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ABSTRACT

The geology of the west flank of the Magdalena
Mountains south of the Keliy nining 'district‘ has been
deminated by emplacement of ash-flow tuffs and' lavas,
caldera éollafse structures, and extensional block faulting
~associated with the Rio Grande rif£ and wuplift of the
Eagdalena-Mountains. |
| The oldest rock unit exposed is a volcaniclastic
sandstone of the early Oligocene lower member of the Spears
Formatione. This Was overlain suécessiveiy, in the
Oligocene, by the Hells Mesa Tuff, the flow-banded member of
the A-L Peak Tuff, cauldron f£ill (includiné the andesite ;f
Landavaso Reservoir and the unit of Sixmilé Caubn), the tuff
of Lemitar Mountains aﬁd an overlying andesite, the tuff.of
South Canyon, and a =xenocrystic andesite. In ‘eérly and
middle Miocene time, this volcanic sequence wa; covered by
fanglomerates, lahariec breccias, and sandston;s qf 'the
Popotosa Formation. In the westerm half of the thegis area,
in iateuﬂiocene time, these sedimeﬁfary units were overlain
by a bréad plain:of rhy;lite lava flows.
Portions of three overlapping cauldrons; thé North
Baldy (32 m.y.), Magdalena (32-28 m.y.), and éawwill Canyon
(32-28 m.y.) cauldrons, are found in the thesis area. The
collapse of 'the Magdalena and Sawmill Canryon cauldrons

closely followed one another and  buried the westera and

- southern. margins of the North Baldy cauldron. Their
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cembined collapse created a large dumbbell-shaped depressioﬁ
that shared. cauldron fili in the area of overlap. The
.emplacement of andesitic_and latitic dikes, the movement of
hydrothermal f£luids, and in the western half of the area,
the dntrusion of rhyolite domes and flows weré largely
controlled by the ring fracture zones of these cauldrons.

Beginning in the Oligocehe,>_porth—trending,
down-to~the~west normal faults that accompanied regional
extension overprinted the caldera structures and coantrolled
the empiacement of white rhyolite and andesitic dikes. The
movement of hydrothermal fluids was also localized aloag
theée structures. Uplift of the Magdalena Mountains, from
about 7 m.y. ago to the present, also oécurred along these
north~trending faults.

Numerous abandoned mines and prospects, largely
for copper #nd gold, are found along zones of mineralization
controlled .by cauldron ring fractures and north-trending
extensional faults. The economic potential for the area 'is
variable.’ Tﬁe favorable ore producing horizon in the Kelly
district haé been downfaulted in the thesis area to a ‘depth
where recovery of replacement deposits, if they exist, would

be uneconomic.  Perlite found 4in the trhyolite flows

frequently contains non-expandable phenocrysts ~ and is
uneconomic. However, exploration for gold 1is presently

being carried out on Baldy Ridge and mineralization im Mill

Canyvon deserves further examination.



INTRODUCTION
Statement of the Problem

The principal 6bje§tiva. of fhis study 1is £6
determiﬁe the stratigraphic and structural relationships .of
Tertiary volcanic and sedimentary rocks aloﬁg thé wast flank
of the Hagdaiena Mountains south of the Kelly Mining
distriét, and to- compare fhese‘ relationships with those
deécribed in studiés of adjacent areas.

The major features studigd include the margins of
the North Baldy, Magdalena, and Sawmill Canyon cauldrgns, in
the eastern portion of the thesis area, and an . extensive
field of Miocene rhyolite flows in tPa western pértion- A
secondary objective was to evaluate the mineral potential.of
the area.

?his study was undertaken as parﬁ of a 2larger
mapping project of the Socorro-Magdalena area spénsored by
the New Mexico Bureau of Mines and‘Mineral Resources. '

Location and Accessibility

The Magdalena Mountains are located about 2& kn
(16 mi) due west of Socorro in central Socorro County, New
Mexico. The regi?n under study, on the west £lank of the
Magdalena Mountains, covers an area of about 52)sq km (20 sg
mi), the center of which lies 8 km (5 mi) south of the town

of Magdalena (fig. 1). With the exception of a few ranches



&y L
) ‘:'_‘%mum,,‘
F %
! f"sazm kY
Z, SADRONES T
5 3
..\\!"Il,’- "’, ;:_.
] 3 - Uk i
z - ayies,
L 1 6% '
PEART, H Z -
GALLINAS T % H % 3 doviT,
= 3 2§ L3 VITA
: 4§ X
§ LN NaDAL r—.‘a&.’"“s 395 I HILLS
o vy - £ 9%,
z 3, %
Srup Z W% 3
Z Wy, % -
Y Arsa T BN 4% e 13 { m{Socorro
3 ~ £y
g’* “,“hin-., \.‘-':. =
§
5
R -
t £ ., MO
s Z . & u
® = -, 3 My,
l % : : § g
3 ER S
H %, kS
- 'fu”, %
% SAN ruTeo %
¥ 5
& M. £
z %
g i
z H
1 = i
£
<
2
H
-

NEW MEXICO

Location map showing relationship of thesis
area to major topographic features in Socorro County.

Figure 1.




and patented mining claims, the mapped area lies entireiy
within the Cibola National forest.

Access to the southeastern poftion éf the area ‘is
by the Langmuir Laboratory 'road which extends sqﬁth from
U.S. Highway 60. The last 14 km (9 mni) of 4this‘ffoad is
rough and steép. From the énd of this road, near South
Baldy Peak, a trail extends approximately -8 km (5 mi)'
northward along the c¢rest of the range, through the eastern
edge of the mappe& area, to North Baldy Peak.

Access to the crest of the Magdalena Range in the
uoftheastérn portion of the thesis area isrby a 6;5 km (4
mi) graded road from Magdalena to the ghost town of 'Kelly,
and thence about 6.5 km (4 mi) up Chihuahua Gulch on a very
steep jeep road to North Baldy Peak. Another road 1leads
southward from Kelly to Pattersom Canyon.

Access to the head of Hop Canyon-is b} way of the
unpaved Hop Canyon road which turns south from the Kelly
" road about 2.5 km (1.5 mi) soutﬁ of Magdalena. -Acgess to
Agua ?Eio-Canyon is by a ranch road that turns west frém the
Hop Canyon rogd.

| Access to Rock Springs gnd.Mill Canyons is by wgy_
of an all-weather, dirt road, State Highway 107, which leads
souih from U.S5. 60 at Magdalena. Approximately 12 km (7.5
mi) south of Magdalena turn east on the Mule Shoe Ranch road
for 0.8 km (0.5 mi) to the Rock Spriﬁgs.Canyon road, on the
left, or continue 2.5 km (1.5 mi) to the Mill Canyon road,

also on the left. Both roads are very rough.



prograpﬁy and Physiographic Setting

The topography of the westerﬁ flank -of the
Magdglena Mountains is characterized by high relief and
steep slopes. Elevations in the area mapped range-from 2103
m {6900 £t) at the extreme north end of Hop Canyon to 3125 m
(10,254 ft) along the‘ridge between North and South Baldy
peaks. Slopes reach a maximum of approﬁimately 1:3, with
outcrops of the more-reéistant uniés forming steep cliff
faces. Canyons east of the range crést drain egétward into
Water Canyon; canyons west éf the crest drain northwest and
west  into Hop, Agua Frio, Rock Springs, and Mill canyons.
The small springs at the head of Mill Canyqn and the.extreme
head of Agua Frio Canyon typically run throughout Fhe yéar.

The noxrxthern .half of the Magdaiena Mounta;ns is
characterized by westward-dipping, mnorth-trending, fault
bloeks in which Precambrian, Paleozoic, and Ce;béoic rocks’
are exposed. The fault biocks were formed by extensional
faults of the Rio Grande rift and faulting that acecompanied
uplift of the ranée. Faultiug'beéan in latgléligocene-early
Miocene time and continues to the present. In the central
Magdalena Mountains, where .only Tertiary rocké'are expoééd,
this block faulting overprints a ;omplex ‘of intersécting
caldera structures. Three of these structu;es,' the
Magdalena, Sgwmill Canyon, and North Baldy cauldrpns, are
present in the mapped area. A panoramic view of the western

slope of the Magdalena Mountains is shown in figure 2.



Figure 2, Panoramic view of the western slope of the Magdalena Mﬁuntains,
looking east., North Baldy Peak (NB), South Baldy Peak (SB), Elephant
Mountain (EM), Hop Canyon {HC),




Methods of. Investigation

During the summers of 1977 and 1978, geologic
mapping was .carried out at a scale of 1:1200Q oﬁ an
énlargement of the. Magdalena 15-minute quadrangle of. the
U.8. Geological Survey. Aerial photographs of the GS-VMA
series (3-—7-56) " and U.S. Fdrest - Service (4-13-71) "
facilitated field mapping. A Bruntoﬁ compass was used to
measuré attitudes of bedding and foliation.

Seventy-four thin-sections were made and stained
for potassium by etching in fuming HF fof 70 seconds and
immersion dim sodium cobaltinitrite for 3 minutes. The
staining procedure follows that given by ‘Deer, Howie, and
Zussman (1966). Tﬂe thin~sections, _and the rock samples
frqm which they were taken, were analfzed to ai& description
and c¢orrelation of fock units. The petrograph%c‘ analysis
was éarried qﬁé'with a Zeiss binocular research miéroscope.
Claséification of igneous rocg types is acéording to the
proposed IUGS «classification (Strekeisen, 1967, 1976);
classification of sedimentgryErocks is a;cordiné‘ to F.i-

Pettijohn (1975).

Previous Work

References dealing with the geology and
stratigraphy.of the Hagdalené Mountains and surrounding area
are summarized in the following <chronological list. The
locations of studies in the Magdalena MoﬁntainSuSocorro Peak

area are shown in figure 3.
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1900

1910

1918

1932

1942

1957

1963

1968

1971

Herrick (1900) conducted a reconnaissance survey of

portions of Socorro and Valencia Counties and:
recorded the presencé of trachyte and rhyolite
intrusives in the Bear, Gallinas, and Datil

moun tains.

Lindgren, Graton, and Gordon (1910) examined the
geology and mining activities west of Water Canyon.

Wells (1918) briefly described the 7geology of the
central Magdalena Mountains. :

Lasky (1932) discussed the genefal geoiogy of the
Magdalensa Mountains and examined the mineral
deposits and mines in Hop and Mill Canyons.

Loughlin and Koschmann {1942) published - a
professional paper on the geology and ore deposits
of the Kelly mining district.

Tounking (1957) mapped the Puertecito 15~minute

‘quadrangle and subdivided the now obsolete Datil

Formation into the Spears, Hells Mesa, and La Jara
Peak Members.

Givens (1937) mapped the Dog Sprimgs I15-minute
quadrangle and subdivided the Hells Mesa member in
the Galliuﬁs Mountains into seven subunits.

Weber (1957) studied the Stendel perlite prospect
and described the petrography of rhyoliteé flows from.
a small area on the east side of Agua Frlo Canyon in
the Magdalena Mountains. .

Weber (1963) excluded the La Jara Peak Member £from
the now obsolete Datil Formation after Willard’s
(1959) suggestion. :

Stacy (1968) studied the geoiogy of the area around
Langmuir Laboratory in the central Magdalena
Mountains. ‘ :

Chapin {1971la) discussed the development of the ' Rio
Grande rift and the different characteristics of its
northern, central, and southern segments.

Chapin (1971b) published a K~Ar age for the La Jara
Peak. Andesite and noted that hydrothermal
mineralization had occured both before and after
emplacement.

Park (1971) studied the petrology of the Tertiary
Anchor Canyon stock at the north end of the
Magdalena Mountains.



1972

1973

1974

1975

1976

1977

1978

Weber (1971) suggested elevating the Datil Formation

-£0 Group status.

Brown (1972) mapped the southern Bear Mountains and
subdivided the Hells Mesa Formation into a
crystal-rich lower member (tuff of Goat Springs) and

a crystal-poor upper member (tuff of Bear Sprlngs).

Bruning (1973) examined in detail the lithology and
origin of the Popotosa Formation.

Deal (1973) studied the northern San Mateo Mountains
and ddentified the Mt. Withington cauldron which he
considered the source of the A-IL Peak and Potato
Canyon tuffs. The A-L Peak Tuff was renamed from
Brown’s (1972) tuff of Bear Springs.

Simon (1973) mapped the geoclogy of the Silver Hill
area and distinguished the unit of Arroyo Montosa
from the Popotosa Formation, placing it between the

La Jara Peak Andesite and the older volcanics. '

. Chamberlin (1974) mapped the geology of the Cduncil

Rock district and expanded the A-L Peak Rhyolite to -
the A~L Peak Formation, subdividing it into four
subunits.

Chapin and others (1974) discussed the structural
controls on mineralization in the northern Magdalena
Mountains. ;

Krewedl (1974) mapped the . geology of the central
Magdalena Mountains, includlng the eastern margin of

the thesis area.

" Chapin and Seager (1975) discussed the evolution of
_the Rio Grande rift in the Socorro and Las Cruces

areass

Chapin, Seimefs, and - Osburn- (1975) conmpiled a

summary of 1radiometric ages of rocks from New

"Mexdico.

- Wilkinson (1976) mapped thé- Tres Montosos area

immediately south of the GCouncil Rock district.

Tovenitti (1977) studied the origiﬁ of jasperoid in
the Kelly Limestone along the crest of the Magdalena
Range. .

Blakestad (1978) restudied the Kelly Mining district
and correlated rock units identified by Loughlin and
Koschmann (1942) with the Spears Formation, Hells
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Mesa Tuff, A~L Peak Tuff, tuff of Lemitar Mountaims,
andesite of Landovaso Reservoir, and La Jara Peak-

Andesite.
Chamberlin (1978) examined the structural
development of the Lemitar’ Mountains and its

relationship to the Rio Grande rift.

Chapin (1978) discussed the characteristics and
evolution of the Rio Grande rift in reference to it
northern, central, and southern segments.

Chapin, Chamberlin, and -others (1978) examined in
detail the exploration framework of the Socorro
geothermal area. ‘ -

Chapin, Jakhns, and others (1978) prepared a geologic’
read log for - the Socorro-Magdalena-San Mateo,
mountains area.
Osburn (1978) studied the east-central portion of
the Magdalepa Mountains and defined the unit of
Sixmile Canyon. He also renamed the upper tuffs as
the tuff of South Canyon.
1979  Petty (1979) mapped the geology of the southeastern
portion of the Magdalena Mountains. :
In addition to the completed studies above, the
following work is im progress:

S. Bowring in the central Magdalena Mountains

REeM. Chamberlin in the Lemitar Mountains-Socorro
* Peak area :

M. Donze in the southwestern Magdalena Mountains
S. Roth in the southern Magdalena Mountains

We. Sumner‘in the northern Magdalena Mountains.
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STRATIGRAPHY AND PETROGRAPHY
Tertiary Extrusive and Sedimerntary Rocks

Central Soccorro County lies within the
northeastern ﬁortion of the Datil—Mogollqn volcanic field of
0ligocene . to early‘Miocene age. Near Pﬁertecito, northeast
of the Gallinas ‘Mduntains, the base of this iertiary
volcanic sequence lies conformably. on " the Eocene Baca
Forma;ion éToﬂking, 1957); in the cenf?al Magdalén;
Mountains the volcanic sequence lies undonfo¥mably on late
Paleozoic rocks (Kréwedl, 1974). ‘

The ancestral Magdalena Mountains were upli%ted
during the Laramide orogeny'(Loughlin and Kgschﬁaqn, 1942%
and the erosion - that followed exposed tlie underlying
Paleozoie rocks. The resulting detritus was deéosited
northward into the Baca basin. At the time‘ tha;: volcani;m
began, about 37 m.y. ago, topographic relief wgs‘maderate
(Chapin, 197la).

In.thev Qenﬁ;al Hggdaleng Mountains' the oldest
units ofA thg 'Iertiary -;equence aré’ thé' voiééniclast;c
sedimentary facks of the Speags Forﬁation‘of-early Dligocéne-
age. In the middle and late Oligocene this waéifoiloWed -by
a = series of agh—flow tuffs, andes;£e laQas, and
cauldron~£fill units. In the thesis“aréa this sequence was
overlain in Miocene time by the lahariec breccias and
sandstones of the Popotosa Forpation and by the rhyolites of
Magdalena Peak. The Tertiary roeck units in the thesis area

are shown in figure 4.
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..-".'I")}..'I f,‘ﬁ_{{l‘j Buff to gray-brn. ash-flow tuffs interbedded locally in lower and
(A} ] 3 Yy middle parts of £low. Magdalena Peak is the inferrad vent.
T AT Ty e
U | 3 BT ' - ;
P -—'-"‘:""—«E"::-i-_;'l' Upper Popotosa Formatjon: (0-30 m, 100 fr) CONGLOMERATES and SANDSTONES:
Ty e S . buff to brn., mod, to poorly indurated, heterolichic cgl. and cpl. as,
4] -;'.g_b“a:.,a- i A

LRy Lava Flows: {0-150 m, 500 fr) BASALTIC ANDESITE and ANDESITE LAVAS: °

2 R Gt iR B
%1 Sameiaut Ry Tuff of Lemicar Mountaina: 28 m.y. {105-180 m, 350-600 £t) ASH-~FLOW TUFFS:. -
- —_—— .
B e s wultiple-flow, comp. zoned, simple to compound copling unit of
W ' ‘:_:_......-.._.. densely welded tuff, Lt.,-gray to pale-rad, crys.-poor lower member
o3 My s 205-120 @ (350-400 £r) thk, ¥Nd,-red, erys.-rich, qtz.— aad blot.-rich, |
Ll SRR AN St 2-feld. upper member 0-60 m (200 fr) chk. . -
=24 I e 5
\J ST s xS Td ¢S, Unic of Sixmile Canyon: {D-270 m, 900 fr) ANDESITE to BASALTIC ANDESITE :
£ LAVAS and SANDSTONES: dark-brn. and red-brn. parphyritic sndesites,
‘2 I dark~gray to red-brn. aphanitic andasices, and poorly te well-

Lower Popotosa Pormation: (0-120 m, 400 fr) MUDFLOW DEPOSITS and
SANDSTONES: red-bmm., very well-indursted., heterolithic laharie .
breccias with abupdant clasts of underlylag vole, unita, with
winor interbedded sandstones.

