystal-poor (basdl) to moderately
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crystal-rich (uppef), rhyolitic ash-flow fuffs, is
informally termed the tuff of South Canyon. This
unit overlies the basaltic andesite intexval above
the Lemitar Tuff and varies from 0 (southwést) to
600 feet {mouth of South Canyon) in thickness within
this study area. A reference stratigraphic section
of the tuff of South Canyon was measured and described
at the mouth of South Canyon (SW/4, Section 30, T3S,
R2W). This unit has been dated at 26.2 m.v. in the
Joyita Hills and occurs in the Lemitar Mountains;
correlation with units tb the west is problematical..
5) Intérmediate to silicié lavas, local ash-flow
tuffs, and domes were emplaced in the northern part
of the study area (Water éanyon Mesa) following emplace--
ment of tuff of South Canyon. Emplacement of the lower
intermediate lavas was followed by a period of erosion
and faulting. Subsequently, felsic lavas and rhyolitic
domes and associated pyroclastics were emplaced. The
felsic lavas have been called the Water Canyon Mesa
la&as and have yiélded a date of 20.0 m.y. This seéuence
lof units is overlain by lower Popotosa laharic breccias.
6) A seqﬁence of mafic and rhyolitic lavas averlies
lower Popotosa laharic breccias in the eastern part of
this study area (Pound Ranch aréa). Here, basalt to
basaltic andesite lavas overly tuff of South Canyon
and are cut by an erosion surface that developed several

hundred feet of topographic relief. Two rhyolitic



lavas, designated the Pound Rénch lavas, and associated
pyroclastic units flowed over and partially buried this
erosion sﬁrface. The Pound Ranch lawvas have been dated
at 11.8 and 10.5 m.y. respectively. Lavas of eqﬁivalent
ége and similar composition overlie upper Popotosa mud-
stones in the Socorro Peak area indicating the Magdalena

Mountains were a highland 12 m.y. ago.l
Structure.

Structurally, the eastern Magdalena Mountains are
complex. Oligocene ash-flow tuff cauldrons dominate the
" structure of the eastern Magdalena Mountains. Two majoxr
features in this map area can be related to this period
of cauldron formation:
1) The Sawmill Canyon cauldron margin is well
exposed along the Langmuix Laboratéry acéess road
in the extreme western part of the study-aréa. The
unit of Sixmile Canyon represents £ill of this cauldron.
2) A complex zone in the western study area may
represent the Socorro cauldron margin. This zone is
defined by more severe bedding-plane and fault rotation,
more intense silicification and brecciation, and a
greater concentration of intrusives than found in the
rest of the study area.
Extensive block faulting, related to rifting,lis
superimposedkon all volcanic features. This study area

can be divided into two major structural domains and the
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northwestern border (Water Canyon) represents the contact
with a third domain:
| 1) The southern part of the study area consists of
a "field of tilted blocks" with east-dipping beds and
west-dipping fault planes. The faults are thought to
A have developed as steep normal faults, with subsequent
offsét and rotation developing concurrentiy. This
. "field of tilted blocks" may have developed in conjunction
with a marginal graben in the San Mateo Mountains in a
manner similar to that described by Morton and Black
(1975} .
2) The northern part of tﬁe study area (Water Canyén
Mesa) consists of a set of nofth-plunging grabens.
These grabens interfinger.with the "field of tilted
blocks" along a line approximately coincident with South
Canyon which lies above the projection of the buried
Sawmill Canyon cauldron margin; Movement on these
graben faulté began before 20.0 m.y. -
3} The Water Canyon fault zone separates the egst—
or ﬂorth—dipping eastern Magdalena Mountains from the

west-dipping central Magdalena Mountain block.

Alteration-mineralization.

Plagioclase has been altered to potassium-rich minerals
in silicic rock units older than the Pound Ranch lavas
throughout the study area except along Water Canyon. This

potassium enrichment is thought to have resulted from one



142

or moré hydrothefmal systems existing in the area between
26 and 12 m.y. ago.

Manganese mineralization occurs'in silicic units
from Lemitar Tuff (26.3 m.y.) to upper Pound Rancﬁ lavas
{(10.5 m.v.). This indicates that some manganese mineralization
postdates 10.5 ﬁ.y. The aséociation of this mineralization
ﬁith rocks showing intense feldspar alteration suggests |
that the mineralized breccias may have served as conduits
for the potassium carrying fluids. These same fluids,
at some stage in the hydrothermal systems, may have deposited

the manganese oxides.
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APPENDIX A

. AppX. true

thickness Unit Descriptions
63 BASALTIC ANDESITE LAVAS: 1ed and gry. basaltic andesites (La Jara

323

Peak-like) with abundant red hematized pyroxene phenocrysts. Equivalent
to similar stratigraphic interval in figure 5.