- ——
-—
-

Lava Flowus (0~90 m, 300 ft) ANDESITE: gruy to red-gray, wod, purphyritic '
© lavas w/ phenoerysts of plg., cpx., bist., and pseudomorpha after ol.
—_——— Xenocrysts of qtz. and kepar. are also present, .
Tuff of Souch Camyon: 26 m.y. (0-120 m, 400 fr) ASH-FLOW TUFFS: mult:lple—-. i
flea, simple cooling unkt of thyolite ash-flpw tyff. Dark-gray to H

pink-gray, mod. to densely welded, mod. crys.~-rich tuff w/ chatoyant - ,
s el sanidiné and echedral qrz.

La Jara Peak-1ike, dark red-gray, dense basalhic andosites w/) -
A 'small, red, hemacized, ferrowaz. phencerysts, and pink-gray to
7 red~brn. andesites w/ phenocrysts of hornblende and biotite.

sorted ss, and conglom. 8s, Flows are highly variable. -

TUFF: A-L Peak Tuff is & composite ash-filow gheet comprised of
busal groy-mussive, middle Flow-banded, and upper pinnacles membars;
all densely welded, grys.—poor, l-fuld., rhyolice ssh-flow tuffa:
Gray to prpl.-gray Elow-banded member has lineared pumice and .
flov folds. : -

=

. 4.

{
1
1.
1
P

- {  Hells Mesa Tuff: 32 m.y. (365-1138 m, 1200-380G £r) ASH-FLOW TUFFS:
T rhyolite, multiple—~flow, simple cooling unit of deneely welded, .
erys.—rieh, qtz.-rich, 2-feld., magaive tuffs. Pink to red=bra. when v
fresh, gray when propylitically altered. Lenses of laharic brecclas
: of Sprears composition interbedded in upper part of tuff between
. Horth Baldy Peak and M1il Canyon.

-
—

Spears Formation - volcaniclastic wnit: 37-33 m.y. (0-100 m, 330 ft)
- CONGLOMERATES and SANDSTONES: velcaniclastic apron of latite te ]
andesite composition; red to prpl.-brm. coazse g8, and egl.

Figure 4, S8tratigraphic section of the thesis area. Graphic
section and descriptions modified after Chapin, Chamberlin,
and others (1978). Thicknesses are exposed thicknesses and
may not refect the true thickness of poorly exposed units.
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Spears Formation

Originally named the Spears . Member of tﬁe ﬁow

‘obsolete Datil TFormation by Tonking (1957), fhe Spear;
Formation is a sequence of latitic and —andesitig'
conglomerates, <volcanilelastic breccias, and saﬁ@stdnes{
Ash-flow tuffsA and lavas are ffequently interbed@ed in the
upper part of the sequence. The Datil Formation waé raised
to’ group status -by Weber (1971) and Chapin (1971b) raised
‘the Spears to formationgl staéus-‘ The Spea;s ?ormatiqn‘ was
gubdivided by Brown (1972)  into a lower unit of
volcaniclastic ;onglomerates and.sandstones, and an ﬁpper-
unit of intérbeddgd sedimentary rocks andw latitiec to
andesitic ash-flow tuffs and lavas. Detailed studiés of the
Spears Formation have geeﬁ made by Brown (1972), Krewedl
(1974), Chamberlin (1974), Wilkinson (1976), and Blakestad

(1978).
| A latite tuff breccia from the Spéqrs Formation at
the north end of.tﬁé Joyita ﬂills-has been dated by the K—-Ar
methad on biotite at 37.1 + 1.5 m-y-'(Wéber, 1971). Dates

on other -samﬁies‘_og the Sbears Férmgtion range between 3?
and 33 m.y. {Chapin, unpublished dates). These dates are
compatible with the 32 m.y. age of the éverlying Hells Mesa
Tuff.

In"éentral Soceorro Cﬁunty, the Spears Formation
crops out discontinuously over a ﬁroad area from the Datil

Mountains in the west to the Joyita Hills in  the east, a



distancé of about 80 km (50 mi).' At the type section, on
Hell’s Mesa in the fueftecito quadraagle, Tonking (1957)
measuréd a thickness of 410 m (1350 £t). In the southern
Bear Mountains, Brown (1972) estimated the,thickﬁes; of tﬁe
Spears Formation to be about 595 m (1950 £tr), énd.at thé'
south e;d of the Kelly'district, Blakestad (1978)"estimateﬁ
the thickness of an incomplete’section to-ﬁé abopt 550 mx
{1800 £t). The outcrops of the Spearsr Formation -in :th;'
thesis area are the southern extension of the‘exposﬁrgs'in
the Kelly . district measured by Blakestad (1978).. | |
| In the éhesis area, only part of the ldye; -member.
of 'the Spears Formation ié exposed. The Ani Peék.Tuff has
been downfaulted against the Spears Formatiom .along kthe
margin of the Magdalena cauldron and the upper Spears has
been cut out. Outcrops of sandstone, which are confined to
the south side of Patterson Canyon along the nérth—cehtnai
boundary of the thesis area, aré discontinuous and largely
obscunred bly colluvium. In the Kelly distri’ct‘,:‘]lai‘akestac_i‘
(1978) reportéd that the saﬁdstones of the 1owef. m;mbe; of
the Spears Fofmation were often cross—bedded.:-lp the thesis
area, cross-bedding was not obséryed; exposures,npowg;er,
are poor. N

In hand specimen the ‘ loﬁer .membef . is a
well—induratgd,r volcaniclastic, coarsé—grained sands;one
that is characterized by a reddish- to purplish-brown color
on weathered surfaces and grayish-purple on fresh surfaces.

The éubwangular to sub~rounded clasts are poorly to
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‘moderately sorted and range from 0.5 to 2.0 nm in the'long
dimension. Whitish feldspar is common with biotite present
in lesser amounts.‘

North of the study aréa, in the Kelly district énd
Bear Mountains, the lower meﬁber is more heterogeﬁeous and’
consists mainly of pebble and cobble conglomerates ~(Brown,
1972; Blakestad, 1978). Detailed petrography of the Spaars
Formation has been_diséussed by Tonking (1957), Chamberlin

(1974), and Blakestad (1978).

Hells Mesa Tuff

The Hells Mesa Tuff is a multiple-flow, simple
cooling unit of ecrystal-rich, quartz-rich, two~fe1dspar;
densely welded, rhyolitig ash-flow tuff (ChaPin,iChamberlin,
and others, 1978). It is widespread gnd crops ou; in the
Gallinas, Bear, Magdalena, and Lemitar Mountains, and in the_
Joyita Hills. The tuff confﬁrmably overlies the Speéré
Formatign “din tﬁe Kelly Mining distqict;lin the thesis area
the Hells Mesa is in fault contact witﬁ ydunger extrugive'
units. |

The FHells Mesa Tuff was named sy Tonking (1957)
after a conspicuous peak at the eastern edge of the‘ Bear
Mountains. Originally assigned as a member within thé'now
obsolete Datil Formation, the Hells Mesa was raised to
formational status by Chapin (1971b) and later gubdivided

into seven units by Brown (1972). Chapin (1974b) and Deal
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and Rhodes (1976) restricted tﬁe Hells Mesa Tuff to include_
only the basal 'crystal—ricﬁ, densely welded unit
corresponding to ﬁrown's (1972) tuff of Goat Springe. The
source of the Hells Mesa Tuff is the North Baldy,.cauldron
-located in the central Magdalene Mountains (Blakestad, 1978;;
Chapin, Chamberlin, and others, 1978).

in the central Magdalena Mountains the
cauldron-facies Hells Mesa Tuff has a surface area of
greater than 25 sq km (10 sq mi) and reaches an apparent
thlckness of greater than 1158 m (3800 ft) (Krewedl, '1974) .
This thickness may be exaggerated by unrecognized faults.
In the southern Bear Mountains the thickness of a measured
section of outflow;facies Hells Mesa was lés_m (640 ft)
(Brown, 1972). At the head of Mill Camyon, dim the . thesis
area, the maximum observed thickness is about 365 m (1200'
ft). The stratigraphic top is not exposed, however, and the
maximum thickness may be much greater. |

Biotite from the Hells Mesa tjpe secﬁion has Been
dated by the K-Ar method at 30.6 m.y. (Weeer and Bassett,
1963). éamples from the Gallinas Meuntains'ane. the Joyita
Hills of a crystalericﬁ'tuff correlated with the Hells ﬁeea"
were dated by the eame‘method at 32.1 m.y. and 32.4 MaV oy
respectively (Burke and others, 1963). These o;der dates
are in better agreement with the fissioﬁ-track date of the
-overlying A-1, Peak Tuff.

Cauldron-facies Hells Mesa Tuff exposed in the

thesis area forms the crest of the Magdalena range between-
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North and South Baldy peaks. ' The color of the tuff ranges
from pinkish gray to buff on' fresh surfaces, ~and ‘reddish
brown to ‘graj on wegthered surfaces. Propylitization in
sone a;eaé, espgcially éouthwest of North Baldy Peak, givés
the rock a whitish to greenish tint. Outcrops of tﬁe Hellé
Mesa Tuff are best exposed along the crest of the ramge; at
1owgr.elevations the outcroés are usually obscured by broad,
steep slopes of b;ocky talus-.
- Southwest af North Baldy‘Peak, in éection 18 (T3s,
R3W), the Bells~ Mesa fofms a prominent outcroé of a
moderately weided; white to grayish-white tuff that éoﬁtgius
interbedded grayish-purple lenses of laharic breccias and
sandstones (fig. 5). - Lithie fragmenté in these interbedded
- lenses. are predbminately of the Spears'Formation and vary in
size £from coarse. sand to large cobbles. The Sequeﬁce of
tuff and interbedded lenses of laharic breccia.'ls overlain
by an interval of sandsténes and conglomerateé. About 1000
.m (360d‘ft) south of ©North Baldy ‘Peak, 'the ﬁodérately
welded, grayiéh—white Hells Meéa éraées into a more densely(
welded, iigﬁt—tan‘tuff- To the soutﬁ, along‘ tﬁe crest of
the range and af.lpwer elevations at thé head of‘Hop Canyon,
locally prominent' outcroés of Hells Mesalshow evidence of
silicificaﬁionAandlnumerots small quartza veins-

In haﬁd sﬁecimen the Hells Mesa Tuff ié a
crystal—rich. porphyry with distinctive quartz phenocrysts’
that reach 3 to 5 mm in diameter. Pumice is lusually not

conspicuous. Both dark and light colored lithic fragments,



Figure 5.. Panoramic view of the Hells Mesa Tuff, in section 18 (T3S, R3W),
looking southwest from North Baldy Peak, Lenses of laharic breccila
(LB) are interbedded in the propylitized tuff., An interval of sandstones
and conglomerates (SS) overlies the tuff and forms the crest of hill
"9785". The exposures of Hells Mesa Tuff end against the North Baldy

cauldron margin (CM). ‘ .

61
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rangiﬁg in sizé from 2 mm to_l cm, comprise as much as 3
percent of the rock. The abundance of lithic fragments in
the iuff increases in the area southwest of No;;h Baldy
Peak; eSpecially‘in.proximity to lenses qf 1aharic‘brecciaf,

In tﬁin section sanidine  is the ‘most abundant
phenogryst and éomprises between. 15 and 25 percent of the
rock. Subhedral laths, sometimes showing carlsbad twinning,
average 1 mm or legs in length. The sanidine is ftjpically
intensely altered. Quartz phenocrysts a£e anhedral,
rounded, and commonly deeply embayed. They afe_'typiéally
clear and avefage 0.8 nm in diameter. ‘ |

Subhédral plagioclase phenocrysts; rangiqg in size
from 0.2 to 1.6 mm, comprise between 5 and 10 pe?céﬁt of thé
rocﬁ. The plagioclase shows varying degrees of aiteration;
some grains are almost totally replaced by calcitg. Albite
twinning is .e;ident in a few phenocrysts; however, the'
intensity of alteration has probably obscured the Pre%ence
of twinning in other phenocrysts. The compo#itioh of“the.
plagioclase (8 grains? Michel-Levy method) ié abéut An33- A
.greater nunmber of grain counts is needed fof .an accurate
@etermiuation, _however, the méasﬁrement compares favﬁrabl}
with Krewedl’s (1974) estimate of An32 -~ An36.

‘Lath—shaped phenocrysts of biotite averéging 0.4
mm in .lenéth comprise about 2 percent ofAthe rock. The
biotite is lérgely algered to magnetité and calcite, though
a few grains showed a remnant brown color in plain light.

Magnetite is present in trace amounts as rounded grains that
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average 0.3 mm in diametetr. In one samplé, trace'amouﬁts of
what appeared to_be an altered «clinopyroxene are presénti
These subhedral grains average 0.8 mm in diameter and show
relativaly-high relief, well—~developed c}e;;age; and angular
extinction. The groundmass is completely devitrified and
altered. Detailed petrographic descriﬁtions ) éf
outflow-facies Hells Mesa Tuff héve been ﬁade by Brown

(1972), Simon'(1913), and Chamberlin (1974)}.

Interbedded Units. Southwest of North'Baldy Peak, lenses of

Yaharie bfeccia are interbedded in the Hells Mesa Tuff (fig.
6); the. thickness of this interbedded interval of brepcié.
and tuff reaches ébout 120 m (400 £t). The élasts in _the
breccia are angular to subrounded and average 1 to 3 cm in
diameter; near North Baldy Peak they increasé in size and
may vreach 0.5 m (1.5 ft) or more in diaméter;"Blakesfad
(1978) réported clasts that reach 2 m (6 f£t) in size. The
clasts are predoﬁiﬁately gray to pu;pliéh—gfay‘and hafe
Spears Formation lithologies. The matrix appearé to consist
of a mixture of reworked Spéa;s and Hells Mesa Tuff.
-Andesite lavas interbedded in the Hells Mes; Tuff,
in approximately the same stratigraphic interval as tﬁe
laharic breccias, are found south of‘hill "g730" aloné the
east side of the ridge, in sectioms 19 and 30 (738, _RBW);
The andesites are heterogeneous and vary between a
purplish—gfay aphanitic andesite, and a distinctive ‘"turkey

track™ andesite with highly contorted mineral alignment.



Figure 6. Laharic breccia (LB) interbedded in Hells Mesa Tuff, in section
18 (738, RBW). View 1s to the north; North Baldy Peak is at the far
right just outside of the North Baldy cauldron margin (CM).

YA
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Basal portions of the £flows are  commonly autobrecciated.

The' andesite is less resistant tﬁan the Hells Mesa Tuff and
exposures are typically discontinuous.. However, a érominent
outcrop of the éndesite is found on the ridge along the.
sorth side of Mill Canyon in the N 1/4 of section 31 (T3S,
R3W). This ‘ éutcrop is ;ssociated Kwiﬁh prominent,
northwest-trending outcrops of Hells Mesa Tuff wﬁich appear
to have been partially silicified by a northwest-trending
Shear =zone. A - few prospects have been cut along:quartz
veins in both andesite and Hells Mesa Tuff. 1 '
Southwest'of North Baldy Peak on hill “9755"? in
section 18 (T35, R3W), the tuffs and interbedded breccias
are overlain by a 38 m (125 £¢) dinterval of sand;tones and -
conglomerates. The sandstones are commanly mediuﬁ- to very

coarse-sand size and range from very poorly te moderately

sorted. The clasts are predominately of Spears Iithologies.
The -sandstone shows a wide variability im dolp?, ranging
from dark pﬁrplisﬂ gray to buff. Rocks that  ﬁave :begn
strongly propyliti;ed are .pale green) tﬁ‘géenish gray iﬁ
color. A thim, silt to véry fine-grainlsize red sandétqne
is  found oﬁ'the the>south side of hill "9785" near the top
of.the sandstone iutervgl._ |

The lenses of laharic breccia, andesi;e flows,
conglomerates; -#nd sandstones ére probably confiﬁed to fhe
Aupper portioﬁ of the Hells Mesa Tuff. Blakestad (1978) has

suggested that the interbedded breccias in this area are

similar to the mesobreccia described by Lipman (1976) in the
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San Juan Mountains of Colorado. ~ In this interpreﬁation,_
Spears and other material found in the laharic breccias were
shed as land sliqes from £he topographic cauldrog ma?gin and
became ‘interbedded' with cauldron~facies Hells Mésa Tuff
lduring collapse of the North- Baldy cauldron (Blakestad,

1978; Cﬁapin, Jahns, and others, 1978).

A=L Peak Tuff

The A-L Peak Tuff 1is a composiﬁé ash-flow sheet
(Cﬁapin'and Deal, 1976) that crops ou£-;ver a lérgé ;rea in
west-central Socorro County. The tuff was named by Deal and
Rhodes {1976) for a densély welded, cryst&l—poor,
one~feldspar, rhyolite ash-flow tuff on the northeast flank
of A-L Peak in the éan Mateo Mountains. At Fhezgype section
the A-L Peak Tuff lies unconformably on ﬁﬁe-Helié Mesa Tuff
(Deal and Rhodes, 1976). The A-L Peak correlates with
Brown’s (1972) tuff of‘Bear Springs.- Tﬁe”A%L Pégk Tuff has
been divided 'int; three members: _a’ lower gr;y%massi§é
member,' a mié&le fléw-bandedgmémher, and an upper piunaéles
member; tbe flow—yaﬁded and pinnacles members are fréquently
.separated by a tongué of La Jara Peék 'Basaltic :Ahdesite
{Chapin, Chamberlin, and others, 1975); o

| "In . the SanvMateo Mountains the complete.A~L Peak
Tuff section attains a'thickness of 610 ; (ZOOO'ft)éfig' the
Bear Mountains, 20 km (12 mi) north of Magdalena, the A-L

Peak is about 305 m (1000 £t) thick (Browm, 1972). - In the
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Kel}y mining district, Blakestad (1978) estimated the .
thickness of an ‘incomplete A-L Peak section to be 152-244 n
(500~800 ft). The A-L Peak Tuff has been dated at 31.8 +
1.7 m.y» by the fission track method on sphene‘_téien féom
the basal vitrephyre at the type section,(Smith-aﬁd otﬁers,
1976) - ‘

Onlyl the flow-banded member, an OVerlyiug
andesite, and a  pumiceous ash-flow tuff of proﬁable locai
origin are exposed in the thesis afea. The thickness of the
flow~banded member and associated andesite and tuff are less
than 61 m (200 ft) . Blakestad has estimated a similiar
thickness for the flow-banded member in tﬁe Kelly mining
district.

The flow-banded member of the A~L Peak Tuff 1dis a
denseiy welded, crystal-poor ash-~flow tuff. ;t is eqused
on the south side of Pat;erson ' danyon\ \éiong ‘the
north-ce;tral boundary of the thesis area. . The fiow-banded
member is typically streaked with flattened énd iineated gas
cavities and ﬁumice.. On fresh surfaceé the rock is.gfay‘hto
light purplish-gray; weathered surfacég arej buff to
brownish—-gray. Where propylitic altératiou hgs occurré&,
the rock has a greenish tint. The lineated ﬁumice, which
comprise between I5 and 25 percent.'of the .Foék,.-are
typically light gray in a darker maffix- The more
flow-banded exposures tend to fracture along pianes of

foliation and produce a platy talus.
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In hand specimen, phenocryst content 1s usually
less than 10 percent. Euhedral to subhedral sanidimne,
conmmonly less 'thaﬂ. 1 mm in diameter, is the most anndant
phenocryst. Quartz phenocrysts‘aze typically rouﬁded and
comprise leés' éhan 1‘ pércgnt of the rock. Detailed
petrogfaphic descriptions of the A-L Peak Tuff have been
made by Brown (1972), Simon (1973), and Qhamberlin (1974).

North of the thesis area, in the Bear Mountains
and the Kelly district, Brown (1972) and Blakeétad (i978)
report the pfesence of andesite interbedded between the
flow~banded and pinnacles membe?s of théAA—L Peak Tuéf._ The
pinnacles member - is absent in the thesis - -area, however, an
andesite overlying the flow-banded memﬁgr croés out on the
south side of Patterson Canyon.

Brown (1972) estimated the tﬁiéknegs of this
interbedded andesite to range from less thah»S m (10 £t} to
more than 21 m (70 £t); he noted that the v&riability in
thickness may have resulted from erosiongi topography on the

underlying flow—bénded ‘member. In the tﬁegis area tﬁe
_aﬁdésite lies &etween theuflowhbanded membgr_énd a tuff of
local origin and is less tham 10 m (33 £t) thick. .

The andesite is a dark purplish gray on weathered
'su?faces and soméwﬁat lighter in color on fresh surfaces.
Tt is frequently characterized by amygdules of quartz and
caléite that weather oui on expésed surfaces giving the rock
a vesiéular 'appearance. Autobfecciation is sometimes

evident in the basal portions of the flows. In hand
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specimen the andesite is' generally aphanitic wit@ a few |
phenoccrysts of whaﬁ appear .to ‘be a cligofy;oxene. These
subhedral phenocrysts are less than 1 mﬁ in diametex and are.
typically surr;unded with a fhin, reddish,‘gérona. of
hematite. | | |

| A moderately crystaiwrich pumiceous tuff.leés,than
.6 m (20 ft) thick; appears locally above th§ éndesite-l The
tuff i; characterized by pumice that avgrage.'z cm in'
'diaﬁefef and give the rock a platy fract#re.
Propylitization has turned the pumice a distingti&e'greepish
hue in a pale purplewgray‘lmatrix. " In :handi s;ecimen;
feld;pars are the predominant phenocryst; " small, émokey
quartz grains'are present in_amounté of less thap l~pé#cent.
Biotite was mnot observed. The tuff wés probaﬁly of local
origin. |

-

~ .
The source of the A-L Peak Tuff was "initially

thoaght to be the large resurgent cauldron ce;tére& about
Mt. Withingtoﬁ in the San Mateo Mountains (ﬁeal and Rhédes,
‘1976).' bsﬁbsequent'work by Chapin and others has shown that
additiohal_sourcéé fo:‘the complete éection,of the”#;t r?eak
are probable. .At Qhe pPresent time the gray-massive membéri
is considered‘to ha%e been erupted from ghe Mt . Hithiugton
cauldron, the flowfﬁandedf Lmember from the Magdaléna
cauldroﬁ, énd-the pign;cles member from the Sawmill Canyon
cauldron (Chapin, Chamberlin, and éthers, 1978)-' Work by

Bowring (in progress) on extensive outcrops of A—L Peak Tuff
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in the Sawmill Canyon area may provide additional evidence.

for a Sawmiil Canyon cauldroan source.

-Unit of Sixmile Canyon

The ‘unit of Sixmile C;nyon and andesite of
Landavaso Reservoir both lie in the stratigraphic 'in£e¥val‘
between the A-L Peak tuff énd the tuff of Lemitar Mountains.
Iin the central Hop Canyon area, the‘ tuff'rof Lemitar
Mountains is underlain by the thick seqﬁence of.‘éndesite
lavas and sandstones of the unit of Sixzmile Canyon;_héwéver
on the south side of Patterson Canyon, the Lemitar 'fuff is
underlain by the andesite of Landavaso Reservoir. These fwo‘
units are here considered correlative but will Be treéted

separately; the reasons for their different characteristics

-
A

will be considered at the end of this section.

Unit of Sixmile Canyon. The Unit of Sixmile.Canyon is a
thick sequence of andesite lavas interbeédéd 'Wifh rhyoliée
lavas, ash~-flow tuffs,:and volcaniclastie seqimentaryﬁropké.
. Named the sixmile Canyon andesite by Krewedl (19%4),.Osburn
(1978) changed the designation to unit of Sixmile Canyon 'tp
'confqrm with U.S. Ggological Survey convention . andlhto
indicate. its ﬁeterogenegus character. |

The minimum thickness of the unit of Sikﬁiie
Canyon 'in the <central Magdalena Mountains is estiﬁated by

Csburn {1978) to be zbout 305 m (1000 £ft); in the area
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around Buck Peak, he estimates a thickness of as wmuch as 765
m (2500 ft). In the thesig area the unit of Six@ile Ganyoﬁ‘
underlies the tuff of Lemitar Mountainé but i1s° in ‘féplt
contact with the Hells Mesa- Tuff. The méximum'bbservéé
thickness, in the upper part of-Mill Canyon, is about 270 m
(900 £t); outcrops are diséontinuous, however,: andﬂthe'
apparent thickness ‘m;y be magnifieé by narthntren&iﬁg
faults.

The uni& .0f Bixmile Canyon and the andesite of
Landavaso Reservoir lie above the A-L Peak Tuff‘ and below
the tuff of Lemitar Mountains, both of which ha#e Beﬁﬁ“
dated. The andesites, therefore, were emplaced duringr'fhé
interval 32 to 27 my.

The unit of Sixmile Canyon in éhe central
Magdalena Mountains is characterized by distinctive aﬁdesite
lavas, rhyolite 1lava flows, ash~flow Euff;, | lahafiér
preccias, and sandstones (Osbufn, 1978; JBowring? .in
progress). In the thesis area, only andesite, 'in#eimediate'
lavas, and sandstones are exposed. Outcrops of the uqif of;
Sixmile Ganyog are poor, howevef, and the fhyéli?e lavas aqd
ash-flow tuffs‘which appear in the iower'part 6f the'seétion
in the central Magdalena Mountains (Osfurn, 1978; ‘ﬁowring, ‘
in progress) may be obscured by talus at’16Wef elevations in-
Hop aund Mill canyons. |

ThéA andeéife flows din the thesis area are
predominantly dark gray to brown on weaphered - gurfaces and

gray, sometimes wmottled, on fresh surfaces. Outcrops are
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confined to smalljdis;ontinuous_1edges;V’weathering produces-
moderate to steep sioPes of rubbly to blocky talu;. In hand
specimen, the andesites are commonly porphyritic and contaln
distinctive white, chalky plagioclase phenocrysts;

In thin~section, subhedral, . lath-éhaped
plagioclése phenoqr&sté range in'length.froﬁ 0.2‘t0‘5 mm ,
and comprise ﬁetween 15 and 25 percent of th; _sampies; the

plagioclase has. a composition about An59 (12 grains,
Michel-Levy method). Piagioélase is commonly altered to
clay minerals and sericite. Tabular biotite, éveragiug 0.15
nm  in lengfh, comprises 4be£wéen 1 and 4 percent of the
samples; the biotite is frequently altered to magnetite andif
hematite. Magnetité, partially altered to heﬁatite, is |
present .as sﬁall " round grains in amounts nléss{ than 2.
percent.  The .matrix consists predbminantly qusubparéilel
plagioclase mi;roli;es; s

A .fine~grained, relatively non;ébéﬁhyritic
anaesite .léckinga élagioclase phenocrysts . is Ieéskcomﬁon.
This andesite- 15 d;rk gray to red-brown in outcrop and dark
gray :qﬁ‘l fresh ) surfacesf : Dense uand aphanitic,‘ it
characteristically contains aboutv 1 percent ig@all | red
phenocrysts of oxidized ﬁyréxenes, averaging: 6.5 mm in
diametér.' |

, In.HOP'Canyon, sandstone iﬁtervals rare Jlocally
interbedéed ‘in  the andesites. One- small e;pbsure. of
sandstone, estimated to be about 0.5 m (2 £t) thick, was

found below the tuff of Lemitar Mountains at the top of the
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unit -of Sizxmile Cényon. ~ The sandstone intervals 'are
generally obscured by talus and their thicknesses are
difficult to estimate. Howéver,_similar intervals, 5 to 15
m {15 to'20 ft) thick, are found fo the southAin-thé céntral
Magdalena Mountains (Osburmn, 1978; Bowring, in progress).

The sandstone is a dark pinkish gray on wéathereé
surfaces and somewhat lighter in ¢olorxr on Eresh surfaces.
Thin, planar bedd%ng'between 5 and 25 mm thick is evident in
_one sample but limited exposures prevent examination 65
larger features. TheA‘sandstone intérvals 'shov textural
variébility: a sample from one outcrop is chéracteriéed by.
well-sorted, aﬁgular‘ to subroun&ed, very fine sand-~size
qﬁartz, feldspar, and ﬁagnetite grains; a sample from
another rexposure is comprised oprooriy sorted, angular to
subrounded, very fine to medium sand-size grains of quartz,
feldspar, :ﬁagnetite, and biotite.’ In' both samples the
magnetite is partially altered to hematite, giving the rocks
a characteristic red coloxr. In some outcrops on the mnorth
side of Hop Canyon, intense propylitié alteration gives the
sandsfone a gfeenish gray éolor. - |

A thin interval of conglomepafic sandstone, with
thin planar ﬁedding, is exposed bn_the southeast slope of
hill "9618" in Hop C;nyon. | . The conélomerate is
charactefized by ve?y poorly sorted, angular, very fine
sand~ to pébble-size lithic fragmentsy of red to brown

“aphanitic volcanice rocks. =~ In the cent;él Magdalena

Mountains, Osburn (1978) has found a similar conglomeratic



32

interval at -the top of  the unit of Sixmile Caﬁyoﬁ. fhe_
conglomerate, both on its upper and lower surféées, gr;des
sharply into moderately sorted "to well-sorted, fine~ fo
medium~grained sandstoné consisting of quartz,‘feldépar,;and
volcanic rock fragments. |

A latite porphyry wiéh distinctive phenocrysts of
plagioclase; potassium feldspar, anq quartz.crops oﬁt in a
linmited area at’lqw elevations on both sides of Mill Canyon
near Frenchy’s cabin. Immgdiatelj portheast‘ of these
outcrops, in the north fork of Mill Canyop, ~a breccia
comprised of 1lithic fragments siﬁilar in appeafancé ﬁo the
porphyry is exposed. Talus blocks of fhis breccia are also
common on the slopes of the hill above the exposures of the
latite p;rphyry and brececia, in the NE 1/4 of  section 36
(iBS, R4W). + 1Im tﬁe vicinity of the Wheel pf EQIQUne miﬁe,
in the SE 1/4 of section 25 (T3S, R4W), lithic fragments of
thev latite are also found in a fine—grained,f“bedded
éandstone- KPossibie\origins‘éo; the latite porphyry and
associated brecci# will be considered at the end of tﬁis
section. = B

Iﬁ ﬁand épecimen the'iafgte is light gra& to lféht
purplish gfay on fresh surfaces and dark to dark ibrowﬁisﬁd
gray on weathered surfaces. Lath-shaped, chalky éhenocrysts
of plagioclase average 4 mm in leﬁéth but occasionaily ieach:
a length of 1 ¢cm.. Sonmewhat more equant potassium'féldspars
'range in length from 3 mm to 2 cm. Quartz 1is present as

small rounded grains.
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In thin section, plagiéclasek feldspar with a
compoéition of about An34 (11 grains; Michel-Levy method)
comprises about 10 percent of the rock; potaésium feldspar
makes up about 8 Peréent of the latite. Both _plﬁgioclasg
and -potassium feldspars are highly altered to ﬁpartz‘and
ca;éite. Tébulaf biotite, ranging between 0.3 and 0.7 ﬁm in
length, comprises about 6 percent of the éock;Ahowever;‘some
of the clasts of latite found iﬁ thé'.breccia_ have biotite
phenoéfysts as large as 2 wmm din  length. } Amphibale
phenocrysts, between 0.3 and 2.6 mm in length, comprise
about 4 percent of the rock; the fhenocrysts héve ﬁeen_
aimost entirely reélaced by quartz, sericite, calci#e, and
magnetite. | |

Quartz 1is present, in amounts of about L percent,
as r&unded and embayed'phenocrysts about 3 mm in diameter;
the phenocrysts are all fractured and havér a mosaic
appearance. Magnetite is found as rounde& grains about 0.2
mm  in diameter ”andr in amounts of about I pe?gégf- _The

groundmass has been largely replaced by quartz and:_caldite. 

The matrix  of ;:the grecbia _:ié'ﬁgélafivély,.
fine-grained and somewhat darker in colér phan:fthéa clgsté;
it is compositionally ‘similar to thé claSts'andlconta;nS“ 
detrital grains of feldsﬁar; biotite, amphibele, gﬁd quartz.
A conﬁact betweén the breccia ;nd 1atite' porphyry is got
exposed; ho%ever, thé relatively wide distribution of the

breccia in the talus surrounding the latite porphyry

outcrops and the homogeneous character of the clasts and
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matrix suggest *that_ it may have been forméd from
autobrecciation of the latite porphyry.

" Adjacent to the main entrance of the Wheel of
Fortunevmine, a reddish-gray, wéllwsorted,'fing éréin-sized
sandstoné gontains subrounded pebble~ and cobbie—sized;
clasts of the latite ﬁorphyry. $ome of the samples of the
sandstone taken‘from the mine dump contain-c}ude beds gbaut
1 to 3 em thick of wvery poorly sorted, subangular, £ine
sand- to pebble~size lithic fragments. These thin beds ﬁere
not ohserved\in the sandstone exposed in outcfop; -

Three possible origins for the latite poyphyfy aqd
associated breccia are suggested. J

1.) The latite was emplaced as a thick‘fiow ;bove
the Hells Mesa Tuff as part of the cauldron . £41} of the
North Baldy cauldzron. A latite porphyry \éf similar
characteristiecs has been reported by Donzéx (personal
communication, 1979) for a smali area about 9.0 km (5.5 mi)
south of Mill Canyon, section éﬁ (T 48, _ﬁ&ﬁﬁﬂ The latite
appears to 1lie in the intervél ﬁetween thg Hall§ Mesa Tuff
and the unit of Hardy Ridge -kgauldron “fiili of“tﬂ; N&rfh
Baldy cauldfqn). Bowring (iﬁA p*ogréés) also:-notes the
association of a similar porphyry and‘ the unit of .Hardy'
Ridge in an: area 6.5 km (4 mi) sough of ﬁill Canyon in
section 19 (T4S, R3W); the stratigrapﬁic relationéhip
between these two units, hbWever, is not clear. The latite
porphyry found at low elevations in Mill Canyon may,

therefore, be exposures of a-flow lying in place above the
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Hells Mesa Tuff. Clasts of the latite found in a ' sandstone
of "the unit of Sixmile Canyoh waere de;ivedkfrom ;rosion of
the latite following collapse of - the Sawmill
CanyonHMag&alena cauldxron. .

2.) Origin is s;milar to the Aabo#e with the'
exception that the ’‘outcrops af éhe latité' éorphyry and
breccia in Mill Canyon are eﬁposed remnants of iargé slide
blocks from the topographic . wall of the  Sawmill
Canyon-Magdalena cauldron. | - . ' l

3.) The 1a£ite - poxphyry was emplaced
contemporaneously with the accuﬁuiation of the andesites and
sediments of the unit of SixmileﬁCanyon as cauldron £111l of

the Sawmill Canyoanagdalena cauldron.

Andesite of Landavaso Reservoir. The andesite of Landavaso

Reservoir ﬁas been the name given to a series\ ﬂf highly
variable. andesiﬁe. flows that crop out in the Keliy mining
district and i; a broad ‘area west and northwest of the
Magdalena Mountains. Némed for; expasures ne;r Landavaéo
Reservoir, 6.5 km (4 mi) west of Magdalena, the andesites
Wer; Afirst described by Simon (1973). At the type locality
the andesites lie above the flow-~banded member of the A-L
Peak fuff and below tﬁe tuff of South Canyon {Simon’s "upper
tuff™) (Simon, 1973; Osburn, personal communication, 1979);
Stratigraphic relaﬁionships between the  andesite - of
Landavaso Reservoir and the tuff of Lemitar Mountains

(Simon’s "tuff of Allen Well"™) are mnot exposed. Simon
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(1973) thought that the tuff of Allen Well (Simon’s tuff of
La Jencia Creek) was a member of the A-I, Peak ‘Tuff and he
placed the andesite of Landavaso Reservoir stratigraphically
above the tuff of Allen Well. The term "tuff of Allen Well”
has since beén abandoned because this tuff lies abové.£he
A~L Peak Tuff and is equivaient to the tuff .of Lemitar
Mountains (Osburn, 1978; Chambe;lin;.in préparation), The
apdeslte of Landavaso Reservoir is probably correiative with
andesites that lie above the A-L Peak Tuff but below the
tuff of Lemitar Mouﬁtains.n-‘

'Andesites of similar petrology in the Cou;cil Rock
district, 24 km (15 mi) norﬁhwest of Magdalena, were cailed
"andesite of Landavaso Réservoir by Chanmberlin (1§?4), but
thelr relationship to other andesites of this name.is
uneertain. In the Cat Mountain area, south‘of the Coﬁncil
Rock district, Wilkinsan (1976) found 'a_highly variable
series of andesite flows above the A-L Peék qufi wﬁich hé
also ;orrelate@ with the andesite of Landavéso Reéeryoi#.