LEMITAR TUFF; CRYSTAL-RICH ASH-FLOW TUFFS {(Upper Member,
25-45% Phen.):
A. Upper gray, crystal-rich, mod. welded zone {12°).
*B. Red, densely welded zone with large gtz. phen. (265°).
C. Red, densely welded, pumiceous (vapor phase minerals in pumice)
(559.
D. Red and gray, mottled, densely welded, pumiceous transition
zone {157.

NOTE: — 2' breccia zone with Mn veinlets at 1207

367

— sheared upper Lemitar Tuff cemented by red jasperoid at 320
depth.

LEMITAR TUFF; CRYSTAL-POOR ASH-FLOW TUFFS (lower Member,
5-15% Phen.): '

A. Mottled red and gray, pumiceous, mod. crystal content (160").

. Mottled red and gray, massive, lithophysal zone {105".

Pur.-gry. pumice in a reddish matrix, mod. welded, mottled small-
pumice zone (13').

. Lt.-gry., crystal-poor, mod. to poorly welded zone, with dark-gray
botryoidal pumice (120).

. Chalky, white, basal unwelded zone (7).

Mmoo AW

NOTE: — Biotite and sanidine of the Lemitar Tuff are fkesh and thete is

215

little alieration except in brecciated zones with manganese
films on joint surfaces. Abundant silicified shear zones with
finely comminuted matrix in conjugate setsat 70 to 90 degrees.

UNIT QF SIXMILE CANYON: ASH-FLOW TUFF (2): Lithic-rich,

qtz-rich, crystal-rich tuff that may be a boulder of Hells Mesa or may

be equivalent to the tuff interval in the unit of Sixmile Canyon (2°).

TUFFACEQUS SANDSTONES AND HETEROLITHIC CONGLOMERATES:

Possibly correlative with parts of the unit of Sixmile Canyon.

A, Massive, red, med.-grained, tuffaceous sandstone which grades down-
ward into red and gray laminated and cross-laminated sandstones with
minor conglomeratic beds (34"). '

B. Red, conglomeratic sandstones and conglomerates with clasts as
much as 6" across. Grades downward into brecciated beds of the
underlying tuffs {(158°).

NOTE: — Sediments are immature with angular clasts and sand grains

305°

which are not noticably altered.
— Drusy cavity filled with barite crystals at 834° {Willard,
unpublished report).

A-L PEAK TUFF{?); CRYSTAL-POOR ASH-FLOW TUFFS: Gray
and massive to pur.-gray and pumiceous, crystal-poor ash-flow tuffs.
Rocks are extensively brecciated (fragments a few mm to few em in
length) to an extent not seen in the overlying Lemitar Tuff. Feldspars,
altered 1o clays (5%); small qtz. phen. (1%), andesite lithics (1%).
Some quartz veinlets reported for this interval (Willard, unpublished
1eport).

* maximum angle between foliztion and a plane normal to core axis.

Log‘of the Tower Mine Drill Hole (NW/4, NW/4, Sec. 7, T4S8, R1W)

(hole inclined 60° to S7TOW)



Rock Unit/ Location

Lemitar Tuff, Lemitar
Mountains

tuff of South Canyon,
Joyita Hills

Water
north

lower
Pound

upper
Pound

Dates

1L

Canyon Mesa lavas,
side South Canyon

Pound Ranch lavas,
Ranch area

Pound Ranch lavas
Ranch area

are unpublished data

APPENDIX B: Data For Radiometric Ages

Age m.y. Method Ave Ar“°*ppm K" ‘ppm $K20

26.3:1.0 ° K/Ar-biotite 0.01185 7.644 6.266

23.920.9 K/Ar~sanidine . 0.01069 7.582 6.215

26.2:1.0  K/Ar-biotite 0.01199 7.755  6.357

20.0£0.8  K/Ar-biotite 0.008240 7.020  5.754

11.8+0.5  K/Ar-biotite 0.006001 8.674  7.110

- 10.5:0.4  K/Ar-biotite 0.004616 7.465  6.119
Dates

of C. E. Chapin, New Mexicec Bur, Min. and Mineral Res.

were performed by Geochron Laboratories.

ET



Sample/ Location

Light~colored, crystal-rich
clot from Lemitar Tuff west of
Pound Ranch -

Red Matrix surrounding above
sample .

Basalt with large olivine
clots overlying tuff of
South Canyon in Bear Canyon
west of Pound Ranch

upper Pound Ranch lavas, south
of Pound Ranch

lower Pound Ranch lavas, south
of Pound Ranch

APPENDIX C:

Chemical Data

Si0,  Al,0;  IFe Ca0 Na,0 K20  TiO,  MnO
76.51 12.75 0.53 3.63 5.97 0.05
66.73  18.10 0.84 3.65  8.45 0.04
49.46  17.62 9.56 4.62 0.86 0.17
72.31 12.34 2.94 4.60 0.39  0.03
73.00 14.52 1.96 3.65 4.79 0.26 0.05

Chemical data are unpublished data of C. E. Chapin and D. L. White, New Mexico Bur. Min.
and Mineral Res. BAnalyses were done by X-ray florescence.

Syt
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