Al;ngl La . Jencia Creek; S_km‘(é ﬁiSi#éfthwes?zof 
ﬁaédalena; Brown (1972) poted thé occ#éenceffafy’;ndesite
flows with.iﬁterbedded:;hin‘volqaniélasfic‘sgﬁdstones lying
above the A-L Peak Tuff (Brown’'s "tqff of Bear Spr;ngs“s and
below the Lemitar tuff (Browg's ."tuff- of Allen Weil").
Blakest;d (1978), "in the Kell& mining district, correlated
the andesite of Landavaso Reser%oir with units of Loughlin
and Koschmann {(1942). 1In the southwest cormner of the Kelly

- mining distriect, in an area that adjoins this thesis arez,

v
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Blékeséad (1978) mapped Landavaso Reservoir iying bg;ow whét,
I interpret as the 1lower member -of thé-‘Lemitar tuff
(Blakespad’s "upper tuﬁf"). |

The andesite of Landavaso Reﬁervoir " and other
andesites of  this stratigfaphic position vary greatly in
thickness and are all thinner than the unit of- Sixmile
Canyon. Simon (1973) estimated a maximum thickness of about
244 m (800 ft) . at Landavaso Reservoir. Chamberlin (1974%)
estimated a maximum of about 122 m (4001 gt ) at ‘éouncil
Rock Wilkinson (1976) also found a maximum hhickness of
‘about 12? m (400 £t) in the Cat Mountain area. Along 1la
Jeteia ‘Creek, Brown (1972) records a qhickness of-3 to 21 m
(10 to 70 £t). 'In the thesis area, and d4in the ’aajoining
southwest corner of the Kelly‘mining distridt, the maximum
estimated thickness ié about 122 m (400 f£t).

In the thesis .area, exposures n ofh andesites
previously referred 'to as ;ndesiteé of Landgvaso Reservoir
{Blakestad, 1978)’agg confined to the porthﬁest onner- The
andesiltes commoﬁly érép.out as thin Iédges that, wéather to
low rounded hills of fui?bly‘té.lus. The flows are f.i.-'equeﬁtly
autobreéciated in their basal portions;

In hénd ~specimeﬁ‘the andesite, is highly variable
and both porphyritid and aphanitic fodks are présent. The
poxphyritic _rocks‘ are commonly pinkish to reddish gray on
fresh surfaces and dark brownish gray to reddish brown on
weathered surfaces. Phenocrysts of plagioclase, hornbleﬁde,

and pyroxene atre usually present; the hornblende 1is
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cdmmonly surrounded by a red corona of hematite.  The morg_“
aphanitic andesites are medium gray oo frash surféces and
weather to a dark brownish gray. Small reddish phenocrysts
of‘a ferromagnesian mineral are usua;ly present; '

In thin-section | the andesite showsl greatef
variability than 1Is evident in hand specimén. Lath—shéped,.
subhadral to - anhedral plagioclase phenocrysts rangeb in
length from d-3 to 2.5 mm, with an average of about 1.2 ﬁm}:
and conmprise between 16 and 18 pefcent.of the rock; the
composition of the plagioclase 1s about 'An4é (12 graims,
Michel~Levy method). Clinopyroxene constitutes ;béut 7
percent of the rock in two samples but was absent "in a
third. "The clinopyroxene is- euhedral to anhedral aﬁd
ﬁverages.about 0.5 wm in 'diamete;;- in one -sample the.
clinopyroxege had been altered to a fibrpus;\pale-green;
slightly pleochloric chlorite. >

Subhedral to anhedral hornblende ranges in
abuﬁdance from a trace to about 4.percent. In‘one sémplé'
the phenoccrysts are glomeroporphyritic and range'.iq iéngéﬂ
from 0.3l to 2;0 mm,. with an avérage ;f aBout 1;z:ﬁﬁ;?§n‘
‘another, fhe hormblende averages only 0.5 mm in -iéngth xéﬁd
is distfibﬁted evenl& throughout the thin;section. ‘Tﬁe
hornblende éommonly shyws‘corrodéd intefiors anda.alterétign
rims of hematite.

"Iddingsite" pseudomorphs aftér olivine constitute
ébout 4 percent of one sample; the phenocrysts aré euhedral’

to subhedral and range in size from 0.15 to ©.7 mm in



39

length. The pseﬁdomorphs_ are outlined by a dark rim of
magnetite. Magnetite is also presenﬁ'.as . small rounded
phenocrysts' averaging O0.15 mm in diameter. The groundméss
has a pilotaxitié texture of plagioclase miérolites.
‘Secondary quartz occurs in all saméles.

Osburn (1978) intérﬁrets the great ;hickuéss and
heterogeneous character of the unit of Sixmile Can}on " to
represant cauldrqn £il1ll of the Sawmill Canyon cauldron..The
presence of the unit of Sixmile Canyon at the heads of M;ll
and Hop -canyons indicates that these areas_.either'
participated in the collapse of the Sawmill Canyon ﬁauidron
or were topographicaily low and close enough toibe'overrun
by flows along the margin of that cauldron.

The andesite of Landavaso Réservoir cfops oué-in a

broad arc from the mnorthwest slope of the - Magdalena

- -

Mountains 16 kp (10 mi) west to Cat Mountain. Exposﬁres of
the andesite are confined to the Magdalena cauldroﬁ, gﬁd the
andesite has been interﬁreted as cauldron‘ £1i11 (Blékestad;
1978; Chapin,'Jahns; and others, 1978). |

The Magdalena and Sawmill Canyon éauLdfdng were
both formed about 32 m.y; ago following the eruption of.'the
flow-banded and pinnacles membefs of the A-L Peak Tuff,
respectivelf (Chapin, Chamberlin, and others, 1978); The
Sawmill Canyon cauldron probably breached tﬁe wall of the
slightly eariigr'ﬁagdalena‘cauldron near the present héad of
Mill Canyon, creating a composite structure with a . large,

dumbbell~shaped depression (fig. 7). 1In the area where the
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cauldrons joined, andesite of Landavaso Reserv&ir from the_
west met and interfingered with the unit of Sixmile Canyon
from the east. The greater thickness and heterogeneity of
the wunit of Sixmile Canyon is interpreted as the.éesult of
Fhe greater subsidgnce of the Sawmill Cany&n cauldron 'wall

and its more severe topographic relief.

Tuff of Lemitar Mountains - . !

The tuff of Lemitar Mountains is a ;ultiple~flow,
simple to compound cooling unit of denseiy Wélded ghyolite
ash-flow tuff (Chapin, Chamberlin, ané others, 1978), which
has been divi&ed intd a erystal-rich wupper mwmember and é-
relatively crystal-poor -lower member. A thin tran;ition
zone separates the two members. The source Pf tye’ tuff ié
believed to have been the Socorro cauldron, céﬁéered in the
northern Chupadera Mountains (Chapin, Chamberlip, agd
others, 1978). | |

The tuff of Lemitar Mountains was first deééribeq
in detail by Brpﬁn (1972) who éailed it, varioﬁsiy; the tﬁff-
of Allen Well and thé tuff of L; ‘Jencia Creek. . Chamberlin
{(in ‘preparation) renamed the tuff for ihe Lemifar Hoqntains
and measured a refefenﬁe section iﬁ~that area. A 'détailed
description of the tuff of Lemitar Mountains in the eastern
Magdalena Mountains has been presented by Osburn (1978), who

divided the tuff inte upper and lower members.
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Samples of the tuff ,of Lemitar Mountains -from_-
Monica ’Canyon "(San Mateo Mountains) and tfhe_ fémitar-
 Mountains have been dated at 27;0 + 1.1 m.y. an& iG-B iA-l.O'
MY o resPectively (Chapln, unpublished data). Thfee dates |
from the same oﬁtcrbp in the Joyita Hills gavé ages:bf. 28.8
+ 0.7 m.y., 27.6 ill.l mey., and 28.1 4 1.2 m.y. (Chapin,
personal communication, 1979). The 26 3 m.y. date can be
- discarded because of potasslum metasomatism; -the remaining
d;;es average 27.9 m.y. Dating of all sampléé ﬁas by the
K-Ar method on biotite. “
| The luff of  Lemitar Mouqtains crops out over a
broad area from the Joyita Hills,heast éf the Rio.Grande,_tor
the northern San Mateo Mountains. Within the Socorro
cauldron the thickness of the lower member is in excesé of
245 m (800 £t), and may be much greater; the thickness of
the. upper member is between 105 and 915 m (350 to 3 000 ftj
(Chapin, Chamberlin, and others, 1978).  In the outflow
shéeﬁ, tﬁe lo%er member is often absent and has a maxiﬁum
thi_ék_ne_ss of 30 m (100 ft); . the upper’ mlem'ber jis very.
widespread ';nd {ﬁa;. a Tmaximum thlckness of 120 ‘m (400 ft)
{Chapin, Chamberlin, and others, 1978)Y. . In the Magdalena
Mountains, hﬁwever,lwheie topographic lowsfexl#ﬁed along the
margins  of ‘older cauldréns;' these .thicknessésa are
appreciably greater.'-F6¥ exaﬁple,' in Sixmile Cényon the
lower member reaches a thickness ‘of 245 m (800 ft), and the

upper member 215 m (700 £t) (Osburn, 1978) .
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Lower Member. Osburan (1978) divided the lower member ifnto

three zones (basal, intermediate, and upper),on the basis of
outcfop char;cte:istics, welding, lithic and pumice content,
and color. The ﬁorphology and type and degrée of aiteration_
are similar for ail zones . In the thesis area the
distinction between thé thrée zones as described by Oshurn
(1978) was not always apparent. |

The basal zone 1s. light gray to pinkish gray,
pumiceous, and'poo;ly to moderatelf welded., The basal zone
is not everywhere present in the section; Osburn (1978;
persona; comuunication, 1979) has suggested tﬁat topographic
relief at the time of deposition of the Jlower imember 'ﬁay
have been - responsib;e for the- observed"d;fferences in
thickness and the discontinuous nature of the basal, poorly
welded =zone.  Altermnatively, higher compaction and denser
weldiﬁg of the tgff could increase the relative\:phenocryst
content by ‘reducing the volume of the rock ;iﬁ which
pheﬁoérysts are céuﬁted. Thus the "basal” zone may not be’
lacking din’ éome " areas but is only more demsely ?oﬁpac#ed
(Osbﬁrn; ?e?sonal Eommunicafion, 1979). Outcrofs -oi ffhe’
basal =zomne arg'iﬁfrequent; and where exposed, form réupﬁed
hills of ﬁoderaté.slope. e

In the Intermediate and upper zones, the tuf £
becomes reddish gray to dérk reddish gray}and moderately to
densely welded. Thesé more densely_ welded zongé of the
lower member plus the ovefiying transition zone and upper

member of the tuff of lemitar Mountains form prominent
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cliffs on bothlsides of Hop Canyon,.in sectiom 19 (T3S, R3W)
and - section 24 (T35, R4W). Im ﬁhe thesis area the observed
thickness of the lower member is'ﬁefweeﬁ 1@5 and 120 m (350
and 400 ft). On South Baldy, 2.5 km (1.5 mi) south of the
thesis area;-Bowring (in progress) reporfs a thickqeéé‘ of
115 m (380 ft). |

In thin section the phenoaryst dontentkof.four
samples ?aken from the lower member ranged from 10 to 16.
percent, with an ;verage of 12.5 percent. One-éample taken
very high in the ;ectioh, just below the transition =zone,
had a phenocryst content of abéut 23 percent.

Sanidine is the ‘most abundant minerai ‘and
comprises, on the average, between 8 and 12 percent " of the
samples; the sample taken high 1In the section shows a
relatively higher sanidine content of 'abOut 16‘ percent.
Phenocrysts are typically subhgdrél énd'i frequently
lath-shaped; carlsbad ‘twinning is rarea. - Saﬁidine
phenocrysts range 1n size from 0.2 toc 2 mm and averége 0.6
nn in the lopg ‘dimension. The sanidine 1is siightif ‘to
highly altered;' in ‘the more intensely altered samples,
relict grains are frequently ‘plucked during the grinding
process leaving only skeletal remains *iﬁ thin-section.
Alteratiéﬁ initially occurs along thin fractures that stain
strongly for patassium' with soddium cobaltiqitrité; clay
alteration ‘ﬁroducts are ' also concentrated along these .
fractures.- As - alteration procedes, the sanidine develops

"holes", takes on a ragged appearance, and ;s eventually
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destroyed. South of the thesis areaz, ngring (pe;sonal_
comipunication, 1979) reports similar ayteration of saﬁidine.

Alteration of the tuff of Lemitaerquntaiﬁs in the
thesis area thus appears to be different_théﬁ that.*¥eported
by Osburn I1978)‘for the east-central Magdalené Mountains.

The potassium metasomatism described by Osburn (1978) for

that area. resulted in the alteration of biagioclase and
gsanidine was larggly unaffecfed. |

Quartz phenocrysts. are clear, euhédrél to
anhedral, and frequently rounded and deeply embayed. They
average 0.6 mm in diameter and represent between leand 4
percent of the samplé.

Biotite and magnetite are presgnt in'amounts less
than 1 pexcent. The biotite is deep ?ed—browu, pieochroic,
lath-shaped, and' averages 0.3 mm in length; magnetite and
hemitite are common alteration products. - Magnéfite, with
secondary -hematite, also occurs as discrete rounded grains
0.3 mm in diaméter. “Zircon is present in trgcéfamounts.“

?légioélase was not identifieq li;:ithin;éection.
In the “more intensely alf%red‘;samplesé‘ ﬁl%gioélase may
origiﬁally _have‘been:present-but éubsequentfy ‘alteged and
then plucke&'out d;ring thin-section p:eﬁaration.

Lithic fragments and”..puﬁice show grea;er
variability in abundance thé; phéﬁ;érysts. Lithic fragﬁ;nts
range in sizé from 0.5 mm to 2 ci, with an average of abouﬁ
1 cm. In the basal =zone of the lowaf member, iithic

fragments comprise approximately 10 percent of the rock, but
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in the sample taken f£rom just below tﬁa transition zone- they
comprise snly 5 percent. The pﬁmice\ is elongate, .varies'
from 0.3 to 2 cm in length, and‘constitutes between 5 and 15
percent of the samples. The pumice 1is ffequently
_devitrified‘t; an axiolitic texfure; spherulitic texture ig
also found, giving the pumice - a- ”botryoidal”~'appearance
(Osburn, 1978). | i |

The groundmass, 'in a sample from the lower zone,
is comprised of devitrified worm; and sickle~shaped glass

shards. Higher in the section the relict shard structure is

less evident and the groundmass has a mosaic appearance. -

Transition Zone._ The tranéition zone lies between tﬁe lowef
and upper members of the Lemitar tuff (Osburn, 19}8) and is
characterized by dense welding and a dark-red to purple-gray
color streaked with lensés of pinkish-gray,l @rjstél—rich
pumice. The thickness of the zone, where'exposed; varies
from 0.5 to 3 m (2 to 10 ft). L

In 'thin-sectioh, "subhedral sanidiﬁg,“ showing .

infrequent carlsbad twinning, comprises about 16 percent of .

the - roecky aiteration is common al&ng fractures.
Plagioclase comprises less than 2 percént'of thé'sampié and.
is highly altered. Quartz makes up'2 percent of fﬁe -roék
and is euhedral to anhedral, frequently ro;nded and embayéd,
and clear. - Opaqué minerals are present in trace amounts..
The groundmass retains 4 relict lflow structure of small,

flatctened, and devitrified glass ‘'shards. The phenocryst
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content of the sample described above 1s somewhat lower thaﬁr
that of a sample from the transition iope analyzed by Oshurn

(1978).

Upﬁer Member. \The upper memﬁer'is a densely waldeﬁ, meﬁiuﬁ—-
to dark~reddish gray, crystal;}ich tuff. Phenocf}st c;ntent
is between 30 and 4C percent, which is signifiééntiy higher
than the lower member. | -

In the thesis area the thickness of the upper
member of the tﬁff of Lemitar Mountains is 60 m (200 £ft) or
less. This 1is aépreciably thinner than the thicknesses
reported by Osbﬁrn (1978), Pétty (1979), and Bowring {iﬁ
progress) for the central and southern Magdalena Mountains..
Chamberlin {(personal communication, 1979} notes, howeveﬁ,
that in the Lemitar Mountains the thickness of the upper
member v;ries, as does the lower, with palebtopography; in
places the upper member pinches out and is not present.’

The upper member typically crops out as resistant;
steepwsided ledges and cliffs and produces steep #o moderéée'
slopeéf of rubbly talus. In hand speciﬁen :the_;uff is
crystal rich and reddish gray on fresh Asurfaégs;v browa to
reddish brown on weathered surfaces. |

In. thin-section the most ‘abundant’ mineral is’
sanidine whiﬁh comprises about 25 perceﬁf of the rock. The
sanidine 1s° subhedral , averages about 1 mm in length, and
is usually clear with 4incipient alteration;  carlsbad

twinning d1s rare. Plagicclase comprises about 7 peréent of
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the rock and is highly altered; phenocrysts were .frequently‘
removed during grinding leaving only partially‘ rimmed
cavifies in thin-section. Poorly developed albite twinning '
was observed in one crystal. . | 7' _ ”i

Quartz 1is euhedfalv to -éﬁhedral and frequeniy
rounded and embayed; it averages (.7 mm in diameter land'
comprises about 2 to 3 pegcent of. the rock. The bictite,
coppery ;n hand gpecimen,A is pale brown' to. brown and
pleochreic iﬁ thiu-section;‘ euhedral to subhedra; laths
average 0.7 mm in 1eﬁgth, but may be ‘as  long as 2 mm.
Magnetite dis ?resent as “fbunde& grains about 0;3 nn in

diameter.

Basaltic Andesite and Andesite Lavas

A sequence §f andesitic lavas Lies in the intérvél
between the tuff of Lemitar Mountains and the tuff of South
Canyon. These andesites 'varj upward Erom dafk—g¥hy,
olivine— aﬁd‘pyroxené—bearing“5aséltic an&ésite ‘flows fﬁatf
lovefiie the tuff of.Lemitar Mountaius,lto gray; hbrnbleﬁ&e—-'
and Biotite;bgéring andesites that underlie the tuﬁf,'of

South Canyon.

Basaltic Andesite. The basaltic andesites are similar in

appearance to andesites described by Tonking (1957) from the
Puertecito quadrangle, 30 km (20 mi) north of Magdalena;

Tonking named the sequence the La Jara Peak Member of the
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now obsolete Datil Formation. The La Jara Peak Member was
raised to formatiomal status by Chapin (1971b). At the
present time these audesitesiaré referred éo as the La Jara
Peak Basaltie Andesite (Chap;n,. Chaﬁberlin, éqd otherg,
1978). Similar andesites are found eaét of tﬁe Rio Grande
in the Joyita Hills (Spradlim, . 1974), in the Lemitar
Mountailas. (éhamberlin, in 'breparation), in thé eastern
Magdalena Méuntains (Osburn, 19?8; Petty, 197§), and in the
area north and west of Magdalena (Brown, 1972; Simon, 1973;
Osburn, personal communication, 1979).

Thé La Jara Peak Basaltic Andesiée flows méy have
erupted from the dike swarm that extends-about 50 km (30 mi)
from the Magdalena area northward onto the Colorado Plateau
{Chapin, Chamberlin, and others, 1978). A sample of the La
Jara féak-‘Basaltic.Andesite iﬁ the Bear Mountain was dated
by the K-~Ar meﬁhod at 23.8 + 1.2 m.y. (Chapin,‘1971b); K-Ar
dates on the dikes north of Magdalena and on other £lows
range  in age from 30 to 24 m.y. (Ch#gin, Rersonal;
communicagion;-1979). -

Tonking (1957) H;éstimated: ;phat the maximun J
thickness of theée basaltic éndesites- in the Puertecito
quadrangle was about 760 ﬁ (2500 f;).w.'In the nogéhérn
Lemitar Mountalns, Chamberlin (in preéaration) reports aboutr
335 n (1100 ft) of these ande51tes above the. tuff of Lemitar
Mountains. At the mouth of South Canyon, Osburn (1978)
measured 120 m (400 £t) of andesites in  the éame

stratigraphic interval; he noted, however, that
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cross—-sections indicated 129 to 180 m (400 to 600 £t) of -

andesites further west along South.éﬁd_Sixmile Canyons in
the central Magdalena Mountains. in the th;sié area the
basaltica andesites are exposed on the top and Weétfslope of
hill "9618". The maximum estimated thickmess 1s 90 to 150 m
(300 to 500 £t), but this th;ckness may be exaggerated by
step faults that are abundant in the aréé. ) |

Oﬁtérops " of the baséltic andesite - are
cﬁaracterized ﬁy small discontinuous ledges and a rubbly
‘talus that together form modérate slopes and rounded hills.
Eprsures frequently'show the presence of' autobrecéiation.
In hand specimen the basaltiec andesites qfe dérk reddgsh
gray to gray on weathered surfaces.and reddish gray to light
gray on £fresh surfaces. . Small reddish phenocrysts,
approximately 1 mm in'diameter, are usual;y present.in an
aphaﬁitic'groundmass. In some examples the pheﬁdcrysts are
more tabular shaped and reach 1 to 2 mm in length.‘ Vesicles
axe also present in some examples.

In thin-section the rock has .g_ pilbtaxitic
groundmaés of,piagioclase microlites that range iﬁ sizé from
0.07 to 0.9 mm in the’ long dimension; clinopyroxene and
magnetite £i11 'thé interstices. -The_lgrouﬁdmass' has
ﬁartially-altered'to clay minerals. "Anhedral grains of
magnetite averaging 0.2 mm in diameter are present im trace
amounts. . |

Subhedral to anhedral ferromagneéién thPOC:YStsa

averaging 0.7 mm in length and intensely altered to



51

magnetite and quartz, comprise between 5 and 1C percent of
the. rock. The mb&e euhedral. of these phenocry;ts show é
pseudohexagonal olivine habit with a cléar, sometimes
reddish-brown to ruby-red, - wavy,~. lamellar ';tructure
occupying the center, and magnetite defining the ‘;im. The
reddish color and 1amella; structure are'éharacteristic of
iddingsite and the phenocrysés are proﬁaély iddinésite'
pseudomorphs after olivine. Tonking (1957),- Chamberlin
(1974),_and'Wilkinsqn (1976) have élso found olivine, with
attendant iddingsite; in basaltic andesites from their
thesis areas. The more elongate, subhe&ral,. reddish
phenocrysts found in other  examples may represent’

orthopyroxene that has altered to magnetite and hematite.

Hormnblende Andesite. Andesites bearing distinctive
~ phenocrysts of biotite and hornbleﬁde ;veriie';he basaltic
Yandesites: a hornblende-biotite »andesitew lies imﬁediately
below the tuff of South Canyon and above a.bioﬁite;bearing
andesite that lacks #@rnblende.‘ The contacts between the
andesites éﬁd Eetwéen ~andesites and the tuff 'gré not
exposed. *

The cha;a¢£eristics of the hgfnblende;biotite and
the biotite an&es;tes in ou#grop are variable. ' Typiecally,
exposures of the andesites are confined to gmall 1édges that
are surrounded by talus; in areas that have béen'subject to
silicificatioﬁ, however, the_‘andesites form small but

prominent c¢cliffs. Color is also wvarilable. On fresh
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surfaces the andesites range from light gray to dusky red;.

a éample that had been subject to. sﬁrong propylitic’

"alteration developed a pale greenish_ hue. On weathered
surfaces the andesites varied_f?om medium gréy fo véry dark
brown in color. The biotite andesite is characiérized by
phenocrysts cf.dark—brown, tabularf biotite that'.rangé in
length from 0.5 to 3 mm. The hornblendewhiotite éndesite in
addition to biotite cbntaiﬂs black phenocrysfs of hornblende

that  range dn length from 1 to 5 mm. In both andesites,

phenocrysts of white. chalky plagioclase are also .evident.‘

In thin section, euhedral ta subhedral,
lath-shaped phenocrysts of plagioblase that range from 0.3
to 2.5 mm in lengfh comprise between 13 and 23 percent of
the the samples. The plagioclase commonly shows aibite
twinning and 1s stronglﬁ zoned; dts composition is about

i - ~ .
An50 (20 grains, Michel-Levy method). Though plagioclase

was fresh in one sample of the hornblendeabiotite'éndesite,
it was strongly altered to a sileve structuré; in a sample of’

the biotite andesite, most of the altered ﬁlagioclase had

been plucked from thé thin-section.

Pale-brown to red—Bréwn, tabulaf ?iotite.compriseg
between 4 and 8 percent of the samples; the baogite was
commonly altered to sericite or clay and magneti?e-. In . the
hornblende~biotite andesite, pale olive to brown, sgbhedral
to anhedral phenocrysés of hornblende between O-OSNahd 2 mnm
in length comprise between 1 and 3 percent of the rock; the

hornblende was frequently glomerOporpﬁyritid- Though the

“r e
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hornblende was fresh in one sample, it was frequently

altered to clay and magnetite.

A clinopyroxene, possibly - augite,' comprises’
between a trace and 6 pexcent of the rock.  The
clinopyroxene 1s clear to very pale green, anhedral,

frequently glomeropophyritic, and varies in size between 0.3

and 1.2 mm; the phenocrysts are frequently surrounded by a

corona of hematite. Small grains of magnetite, sometimes -

partially altered 'to hematite, are present in amounts of

less than 1 percent. The groundmass is pilotaxitic.

;o
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Tuff of South Canyon

A mﬁltiple—flow, simple cooli;g.unif of rhyolitic
ash-flow tuff, informally named the ruff of South Canyon by
Osburn ‘(1978}; lies above the basaltic andesiées that
overlie the tuff‘ of Lemitar Mo;ntaing. This tuff is
correlative with portions of the "upper tuffsf described by
-Simon (19?3) in the Landavaso Reservoir area. - The tuff of
South Canyon érop; out in the Lemitar Mountains (Chamberlin,
in p:ogress)'andl is correlative with the wupper "Potato,
Canyon fhyolite" from the Joyita Hills. descriﬁed by
Spradlin 61974); it is not correlative with Deal’s (1973)
Potato Canyon rhyolite from the type‘sgction in. the Sanm
Mateo Mountains (Osburn, personal communication, 1979).

The tuff of South Canyon ﬁas been dated at 26.2 - *
1.0 m.y. by the K/Ar method on biotite f?om a-éamplé taken
from the Joyita Hills (Chapin, unpublished data). The tuff
has also been daté& at 25.8 + 1.0 m.y. bf the K—Ar’method on
sanidine in a vitféphyre; also ffqm _fhef'JoyiEa Hills
(Bachman and Mehnert, 1978). |

‘ The thickﬁess of,tﬁag‘portion of the "upﬁefiitﬁff"
at Landavaso Reservoir correlétive-with:the quf'of.South
Canyon is about 180 m (600 ft) .(Simon, 1973). ‘AChamberlin’.
(in progress) reports an averagé thiékness of 60 m (Zdﬂ.ft)
in the Lemitar Mountains; Osburn 119785 found an ~ave;ag§
thickness of 60-120 m (200-400 fti in the east-central

Magdalena Mountains with a maximum of 190 m=m (620 £t) din
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South Canyon. In the thesis area, on the south side of Hop.
Can&on,’the tuff of South Canyon has ,a’ maximum‘ possiblé
th;ckness of AQQ m (300 £ft), however, this thickness ﬁay be
exaggerated by faults. | ‘

The tuff of'South Canyon crops out as isolated
ledges or cliffs surrounded By talus. Thé contact with the
underlyiég basaltic andesite is not exposed in the _thesié
érea. In outcrop the tuff weathers dark gray to pinkish
grays; on fresh surfaces the tuff ié characterized by' a
sfre;ked-.appearance which results. from whitish flatten;d
pumice in a pinkish-gray to reddish~gray matrix. The pumige
average 2.cm in 1ength and 2 mm in thickness, although
lengths of & to 5 cm are notxunéommon. The pumice are
typically crystal rich and constitute 25 te 35 pefceﬁt of
the rock. . ’

In hand specimen the samples are degéely welded -
and consist predominantly of quartsz an& sanidine with traces
of dark-brown biotite. The sanidine is glear;._frequentl§
chatoyant, and 'mayA reach 2 mm in long'dimensiﬁnf -Quartz
phenocrysfé are clear, somewhat smaller, and uéualiyAexhibitu
a characteristic "square"” habit. Pﬁenocfyst[‘ééntéﬁt ‘amoﬁg
the samples varies between 15 and 20 percent.

fn thin-section ‘the sanidine 1s euhedral to
anhedral, averages 1 to 1.5 mm in length,' and cénstitutes
about 15 percent of the sample; carlsbad twianing is common -

Quartz 1is euhedral to subhedral, . sometimes rounded and

embayed, and constitutes about 8 percent of the sample.
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Phenocryst relicts, p0331bly plagioclase, highly altered and.
partially plucked from the thin-sectlon, ‘are evident in |
trace amounfs. Biotite and magnetite are also ére;ent in
trace amounts. The éiotite is orange brown to dark brOWn,
lath-shaped, and averages 0.9~mm_in 1eng§h; the magnetite is
anhedral, averages 0.3 mm in diaﬁeéer, and shows translucent
red rims of hematite. The pumice‘ is commoniy épherulitic
with incipient devitrification to cristobalite and feidspar;
reliéﬁ devitrified shards are evident.in tﬁe groundmass.

The tuff of South Canyon in the thesisla;eé,does
not e#hibit | "significant variaﬁility. Welding
characteristics and phenoecryst and pumice ﬁon;ent suggegt
that it is correlative with the uppér- 96 m (300 £t} of
Osburn’s (1978) ﬁupper streaked ;nterval" at ﬁhe- type

section.

”

Andesite

A floﬁ of andesitié lava o{erlies"fhg“ ;ufﬁ 'of'
,ééﬁth‘Canyon on the south side of Hap'Caﬁyo#; .ﬁi§§§ﬁginu6ﬁs
outcrops also appear in the § 1)2 of secfioﬁ 24 and thé N
1/2 of section 25 {T35,R4W). This ande31te is éimilér to
Osburn s (1978) intermediate lava which overlies the tuff of
SouthA Canyop on Water Canyon Mesa, 8 km (5 mi) to the east.
Similar intermediate composition lavas haye been found Qouth

of the thesis area (Bowring, in pfogess)-
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The andesitic lava in the thesis area has not been
datéd; however, it lies above the tuff of South éanyon and
below the rhyoliteé of Magdalena Péak, within the time
in;erval 26 to 13 m&. Osburn’s (1978) inEermediaéeilava is
overlain by the Water Canyon Mesalsilicicﬂlava which has
been dated by the K/Ar method on biotite at 20.0 + 0.8 m.y.
’(Chapin, unpublished date). If the andesité in‘the thesis
area is correlative with Osburn’s (1978) intermediate 1éva,
then the andesite may have been erupted between 26 aﬁ; 20
mey .

Osburo (1978) repo#ts an average thickness of 30
to 60 m (100 to 200 ft) for'his in;érmediate lava. In the
thesis area the méxiﬁﬁm estimated thickness of the andesite
(is 90 m (300 £t), but this may be exaggeréted by faults.

The andesite c¢rops out as small discpntinuous
ledges surrounded'by a rubbly talus that forms gbderate to
gentle slopes. On fresh surfaces the rocklis light'gfay»to
pinkish gray and wea&hers.to é éray to ‘reddish gray. " In
-hand ,speqimen,- smoky dparfi phenocrysts are présent'as:
_r?unded grainsvcommonly co#éfed by a whitish rind that
resists fracture. Both quartz and feléspaf phenociysfs ére
sometimes surrounded by a reddish corona.

In thin—secfion, plagioclase 1is the: predbmiuant
phenocryst gﬁd constitutes .betwéén 5 and 7 percent oé the
rock. Euhedral to subhedral laths, commonly albite twinned,
>average. 0.é mm in length bﬁt.range from 0.2 to 4.0 mm. The

plagioclase generaily shows evidence of some alteration,
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howaver the degree. of alte;atioﬁ varies greatly both with;n .
and between samples} sSome phenocrysps are  completely
replaceé. Alteratiog is commonly confined to‘an outer ?one
which varies in thicknesq; howeyer,..alteratién ‘may follow
cracks in fractured pheqocrysts. The altered zone .is rimmed
with a thin ovérgrowth of what may be potassiﬁm feldspar.
Thé composition of the plagioclaée is about An48 determined
by .the Michel—Levy‘ﬁethod on 12 grains. |

Quartz grains are anhedral, rounded, and somefimes
embayed. They frequently show what may be authigenic
overgrowthé in optical continuity that create straiéhtéiiné
0T concavo-convex contacts .(fig. 8. In a fgw grainé, a
thin l1ine of dust appears to preserve an earlier outline of
the quartz grain. The grains , either singly or ‘ip
‘aggregate, are fréquentlf surrounded by verf thén reaction -
rims (fig. 9). In another sample, single quar£5€gfains are
conchoidall§ fractured along grain edggs and . reaction rims
are lacking. Similar rims have been reported by Osﬁurni
(1978) on quartz grains from’thé'intefmediate lava on Water
Canyoﬁ Mesa . ‘The'quartz grain; raﬁge'from 0.4 tq:i.S ﬁﬁ‘in
diameter and ;verage ébout 1.0 mm;  they afe, élear' but
ffeqﬁently contain fhiu needles aboﬁt'0.0S mm in length of
wh;t may'be rutilé. -

Glomeroporphyritic. clinopyroxene compfiéeé be£ween
3 and & peréent of the saﬁples.A The c¢linopyroxene is
subhedral, equant, and ranges in diameter from 0.1 to 1.0 mm
with an average of 0.7 mm. A few phenocrysts show evidence

of zoning.



Figure 8. Composite grain of quartz (Q) and a pseudomorph
of "iddingsite" (I) after olivine from the andesite
above the tuff of South Canyon. The "iddinsite" in this.’
example is poorly developed but is in association with

.better preserved examples of pseudomorphic phenocrysts
(fig. 10). Magnification is 25x.
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Figure 9. React:{on_rim on quartz xenocryst (Q) in the andesite above
the tuff of South Canyon. Two cavities filled with zeolite (Z)
are present in upper right corner. Magnification is 100X.
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Euhedral to anhedral pseudomorphs after ‘olivi;e,_A
with an average length of 0.2 mm, make up between 3 and 6
percent of the rock.  The olivine- has been completelyh
replaced by ruby-red “iddingéite“ (£ig. 10). . |

Primary .magpetite is-present ‘as anhedral, éoun&éd
grains ¢f 0.03 mm average diameter; it compriseé_ abouf‘ one
percent of the rock. Magnetite, both pfimary and that
derived from alteration products, is partiallj altered ‘to
hematite. |

Brown, lafh-shaped_ phenccrysts of _Bidfite
averaging 0.4 mm in length are present in fracé amounts; the
biotite 1is almost comﬁletely feplacéd by ‘magnetite and .
chlorite. The texture of the groundmass is pilotéxitid and
is comprised of plagioclase microlites with small
clinopyroxene and magnetite grains in the interstices.

| Two origins £for the presence of quargz'grgihs in

the andesite are suggested; | E

1.) The crystallization of the an&esite'fméy -have_
evolved  in two gtages.. In the first stage, af'depth;and
high pressure, quartz cfjstallized i# equilibrium “wipﬁ- the
magma. -Durﬁng a secoﬁd stage, at lower pressure; oiivlﬁé -
crystallized and quartz, now in disequilibrium with ;hé
magma, was resorbed. Befofe the quartz édmplétély
dissappeared, the magma was quickly broughﬁ to the sﬁrfape:
Chapin (personal coﬁmunication, 1979) Thas obserﬁed tﬁat
quartz is relatively common in early rift mafic lavas in the

Socorro-ﬂagdalena area. This observation suggests that the
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Figure 10. Euhedral "iddingsite" (I) pseudomorph after olivine,
and plagioclase phenocryst (P) in the andesite above the
tuff of South Canyon. Magnetite is concentrated along the
edges of the preserved crystal outline; "iddingsite'-like
aggregates of hematite, limonite, and an unidentified
birefringent mineral occupy the interior. .
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‘guartz is not xenocrystic but. is related iﬁ some manner to
eariy rift magma generation and emplacemént-'
| 2.) ?he éuartz'grains may be,xenocrysté.. Eviﬁence
for thié foreign origin is the foligwingi a) quarté grains
appear either conchoidally fractured. or rimmeé with reaction
products which may indicate that the gquartz did not
crystallize from the magma; b) with the exception noted
above, quartz phenocrysts are not a erystallization product
of a magma in equilibrium with!oliviné; c) piagioélase shows
gféat variability . in sizé aﬁd 'degrées ‘of - alteration
suggesting that 1t also may be'xenocrﬁétié; d)‘quértz and
plagioclase grainslare sometimes surrounded by an -irregular
corona of . hematite ' from the alteratiog of magﬁetite; this
alteration is selective and adjacent crystals may mnot show
the effect. Evidenc; against‘ the foreign o;igin of the
quartz grains is thé following: 2) the relatively large éize
of the grains’; b) Fhe graihs are unstrained; e¢) the lack_of
sutured boundanieé; and .d) thé lack ‘of- obvious " raock
f;agmeﬂts with‘sandétone or éianitic féxturesf
‘ In wtefmgA of phenoc%&st content‘and texture this
andesite is similar to Osbuyn'é (1978)( intetmediéte‘ilgva'
from. Water Canyon Mesa; 1f quarfz grains are £é;§ved, it is
also modally similar to the La Jara Peak Basaléic 'AndeSite
and\ the basaltic aﬁdesite that oyerligs the tuff Qf Lenitar
Mountains in the thesis area. Thus, fhis andesité éould be
a flow of La Jara Peak Basaltic Andesite that had either

undergone a two stage crystallization process or had become

locally contaminated with foreign material.
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Popotosa Formation

Tﬁe Popotosa Formation, the basalhlunit of the
Sante Te Group, créps out diécontiuuouslf‘ within
north-central Socorfo Counfy.‘ The_ formation-éénsists of.
bolson depdsits of fanglomerate and ~playa éediments Kthat
vere deposited-aé glluvial-fans grading down‘?iédmoﬁt slopes
te basin floor playa lakes (Chépin, Chamberlin, and others,
'1978); li;hoiogiCally, the formation consists of-
conglomerates, nudflow deposits, sandstones, and ﬁﬁdsténes.'
‘The sediments were derived from highland .source areas
surrounding the basin, such as the Colorado Plateau to fhé
northwest, the ‘Sierra Ladrones to the north, and the
Gallinas, San Méteo,iand Magdalena Mountains to thg:wesﬁ and
south (Bruning, 1973). That part ofAFhe Popofosa basin east
of the Rio Grande has Dbeen uplif;ed andi.;he-Popotosé
Formation removéd by erosion (Chapin and Seager, 1575).

The Popotosa Formation wés originally égéﬁribe&'byf:
Denny (1940) who qamed'if after Arroyo Popotogé, ;Atfibuta#f
of the Rio Salado located about 35 km (z0 ﬁi) :nﬁ:tpegst of ; 
Magdalena. Brun’ing (1973) _divided the - -fc:;rm\ation . i%lﬁo ;
faﬁglomerate and plgyé‘fécies and designated  at neﬁ'.type
locality along-Caﬁada de 1a Tortola, about Slkm (3_ﬁi) éouth
of Arfoyo Popotoéa. As a resulf of an uncqﬁforg;tf within
the formation that occurs at some localities?-’thé Poﬁotosa
was later divided dinto lower and upper members (Chapin,

Chamberlin, and others, 1978). The lower membef is
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characterized by red—ﬁrowm, very wéll-in@urated,
heterolithic mudflow deposits and conglomérétes Qith minox
intercalations of light—gray.sandstones; the upper member is
characterizéd ' by playa mudsténés and huff-coiored-
conglomeratic sandstones (Chapin,. Chamberlin, and others,
1978). In the thesis area, écattered outcrops of both the
uppef and lower members occur in middle and lower Hop Cényoﬁ
and in Agua Fria Canyon.

In the Lemitar Mountains-Socorro, Péak‘ area,
Chambérlin (in preparétion) describes a composite section of
the Popotosa Formation with a maximum thickness éf 420 m
(1380 £t) for the lower member and 930 m (3050 £t) for the
upper memb;r. In the Water Canyon area of thé ﬁorth~centr;i
Magdalena Mountains, Osburn (1978) eétimafed that the ‘1oﬁer
member may reach a maximun thickness ‘of 120 to 1?0 n (400 to
500 £t); té the east, in the.Pqund Ranch ared, the upperh
member conslsts of gudstones and may reach a ;hiﬁkness of'QO
m-(300 £t). Thé Popotosa ?ormation thins imﬁediatel&l éouth.
of Wéter Canyon,- but thickéns égain in thé gouthwcenﬁfal
Magdalena Mougtains (Osburﬁ,Apgrsonal commﬁnic#tion,' 1979;
Petty, 1979). .

In the west-central MagdalenajMountains,fﬁhe lower
member reaches a minimum thickness of éboup'loo Q.(SBO fﬁ);
the upper comtact is not éxposed, however, and 1t may ‘be
m;Ch 8reatef- Further west, the lower member may reach 300
m (1000 ft) or more but the area is complicated by faults

and . the actual thickness 1is not known (Bowring, in
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progress). In the thesis area thelmaximum exposed thiékness
of the 1ower-mgﬁber is about 120 m (400 £t) but the unit may'
be much thicker{ fhe upper membe£ is"found oniy as‘ thin
outcrops with-iowéf-contacts obscured by talus'br.qlluvium;
'Bruﬁing (1973) estimated an exposed thigkness of 30 m (100
fr) for the uppér member .on the southeast slope of
Magadalena Peak, iﬁmeéiately west of the thesis area.

The basin .in which the Popotoéal " sediments
a;éuﬁula;ed waé formed after the eruption of the tuff of
South Canyon at 26 ﬁ.y- and was disrupted by iIntrarift
horsts sometime between 7 and 4 m;y. (Chapin, Chamberlin,
and others, 1978). The period of depositon, howevef,
probably varied within the basin as a result of
paleotopography and differential subsidence. |

At the northwest end of the Bear Mountains, the

lower member of the ©Popotosa is interbedded with La Jara -

Peak Basaltic Andesite (Brﬁning, 1973) which has been dated . -

_at 24 to 30 m.y. (Chapin, personal commuﬁication; 1979).

Deposition of the Popotosa  Formation din the Magdalena ..~

ﬁountains ﬁa& fﬁaﬁe' begun ';atér; on Wager Can&on Mesa the
loéer ‘membér rests unconfofgably on Water Canyon Mesa
silicie lavas dated at'h20.0 Ji- 6.8‘ meY o (Osburn,—l978;
Chapin, unpublishe& date). Bowring (personal~communic%tion,
i9795 has found a rhyolité ﬁléw interbedded in the Popotosa
Formation in.an area about 2 km (1.5 mi) south of the thesis
area. A sample of this flow has ﬁeen dated at 18.0 + 0.8

m.y. (Chapin, unpublished date).
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The younger ;ge,.limit of the Popotosa shows
similar variability. ‘In the Socorro area, volcaniéﬁ resumed
aboutx 12 m.y. ago (Chapin, Chamberlin, and others, 1978)
and, on Socorr§ Peak, a trachyaﬁdesite flow tﬁat.foverlies
the Papotosa Formation has . been dated at 10.7;i 1.5 m.y.
{(Burke amnd others, 1965). In the thesis area, however,
‘thyolite flows that ha?e been dated at 14.3 ﬁ-y. (Webe; and
Bassett, 1963) and 13.1 + "0.5 m.y. (Chapin, wunpublished
date) overlie tﬁe Popotosa. Thus, 1in the Magdalena -
Mountains, deposition of the ?opotosa Formation may have

been confined to the period between 20 and 14 m.y.

Lower Member. The lower member of the‘Pépotosa ﬁormation is
conprised of well-indurated mnmudflow deposits wi£h minox
interbeds of sandstones. It crops out in' two adjacent
areas, on‘,the north and south sides of centrallﬁop Canybn;
where it forms small, steep-sided cliffs énd ﬁro§§,-moderate
slopes of talus. The talus frequently obscures . the .bésél
contact but, where it is exppsed, the lower mémbér Sv;rlies
'the_andesite that contaiﬁé xendcrystié quartz. . On yagdale;é
Péak, Bfuning (1973) reports ghat the Popotogé Formation
overlies the andesite ofoandévaso Reservoir.

In outcrop the <rock is dark browﬁ to:vefy dark
reddiéh brown ‘fresh.surfaces' ére .pink to dark -reddish
brown. The- clasts are predominantly tuff of-South’Cényon
and andesites, including what appears to be the andesite

with xencerystic gquartz.
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In the laharic breccias, the clasts range in size
froﬁ 1 m (3 £ft), or greater, to less than 1 cm, but commonly
are 3 to 10 cm 3 the eclasts are angular to subangular and
sometimes -rounded- The matrix is tyéically reddisﬁ brown
and is coméosed of sandy mud containing feldspar, quartz,
'and sﬁali lithic fragments. Bedding véries in thickness
from about 10 cm to a few metgfs; in the smaller outcrops,
however, bedding may not be evident.

Iﬁ the minor sandstones the clasts range in size
from less than 1 mm to 1 cm; they are very ﬁqorly _softed,.
and range ffoﬁ ang#lar to founded. Bedding ranges f?omﬁless
~thaan 1 em to 4 em in thickness; c¢ross~bedding is not

evident.

Upper Member. The upper member of the Popotosa Formation is

comprised of conglomerates and conglomeratilc sanéstones.tﬁat
crop out discontinuously in the northwestern quarter of the
thesis area. The upper contact of the Popotosa Fofﬁ;tioﬁ is.
usually obscured by talus but;‘ where‘it is exposed, the
upper member lies beléw the_ rhyolitgs of Magdalgna Peaﬁ.
The contact between the upper and lower members is noﬁhé?é
exposed in thé thesis area. - |

A pink to pinkish—b?owu rhyolite appears fo be
interbedded in the&upper member of the Popotosathréatidﬁlin
the SE 1/4:of section lﬁ (T3S, R4W). Portions of the flow
are autobrecciated. "The rhyolité is moderately crystal rich

with phenocrysts of gquartz, plagloclase, potassium feldspar,
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biotité, aﬁd hornblende. A £flow with Jsomewhat similar
chatécteristics . was reported by  Bowring. (personal
communication, 1979) to be interbedded in the upp;r portion
oﬁ.the Popotosa Formation, at the head of_Bear Cany&n, so;fh
:of the thesis area. Thip—sgctionlanalysis.indiCates that
the plagioclase has been partially replaced by calcite;

The upper member is <characteristically buff to
‘brown and is less well-indurated than the lover member.  The
clasts are predoﬁinantly andesites and ésh-flow tuffs,
includiﬁg tuff of South Can&on- The éubrounded clasts vary
greatly in size from outcrop to ocutcrop; they may reach 30
cm in diameter but are generally very coarse-sand to pebble
size. | |

The conglomeratic sandstones are poorly to very
-poorly sorted. Stratification 1is moderatelyq we}lmdeveIOpeé
with beds rangﬁng_ in thickness from less thaﬁ‘z cm to as
much as 20 em, with an ajerage of. aboﬁ; 5 1t§'l10h cm.
.Cross—ﬁedding'was-not,observe@, Regular éeqﬁeuces of grade&
beds are nét ﬁresent; claéf siée,-however, i#_sigﬁificantly
greatér in the ﬁéégi portions.of those outcgopé with iarge
vertiéal Uexposure; In_séme(exéoéureg, the contact betwéen.
the upper member.of the Popotosa Formation ;nd the 6ver1yiﬂg‘)
poorly—;ndurated, whitish ash;fiow tuff,— which aééompanies_
the flow-banded rhyolites, is not sharply definea.~ This‘
suggests tha; a short interval of contemporaneous volcanism,
erosion, and deposition existed prior to the eruption of the

Magdalena Peak rhyolite lavas.
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Light-brown to buff outcrops of the Popotosa
Formation in the nﬁrthwestern part of th; thesis area, in‘
sections 10 and 11 (f38, R4W), are diffefent in‘-composition ’
than those in central Hop banyon- The rock is'atféirly
well-indurated, pooxrly sorted conglomeratél th;t contains
subrounded pébbles and cobﬁles. that afe prédominantly
derived from A-L Peak Tuff and andésite. Clasts of tuff of'
South Canyon; wh;ch appear din the Popotosa Formation in
central Hop Canyon, are abseﬁt. Many of the.clasts_ coﬁtain
disseminated 1limonite pseudomorphs after pyrite and have
been altered to yellow or yglloﬁ-brdwn colors , by‘
hydrothermal alteration. Tﬁese conglomerates are similar in
appearance to the Tertiary~Quaternéry gravelsldescribed by
Chamberlin (1974) in the Council Rock area. . Traﬁspdrt
directions inferred <£from pebble imb;icétion indiéafes a
source érea to the west and northwest. CAapiﬁ (personél
communication, 1979) suggests that these é;avels were shed
eastward %ntbKthe Muiligan Gulch gfaben ﬁfom ﬁighl%nd: areas .
in the Tres Montosas~Gélliﬁas _Mountaius' area-‘rkoadcuts
along ‘U;S.‘ Highway 60, abdug ‘8.'kﬁ f(5:5‘ mi) ﬁwesﬁiAof>
Magdaléna, ' ha%e 'gxposed. conglomeratés T ofl similar
composition-' Large areas ofv»bléagﬁéd and hydfothéfmally
‘ altered Hells ﬁesa and A—L~Péak tuffs‘in_tﬁe Tres Montosas
area provide a logical source region for the altered clésfs.

Imﬁrication~of ciasts is common in both the upper
and lower members. In the exposures of. the Popotosa

Formation in central Hop Canyon, in section 24 (T3S, R4W),
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pebble imbrication indicates flow directiom is predominantly
towards the north and northeast. In the. northﬁesterp
portion of the thesis area, %n sections 11 and 14 (T3S,
R4W), the  flow directions . éfe toward the east (fig. 11).
. Transport directions of the Popotosa Formation in central
Hop Canyon are cdnsistent with an ancestral ﬁagdalena
highiand area shedding sediments northward inta'the Popotosa
basin (Bruning, 1973); Transport direction and- composition
of clasts of the Popotosa Forﬁation in the northwestern part
of_-thé thesis area indicate derivation from a highland area
to the west'

Clasts of the tuff of South Canyon are present in
both the wupperx and'ldwer menbers; they are the predominant
clast in the lowér member in the central Hop Canyon area. In
the upper member, iﬁ the northwestern part ;of _thé theéi;
ares, clasts of tuff -0of South Canyon are “not present
indicating that‘at the time the uppe; member was being
deposited, the tuff of South Canfon had largely been eréded

from the highland area to the west.

Rhyolite of Magdalena Peak

The rhyolité'of Magdalena Peak consists of pink to
red-brown, flow-banded, rhyolite lava that was erupted £from
a vent on‘.Magdalena Peék. " Buff to gray-brown, rhyolite
ash~flow htuffs underlie the rhyolite lava and are

occasionally interbedded between overlapping lobes of the
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Figure 1l. Map showing transport directiong of the Popotosa
Formation determined from clast imbrication.
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flows. The rhyolites crop out‘along the west flank of the
KMag&aiena Mountains in a broad péttern ;hat e#teﬁds 20 km
(12 mi) from Mag&alena Peak on the portﬁ' to the area of
Alameda Spring- on the south. The rhyolites werejpossibly
erupﬁed in a north-trendiqg topographic depression that mayr
have controlled itsilatefal extent. Where the basai-contact
is exposed, the rhyolifeS' overly the upper member of the
Popotosa Formation.
| 4Thé rhyolite was first described by Loughliﬁ and
Koschmann. (1942) who didentified it as "pink rhyolite™ and:'
~noted its occurrence on Elephant Mountaim and Magdaléna
Peak. The "pink rhyoiite" that they mapped in the kélly
mining district; however, was later shown by Blakestad
(1978)A not to be the rhyolite of Magdalena Peak. The first
detailed study ﬁas made by Weber (1957) on a suite of rocks
from the Stendel perlite deposit 1ocate§-in section 14 (T3S,
R4W)Y, dn the north—centrai portiqn of the thesis area-.
Weberx (1957) identified a‘sequence of rocks‘ that iconsisted
o£ three intervals of rhyolite lavas and assﬁéiated basal
vitrophyre separated by thin units of'tuff and breccia.
Deal {(1973), in the area sout£ of Mill Canyon
(Squaw Peak quadfangle), ideﬁéified a porphyritic "quartz
latite" lava that lay above his Beartrap Canyou Formations
he c;rrelated tﬁis lava with the rhyolite.of Maédalena Peak:
Osburn and Donze (personal communicatibn, 1979) report that
'these lavas extend as far south as section 36 (T&S,' RSW),.

1.6 km (1 mi), west of Alameda Spring. Bowring (imn
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progress) has mapped about 5.5 qukm (l.4 qumi) of rhyolite
tuffs and lavas that are contiguous wiFh the rhyolite of
Magdalena Peak on the southern bpundary'of the'tﬁesis area.
In the eastern. Magdaiena Mountains, Osburan (1978) found
similar rhyolites interbedded in the Popotosa Formation
which he named the Pound Ranc@ lavas; these rhyolites- afé
not contiguous with the rhyolite of Magdalena Peak.
Rhyolites interbedded in the Popotosa Formation are also
found‘in the Socorro Peak area (Chamberlin, inlpreparation).

lOn Magdalena Peak, the seéuence of rhyolite tuffs
and lavas overlies the Popotosa Formation and reaches a
maximem thickness of about 180 m (600 £t). At the Stendel
perlite deposit the thickness of the sequence is about 130 m
(430 ft); this thickness appears to be representative of the
rhyolite sequence’ throughout the thesis area. Sputh of Mill
Canyon the rhyolite appears to thint . Bowring (pers@nal
communication, 1979) =reports a maximum thickness of about
120 m (400 £t) in the Bea£‘Canyon area. Measurements taken
from .a cross-section of Deal (1973) indicate a thickness of
between éO'and 120 m (300 and. 409 fé)" north ﬁf Alameéa
Spring. In the eastern Magdalena Hountains, Osburn (1978)
reports a minimum thickness of 120 m (400 £t) fof tﬁe ‘lowern
Pound Ranch 1lavas Aaﬁd 183 m (600 £t) for the upper Pound
Ranch lavas. |

Apgareut flow direction, determined froﬁ tension
fractures.and flow lineation in the flow-banded rhyolite, is

generally towards the south but local variations are present
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(fig. 12). The source of the Magéalena Peak rhyolite lava
iﬁ the noéthern part of the thesis area is préb;bly the vent
at Magda;ené Pgak. The Magdalena Peak %gnt can be éeen at
the prominent'outcrop on the east face of that peak. It is
characterizgd'by <a central .éore of steéply dipping to
vertical intrusive rhyolite khat grades into flows of more
moderate inward dip.r Other vents have .not yetk been found.
Bowring (personal communicétioﬁ, 1979) f&un& no gvidence of .
vents in the rhyolite flows south of Mill Qaﬁyon. In the
eastern Magdalena Mountains, Osburn - (19783 personal
communication,-1979) identified one vent and repor;éd that
there i1is some evidence for a second-veﬁt in an area of
rhyolite covering about 10 sgq km (4 sq mi). In the Socorro
Peak-Strawberry Peak area, Chamberlin (innpréparation) has
identified numerous vents for tﬁe rhyolite flows.

Dates for the Magdalena Peak and similér rhyolites’
have been obtained‘using the K-Axr method;x Pe¥lite from the
Stendel periite. deposit has been dated 5y Weber énd Basset
(1963) at.14.02i -0.7 mey e} a. sample of -rhyolite from
Magdalena uPeaﬁ haé been dated‘ét 13.1 + O-SIm.y-, (Chapin,
Jahns, and‘othérs,-1978). A rhyolité' interbédde& :in thet
Popotosa Formatiﬁn, at the héad of Bear Can&on, south of the
fhesis area, h;s bean dated at 18.0 + 0.8 m.y. (Chaéin,"
unpublished date}. In the easternAMégﬁalena Mé;ntains, thé
lower and upper Pound Ranch lavas have been dated at il-S‘i
0.5 m.y. and 10.5 + 0.4 m.y. . regpectively (Chapin,

unpublished dates). Further east in the Socorro Peak area,
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rhyolite flows of similar..lithology to the ©Pound Ranch
lavés, have been dated at 12 to ]' m.y}- old (Chapin, -

Chamberlin, and others, 1978).

Tuffs. Buff. to gray-brown ésthlow tﬁffs are- qommoulyﬂ
present directly below the rhyolite flows. In some areas,
however, théy may bhe interfedded between ovérlapping 1lobes
of rhyolite iava, or the tuffs may be absent altogethef,
Qutcrops of the tuffs are generaliyK restricteé to small
areas such as gullies and stream beds where erosion has cut
through the overlying talus. Tuffs exposedlalong the west
side of Hop Canyon are between 8 and 18 m (25 and 60 £t)
thick. In somei outcrops the tuff is associated with
breccias comprised of tuffs and - vitrophyre. At the Sten@el
perlite deposit, where exposures of the rhyolites are
particularly ‘good, two dintervals of tuff inie;bedded in
‘perlite, rhyolite, and vitfophyre’can be identified.

In-  hand specimen the tuffs commonly "contain dark -

reddish~brown 1lithic  fragments that range‘in size from 0.5 :-

to-15 mm iﬁ'diameter and comprise betweén 1 and 10 pércent
of the rock. Ovoid, whiﬁé to buff pﬁmice.ig'aiéb comﬁon-‘
Phenécrysté are séarcé or 1ackiﬁg in sémples' With abundant
lithiec Afragmeﬁts; in the less ;ommon,'litﬁic~poor sampies{
quartz, feldspar, and biotite are ;ométimes present.
Miérosco?ically, all samplés are porphyritic
although wvariable in composition. in most samples, quartsz

1s lacking or present only in trace amounts; one sample,
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however; contains about 3 _petcent anhedral, rounded and
embayed quartz phenocrysts that average 0.7 mm in diameter.
Plagioclase is also‘commonly absent or found-only.in amounts
less than 1 percent. Whemn present the plagioclase ié
tabular, averages between 0.5 and 1.0 mm in length, énd haé
a composition of about An33 (14 gfains, Michel-Levy method).
Potassium feldspar 1is the most abun&;nt phenocryst and
gomprises between‘a trace and 8:peréent of the ,;ock. " The
saﬁidine ,is subhedral to anhedral, frequentiy corroded and
embayed,-aﬁd ranges from 0.3 to 1.5 mm in diameter; carlsbad
twinning 4is infrequent. - Greenish-brown to daékhbrown
biotite. is present in trace amounts; -the biotite is
* ath-shaped and averages 0.5 mm iﬁ "length. One sample
contains about 2 percent biotite, a trace of greenisﬁmbrown

hornblende, and a trace of rounded grains of magnetite.

Rhvelite Flows. Ehe rhfclite lavas are commonly pink, buff,
or gray on fresh surfaces %nd Weather-to a brown‘to reddish
brown. The rhyolite is frequently flow-banded but may be
massi;e in appearancé- *Tﬁé.baééi ﬁo;tiop of rhyﬁlite flows
fréquently ' grade downwéré  iﬁtﬁlia ﬁlack to- dark-gray
vitrophyré; iﬁAsome outcrops the Qitrophy;e may im turn
grade downward to a medium-gréy periité (fig. 13). Where
the tgansition between rhyoiite - and vitroPhy;e is
gradationél;- thin 1§méllae' of reddish~-brown devitrifie&
glass are commonly interlayered in the vitrophyre giving i&’

a flow-banded appearance. Frothy, almost pumiceous, flows



Figure 13. Flow~banded rhyolite of Magdalena Peak that
grades downward into a black vitrophyre. Photograph
taken in SE 1/4 of section 10 (T3S, R4W).
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are occasionally present in association with perlite or:
vitfophyre.
A good example of' the relationship ~between .’
rhyolite, vitrophyre, and perlite can be found:at aﬁ outcrop
located in the saddle ﬁorthwest of hill "7494", 4in section
10 (T3S,R4W). The base of the perlite is autobrecciated;
clasts of perlite averaging 5 to 15 ecm (2. ;or‘é. in.) din
diameter, but reaching a maximum of about 0.5 m'(l-S fﬁ),
iie in a finely comminuted perlitic\ matrix (fig. 14).
Autobrecciated perlite is also found in the vicinity of the
Stendel perlite depogit. |
" The rhyolites are ffequently vesicularf- In the
more homogeneous rhyolites, the vesicles are tipically less .
than 2 mm in diameter and dirregular inm shape, suggesting
that movement continued after exsolution of vplatiles- In
the foliated rhyolites, the vesicles have ﬁigr:ted toward
regions of lower pressure along shear plaqgg; vesicles are
frequently round or ovoid, sometimes forming "trains" of
éavities within the flow piaﬁes.. In ;he;moreivesicular
rhyolites, larger gas cavities ﬁay .aIsé be found. These
cavities, .commonly cyligdrical.in shépe,'a;e typically 0.5
to 2 em in diameter and 3 fo 5 cm (1.5 to 2 in.) in length;
howevef, they . may reach a diameter of 40 cm (16 in.) and a
1engtﬁ of 3 m (10 £ft)Y. A good-exposuté of these cylindrical
gas cavities is foundlon the'west" side of Hop Canyon iIn

section 14 (T3S, R4W) (fig. 15).
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Figure 14, The autobrecciated basal portion of a perlitic
flow in the rhyolite of Magdalena Peak. Photograph
taken in the SE 1/4 of section 10 (T38, R4W).



[+ FA

Cylin&fical gas cavities in the rhyblite of Mégdaw

Figure 15.

Photograph taken in the NE 1/4 of section 14

lena Peak.

(T3S, Ra4W).
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Primary folding of the flow foliation ;s common in
the . more fluidal horizons of the rhyolites. - The folds are -
typicall& recumbent and 1isoclinal; the wupper 1limbs are
sometimes sheared and trumcated by ﬁovement of the.éﬁerlying
flow. Axes  of the primary folds 1lie “approximately
parpendicuiar to lineation and inferred transport direction.
The scale of primary foiding ranges from a few ‘cgntimeters
to. less than 0.5 m (1.5 f£ft). \Fold; ‘with simillar
characterisfics in a rhyolite- lava 1n Nevada have been
described by Christiansen and Lipman (1966).

Secondary folding d1s present i# some outcrops.
This folding appears to have formed in lava that was in a
more viscous state than that in which the primary folds
developed. The secondary folding is chéra;terized by 1large
secale folds that afe frequently ;élle@ _and broken; gas’
cavities, when present, are oriented parallellto\ fold axes
and the cavities are typically misshapen and deformed. The
fold axes conmonly parallel the ‘prima;y  1ineation and,
hence, the original transport'direction; |

Secondary folding .may have,lfesuite&‘ from two
independent mechanisnms:

1.) Rhyolite lavas; in aréas where they were not
laterally confined by the walls of paleovalleys, formed
steep-sided lobes that sluméed along their edges producing
seéogdary folds. The axes of these folds tended t; lie

parallel to the initial transport directiom.
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2.) The rhyolite ;aVas p?obably flowed along small
~paleovalleys cut into the piledmont gravels of thé. Popotosa-
Formation. Secondary  feolding may ’have resulted from
slumping of lava from these valley walls towards thé valley
~axis after the initial primary flow had ceased. Chapin
(personal communication, 1979) noted the gimilarity of the‘
structures 1in the rhyolites of Magdalena Peak to flow
structures 1in the ash-flow tﬁffs of the 'Gribbles Run
paleovalley, in central Colorado. The seéondary flow
structures In the Gribbles Rum ash-flow tuffs ‘have been:
interﬁreted 4asl the result of secondar§; post-deﬁbéiéional
movement of tﬁe viscous tuff down the sides of the vélley
wall. This secondary movement was perpendicular to the
direction of the primary flow which followed the axis of the
valley (Chapin and Lowell, 1979). o
Transport direction is infegred : f;om‘ the
orieptation of flow lineation and tension f;actures- Flow
lineation is characterized by <c¢losely spaced grooves and
ridges having a corrugated - appearance that afe sometimes
found‘on‘the relatively planar exposed foliétion plénes of’
the rhyolites. The subparallel corrugations are tyﬁicélly 1
‘em or less in relief and run discoﬁtinqouély across exposed
flow planes. They are soﬁewhat similar in aépgérance té
grooves described by Schminke and Swanson {(1967) %or flow
sfructu;es in ash-flow tuffs, and by Christiansen and Lipman
(1966) for flow structures in rhyolité lava. The grooves

described by these authors, however, were typically less
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than 10 nm loﬁg and less thén 1 mp in relief; their origin
was ' attributed to scoring by phenocryéts or 1lithie
fragments. Flow 3lineation ~is developed p#rallel to
transport dire;tion. i

Sométimes sgall tensi&n fractures are found withim
and perpendicular. fo the g?oovés- More commonly, the
tension fractures appear as a serles of irfeg&lar; sometimes
ragged, subparallé} tears across exposed plamar surfaces.
Thé width of éhe fractures is usually 1ess_tﬁan-2'mm- When
viewed in cross-section, the ' tension fracturéé’ 1ig along
shear planes that developed between more viscous léyers of
the flow. Thé tension fractures dip toward the direction of
movement (Chapin and Lowell, 1979). 'Transport directions of
the rhyolites of Magdalena Peak, inferred from flow
lineation and tension fractures, are shown in figure 12,

The 1large cylindrical gas cavit;eé found on the
west side of Hop Canvon, in the SW 1/4 of section 11 ‘(TBS,
R&W), probably 1lie parallelA to the' initial transport
~direction. 6hapinland Lowell (1979) note  that within the
foliation of ~ the ‘ash-flow tuff in the Gribbles ‘Run
paleovélley, stretched gas »bgvities ~produced a lineation
that paralleled the transpo?t axis. They concluded fhat,
candurrent_wifh thé collapse:of the ash;flow‘ tuff, gases
were coﬁcéqtrated along shear planes and gag ppckets formed .
where the vélume of gas exceeded that which could be
accnmodatéd on the shear planes. ’Thg gas_pdckéts &ere

pulled into elongate forms by subsequent laminar f£low of the
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welded tuff. A gas cavity formed in this manner would lie

parallel to the transport axis.

An adaitional mechanism may have operated during‘
formation of seconda?y foiding_during slumping. As éhege
folds developed in responsé to ‘shearing of the soméﬁhat"
‘co0ler, more viscous magma, regions of low preséure. formed
along the fold axes. Volatiles, which had already migrated
to shear planes, were concentrated in these regions of 1low
pressure along fold fronts and formed élongatq cavities
which were perpendicular to the secondarj flow direction aq&
generally parallel to the.initial transport direction of the
lava. :The size of the cavities appears to be dependent upon
the amount of volatiles present in the flow, the viscosity
of the flow, and the magnitude and'wavelengtﬁ of ghe folds.

The rhyolite lavas typically form steep, sometimes
vertical cliff faces that may reach 120 =m (400 £¢) inA
relief. =~ Ramp structures are found in the more viscous

rhyolites, especially in the southern portion of the _thesis'

area. A good exposure of these structures is found at the _T

entrance to ﬁili'Canyon in éhe NW._ 1/4 of isection' 35 fﬁﬁs,
RAW). The rhyoliferweathers to blocky talus that commonly
obscures the b;se of the sequence of tuff ;ﬁd ‘rhyolite
lavas. - '

In.haﬁd specimen the rhyﬁlites and vitrophyréé are
variable in ;ppearance- On fresh surfaces the rhyolites are
1igh§ brown to pinkish gray and, infreqﬁently; light pink to

white; ‘they range from massive to vesicular and may be
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flow-banded or homogeneous in appearance. The rhyoli:es,
which are commonly’ porphyritic, contain phenocrysts " of
quartz, feldspar, and biotite. The vitrophyres -are black,
reddish black, and dark gré&; the periites are-lighf gray‘to
medium gray. The ‘vitrophyfg and periite= are also both
commonly porphyritié and céntain quartz; Afeldsﬁar, and
biotite. The feldspars and quartz give the dark vitrophyrgs
a speckled 'appeapnce; the Jlighter perlites are similarly
‘speckled with dark-brown biotite. ‘ |

In thin-section the vitrophyres have sﬁhe?ulitic
and perlitic téxture. Quartz phenocrysts are rouﬁded_and
embayed, averaée 1 mm in diaméter, and comprise about 1
percent of the rock. ‘Subhedral‘ to anhedral,-lzonéd
plagioclase phenocrysts frequently have a heavily corroded
sieve- structure; the phenocrysts average 1 mnm i? length and
comprise about 4 percent of the rock. The coﬁﬁosition of
the plagioclase is about An34 (10 gfains, Michel-Levy
ﬁethod).h Anhedral phenocrysts | of sanidine," heavilj
corroded, ’avefaging 0.8 mm in leﬁgth, afe preéeﬁﬁ in t?ace
amounts.' Subhedfai, 1ath—shaped, brqwn biotite;\ averaginéf
0.5 wm  in .length, comprises aboué.l pérégnt of ;he rock.A
Euhedrél to subhedral, brown to reddigh;brawn hornblendé is
alsoc present in trace amounts as sméll éhenpcrysts 0.3 ﬁm in
1ehgth.

The .rhyolites in thin—sectioﬁ commonly have a
devitrified groundmass, though spherulitic “tex£uré is

sometimes presente. Rounded and frequently deeply embayed
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quartz phenocrysts average -l.0 mm in diameter‘ and comprise‘
between a trace and 6 percent of the rock; quartz grains
typically.show internal fracture. Plagiociase is the most
abundant phenocryst, comprisiné about 8§ percent of.the rock.
The subhedral to anhedral plagioclaselis usually strongly
zoned and resorbed; sieve structﬁre. is common-; Smaller;
fresh~appearing 'phenocrysts- are sometimés found. .The
_plagioclase is present both as discrete grains averaging 1.2
mm 3in length and as glomeroporphyriiic clump%. The
composition of the plagioclase is aﬁout An38 (20 grains,
Michel-Levy method)}.

_Anhedral sSanidine phenocrysts average 1.2 mm in
diameter and comprise between O and 3 percent of the
samples. Lath~shaped, brown to greenish—bréwn biotite
averages 0.6 mm in length and is found in amounts of less
than 1 percent. " Euhedral to subhedral,Ar‘brown to
reddish-brown hornblende phenoerysts are present in'traég
amounts; the hornbléndelis u;ually fresh in.rappearance Sut,
it. is sometimes méderately lto _intensely éltered.h‘Trace

amounts of small rounded magnetite grains are also present.

Regional Relationships. - The felationship betwgeﬁ the

Magdalena Peak, Pound Ranch, and Socorro Peak-Strawberry
"Peak lavas i1s unknown. Certain characteristics, however,
are common to all three lavas: 1) the lavas afe rhyolitia to
rhyodacitic in composition; 2) they are poorly to moderately

crystal rich; 3) each of the . lavas 1s associated with a
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cauldroﬁ;v 4) the lavas pogtdate the cauldrdns in.which éhey
l1ie by about 16 to 18 m.v. (an& thus can not be considered .
riug—fracture volcanism assaciaﬁed witﬁ cauldron fesurgence-
of the type_éeéqribed bj Smith and Bailey, 1968);lf5) the
major portion of- the lavas were proﬁably exfruded in th;
interval 14 to 10 m.y. ago;' and 6)- the three -areas of
rhyoiite flows 1lie along the.Soéorro transvefge shear éone’
(Chapin, Chamberlin, and others, 1978)5

L The proximity of the rhyolite lava fiows to three
stuctural features: the Socorro transverse shear zomne, the
ring-fracture 2zomnes of their .reSPectivg 'cauldroﬁé,"and
north-trending extensional faults of the Rio Grande rift,
suggest thatlfhe éxtrusién cf these lavas was .probably
-controlled ﬁy the interaction of these structures (fig;"16).
The proximity of the tﬁree rhyolite fields tq-eaqp other and
the overall similarity in the compositioﬁs of their lavas
suggésts a common origin. & A compilatiﬁnv of . chemical
analyses of these lavas from different sources (6hapin and
others; 1979):isishown in table 1. ~ A compgfisoni of the
chemicélréompoéitibng of the;e lavas is incondlusiye‘because
of the 1imited ﬁumher of analyses and the ‘1ack of

trace-~element data.

Alluvium

Alluvium characterized by subrounded pebble— and

cobble-sized clasts is located in the vicinity of the saddle
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Peak, Pound Ranch, and Socorro Peak areas.

Tahle 1., "Table of qﬁemical analyses of rhyolite flows from the Magdalena
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in the NW 1/4 of section 2; (T35, R4W). The loose detritus
is about 15 m (50 £t) thick and mantles a tuff of the.
rhyolite of Magdalena Peak. The material is comprised
predominantly 6f fragments of pinkish-gray to light-brown,
“erystal-rich, gquartz-rich lava and a gray to dark-gray
aphanitic lava, both of probabie rhyoiitic composition. The
absence of outcrops of these rhyolitic lavas in .the' thesis
area and the rounded character of the clagts suggest
transport of the detritus from outside the thesis aréa. The
alluvium is probably a remnant of a fluvial deposit along an

"abandoned stream course of Pliocene age.

3
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Tertiary Intrusive Rocks

Tertiary §ikes_and domes are found in the eastern
half of the thesis area ﬁhgre they dintrude iocks of
Oligocene age; dikes have mnot been found im the Popotosa
Formation or the Magdalena Peék rhyolites, both of Miocensa
age. The periﬁdKof intiusiop of the dikes is not known ;
there is avidence, howevér, to suggest tﬁat intrusion
occurred predominantly in the interval 30 to 20 m.y. A
discussion of this evidence will be found at the end of this
" section. '

In. the thesis area the dikes aré predominantly
north-trending. -~ and intrude ‘both extensional faults
associated with the Rio Grande rift and ring fractures of
the Magdalena cauldron. The dintrusives can be classified
intqz three groups: fhe 1atit€ porphyrf.of Mist%etoe Gulch,

white rhyolite dikes and dome,.and hasaltic andesite dikes.
1 .

Latite Porphyry of Mistletoe Gulch

The - latite _porphyry ;f ﬁistletoe Gulc? intrudes
tﬂe Hells Mesa'Tdff in fhe ndrtheaéﬁncorner of the' thesis
area. In'lihe Relly mining distriét, immediately to the
north, the‘latite—porphyr§‘is a major intrusive that attains
2 maximum widtﬁ of 305 w (1600 £t). The latiteépofphyry
narrows towards the south and ié fuftﬁer reduced after it
crosses the east*trendiné North Fork Canyon fault (the North

Baldy cauldron ring fault). In the thesis area the dike is
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between 0.5 to 1.5 m (2 to 5 ft) in width and stands about.
O.Sdm (1.5 £ft) above the less resistant c;uldron facies of
the Hells Mesa Tuff. The dike extends southward into the
thesis area only about BGO m (2600 £t) Dbefore ic’ bééoméq
obscured by talus in the vicinity of the north fork of ﬁop
Canyon; Because of the sharply reduced size of. tﬁe
intrusion as it moves southward it is probable that the dike
does not extend further south than 'is observed in outcrop.
In hand spécimen the rock‘ is greenigh gray on
fresh surfaces andlgray to light reddish brown on weathéred
surfaces. The texture is porphyritic and is characterized
by distinctive dark-brown, platy biotite phenocrysts that -
reach 5 to 8 mg in léngth and comprise abouf 7 'perceﬁt of
the rock. Plagioclase and hormblende phenccrysts were not
observed though Blakestad (1978) reported their presence in
samples from the Kelly district. | \ |
‘ In the Kelly - district, the 1atite‘ porphyry
opéupies faults along a major north-trending =zone tha;‘:has
béen interpreted aé ri;g fractures of .the Magdaleﬁa
" cauldron; displacement aloﬁg fhe . fault occupied gy :the
porphyry has been estimated to be about 457 mA(1506 £t)
(Blakestad, 1978). In the thesis area south of the North;
Fork Canyon fault, the porphy?y has been intruded inFo the
Hells Mesa _Tuff. which shows 1little or no | vertical

displacement.
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‘White Rhyolite

White rhyolite dikes are cénfined to the éastern
quarter of the thesis area where they intrude ﬁhe Hells Mesa
Tuff. Similar white rhyolite &ikes are found to the nortﬁ,
in the Kelly mining district (Blakestad, 1978) and Bear
Mountains (Brown, 1972), and to the east in North ‘Fork - and
Copper canyons 'oﬁ ;he north-ceﬁtral Magdalena Mountains
(Krewedl, 1974). .White rhyolite dikes are less commoﬁ,' or
absent, din the south~central Magdalema Mountains (Osburn,
19f8; Petty, 1979; Bowriug, in'progress).

- Because of cross-cutting reiationships,' Blakestad
(1978) din the Kelly district and Xrewedl (1974) in the
central Magdalena Mountains both considered vthe ‘,%hite
rhyolite dikes to be the youngest of the intrusives. In the
thesis area, however, three lines of evidénce:éuggesﬁ that
the rhyloites are ﬁof the youngest intrusive: 1) thg white
rhyoiite dikes- are mnot found ' in focks of 27 £;§;'age or
youngers; 2) whére exposed, the attitgde of ghe wﬁite
rhyolite dikes has been rotated between 0 and 25'degréég to
the west, whereas, the agtitu@es‘of anéésife dikes ﬁa%é -not
been rotated; l3) the andesite dikes intrude‘-?aults
assocdlated wifh uplift of the ﬁagdalena Range,.Athe Whitér
rhyolite dikes do mot. ‘

The dikes  are ,fypically narrow and loné; they
range in thiéknegs from 1.5 to 3 m (5 to 10 £t) and extend

as much as 4 km (2.5 mi) in iength.- They predominantly
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intrude north trending faults, however, departure from this_
trend is not infrequent and-thekcharghter of the dikés is
sinuous . The dikes dip steeply to tﬁe eéét, _foughly
perpendicular to the dip of the Hells Mesa Tuff ﬁﬁichlﬁhey
‘intrude. o .

The dikes commonly crop out as registgnt 'wails
that rise as ﬁuch as 7.5 m (25 £t) above the Hells Mesa Tuff
(£ig. 17). Hexagonral and rectangular shaﬁéd columnar
jointing, perpendicular to the intruded surfaces, 1is ’found
at some outcrops (figs. 18 and 19)-. Where.j§intiﬁg is
present, the white rhyolite weathers .to a blocky talus.
Flow banding is also preéent-at some exposures-' A white
rhyolite &ome of similar lithologic characteristics intrudes
the Hellshﬂesa Tuff near the head of Mill Canyon; it also
produces a blocky talus, with sone blocks reaching a
diameter of a meter {3 ft) or more.

In hand specimen the white rhyolite is white " to
pale-pinkish gray on £fresh surfaces\and Weéthefé to*a‘buff-
‘to l1ight gray. The white rhyolite is porphyritié; though a
flow~foliated, aphénitic white rhyolite was oBSegved at Qne
outcrop. Quartz is the most abundant phenocryst, comprising
fetWeen 5 and 10 percent of the rock; the phgnoérystélare
subhedral tc anhedral énd average about 1 mm in diameter.
In the white rhyolite from the dome, quartz pﬁeﬁoqryéts are
somewhat 1esé abundant and appear'more réundedf FPotassium
feldspar, avéraging about 1 mm in length, domprises'between

3 and 7 percent of the samples. Limonite pseudomorphs after
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Figure 17, North-trending white rhyolite dike along the east
"+ silde. of the ridge between North and South Baldy peaks.
White exposure on upper far right is the prominent.out—
crop of Hells Mesa Tuff (fig. 5) that lies adjacent to
Noxrth Baldy Peak. :



.

%Figure 18. White rhyolite dike showing its resistant nature
{xelative to the surrounding Hells Mesa Tuff. ' Columnar
" (jointing is perpendicular to the bounding surfaces,

Photograph is looking south, in the NE 1/4 of section
\31 (T35, R3W). .
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pyrite, about 0.3 mm din diameter, give the rock a speckled
Appéarance; the pseudomorphs are'presept in most sémples in
amouwnts less than 5 percent.

The assoclation of ;limonite pseudomorﬁhs after
pyrite has been observed by Blgkestad (1978) in the Relly
district, .and Krewedl (1974), Osburn (1978),'“aﬁd Petty
(1979) in the central Magdalena Mountai;;; _these . authors
have also mnoted the association of‘these‘dikés with later
hydrothermal alteration. Blakestad _ (1978) states that
evidence in the Kelly mining district suggests thét the sare
extensional faults that were int;uded by dikes acted as
conduits for hydrothermal solutdions. Osburn (1978) nbtes
that in the centrél Magdalena Mountains the dikes frequently
show silicic alteration; at the head of South Canyon one of
these silicified dikes had b;en ﬁ;ned for gold. In the
thesis area the white rhyélite dikes are also frequently
silicified and gold has béen‘mined from the wali of a dike
near the saddlé between Mill and Copper Canyons. ‘Tﬂe ridge
which runs between - North Baldy and  South -Bald?- Peaks
parallels), .or ~1s capped by, a White: rhyolite'_&ike;
throughout most of its length small prospec&s.have been cut
into the more silicified outcrops of. the_ dike - or the
adjacent 'Hells Mesa Tuff. A further' discussion qf

hydrothermal alteration associated with the dikes will be

found in the section on economic geology.
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Basaltic Andesite

Basaltic~andesite dikés crop out- at. a ' few
scattered locations on both sides of Hop Canyon. On the
north side of the anyon, dikes cut the Hells Mesa.fuffl.and
thg tuff of Lemitar Mountains with its pverlying andesité;
on the south side, basaltic'andesite intrudes a fault that
separates the tuff of Lemitar Mountains from the tuff of
South Canyon.

The dikes range between 1.5 and 3 m (35 aﬁd 10 £r)
in width and exténd from a few ﬁ to 400 m (1300 £t) inmn
length. They have beennintruded along faults that trend
predominantly north~south. - In outcrop the basalﬁic
andesites are dark brown to dark orange brown; on fresh
surfaces they are dark reddish gray to purplish gray.

In hand specimen the andesite 'is commonly
porphyrite, however, phenacrysts v;ry in abundancé and type.
A slightly porphyrite sémple contains small; 1ath~shéped and
round; reddish.ferromagnesian phenocrysts din an aphanitic
groundmass; a moré porphyritic variety is characterized by
large chalky, white phenocrysts of plagioclase éhat vary .dia
length from 0.8 to 4.mm.

in thin~section thé plagiogiase, which comprises
between 4 and 7 percent of tﬁe rock, ds dIntensely altered-
and its composition coul& not be determined. A
ferro—ﬁagnesian mineral, probably a pyroxene, éompriéed

about 5 percent of the samples; the phenocrysts were rounded-
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or lath-shaped and‘completely altered to elays and calcite.
Paiéubrown biotite'pﬁenoc;ysts that aée;age 0.4 mm inllength
comprise about 2’percent of the roeck. Small, rounded gréins
of magnetite, averaging 0.3.mm in "length, are pr;sent_ in

trace amounts. The grouandmass is trachytic ian texture.

Sources

The source and times of emplacemént of the dikes
and dome are not known; hoﬁever, in the northermn Magdalena
Mountains the dikes appear to be spatially relatéd to Qtocks
or inferred stocks (Krewedl, 1974;‘Blakestad, 1978) (fig.
20). Two large stocks, the Anchor Canyon and the Nitt, are
located in the ‘Kelly mining district (Léughlin .and |
Koschmann, 1942; Blakestad; 1978); ‘Eight km (5 mi) north of
the Kelly ddistrict, .Brown (1972) identifigd 2 monzonite
stock, dntruding a nﬁrth—trending fault zoﬁe, thaﬁ‘he named
the La Jencia gtock and noted its siﬁilariﬁy to the Nitt and
Anchor Canyon:stocks. These stocks a?e ‘gonsideréd. to be
part of a 1;rge‘c§mpdsite;plﬁton éalleq the Magdaléna‘ﬁlu?on
which varies i; ‘coﬁpoéiéioﬁ from andesiteAthro&gh mafic, .
monzonite to gfaﬁophyre (Park; 1971; Chapin and 'otﬁefs,
1974%; ’iﬁ is about 6.5 km (4 mi) ﬁide and'ex£end§ 19.5 im"
(6.5 mi) .in a lnorth—south direction (Blékestgd; 1978;
Chapin, Jahns, and others, 1978). Three smallef iﬁtrusives
in the Kelly mining district, the Vindicator inirusi#e, the
‘Linchburg stock, and the North Baldy stock, have also been

identified (Blakestad, 1978).
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Figure 20, Location of Tertiary stocks and prominent dikes in
the northern Magdalena Mountains and their relationship
to dikes in the eastern part of the thesis area, Composi-
tions of dikes range from latite to rhyolite. The larger
intrusives are as follows:

{1) La Jencia Creek stock,

(2) Anchor Canyon stock,

(3) Nitt Monzonite,

(4) Vindicator intrusive (1, 2, 3, and 4 are parts
of the Magdalena composite pluton), -

{5) Linchburg stock (subsurface), -

{6) North Baldy stock (subsurface)}, )

(7) Water Canyon stock.
Locations of intrusives outside of the thesis area are -
from: Brown (1972), Chapin (unpublished map), Blakestad
{(1978), Sumner {in progress), and Krewedl (1974).
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Another large ~“stock of quartz ~monzonite -
composition is found d4in Water Canyon (Krewedl, 1974).
Between,the Water Canyon stock and ﬁhe Mag&aleﬁa pluton is a
heavy concentration of ?hite rhjolite, mafic,>‘ and
latite-monzonite dikes; Krewedl (1974) hag .propose& the
existence Qf a buried North Fork éanyon stock to explain
this concentration. The relationship between the Water -
Canyon and dinferred North Fork Canyon stqcks an& the
Magdaleﬁa pluton are not known.

Three stocks from the nortﬁeru Magd;iena Mountains
have been dated by the EK-Ar method; the Nitt aﬂ§ Anchor
Canyon stocks at 28.0 + 1.4 m.y. and 28.3-_jf 1.4 m.y.,
respectivel} (Weber énd Baésett, 1963), and the.Water Canyon
stock at 30.5 + 1.2 mn.y. (Chapin and others, 1974}). .

The stocks of the Magdalena pluton-are locatea

~
along the Magdalena cauldron vmargin (32-28 m.y.) which
probably acted as the dominént _struétural control. The
Water Canyon stock is similarly located aiong? the North
Baldy cauléron margin. If the dikes-iﬁ the éhesis area are
genetically rglated to the compoéit;,pluton aﬁd.ité “astocks,
they were intruded' no earlier than. 32-28 m.?. On hill
"8648" west of North Baldy Peak, in secéioﬁ 13 7(&38, R4W),
the .tuff of Lemitar Mountains (28 m.y.) is‘si}icified and
cut by small.veins of barite énd quartz. This. indicates
that some of theAmineralizatiOn ié'youngef than 28 ﬁ.y. On
Water Canfon Mesa, Osburn (1978; personal communication,

1979) notes -that a white rhyolite dome, overlain bj the
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Popotosa Formation, appears.to intrudevthe Water Canyon Mesa
lavés dated at 20 m.y.

In the San Juan Mountains, Cﬁloradd, Lipman and
others (1976) reported thét ﬁhe mineralizafion and
associated intrusions occurred'along.caldera structures 5 to
15 muy. after the caldera formed. 'This suggests that the
intrusion of dikes and domes in the northern Magdalena
Mountains probably occurred im the périod between 28 m.y-.
and sometime after 20 m.y. Chapin (personal communication,
1979) notes that some of the wundated lstocks in the
subsurface, such as the Linchburg, could be substéntially‘
younger than 28 m.y.

The character of the intrusives in the southern
Bear ° Mountains, the KXelly district, and the northern
Magdalena Mountains is different'thap that in ‘the southern
Magdalena Mountains. In the north, the intrusives are
typically limear white rhyolite and mafic dikes of a general .
northerly trend. Tn the south, however, these 1ineaf
features largely -die out' and the 'white rhyolite, where
present, takes the form of domes gnd rélafively sﬂért radial
dikes.

| The major structural feature that separates the
northern from .the southern Magdalena Mountains .'is the
Socorro shegf zone. This suggest;.that the primary source
of the intruéives in the northern Magdalena Mountains was
the Magdalena pluton and other stocks along cayldron

margins. Lateral movement of this magma towards the south,
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at mid- and upper-~crustal dgpths, may have been prevented by
the transverse shear zone din a manner siqilar to that
suggested by Chapin; Chamberlin, and ;thers (1978) for the
present mégma body that ﬁnderlies Socofra- Anothgf faétor
may be the' much deeper level of erosion in the northerﬁ
Magdalena Mountains. The abuﬁdance of stocks and dikes

seens to increase with deeper levels of erosiomn.
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Quaternary-Tertiary Deposits

Piedmont Gravels

Gentle, westward—sloping' Suff;gea E of
unconsolidated piedmont gravels gfade . from  moderate
colluvium-covered slopes downward into stream terraces and‘;
stream beds. These surfaces are develOpe& from inéividual
or coalescing = alluvial fans. The gravels are comprisé& of
poorly sorted cobble—, pebble-~, and sand~sized clasts .of
predominantly ash-flow tuff, rhyolité, and andesite

lithologies.

Quaternary Deposits

Alluvi#m o
| N
Unconsolidated detrital material deposited by
ruaning water din stream beds and on stream'te;racés.is
mapped as Quatefnafy alluvium. The largest _afeas:?'of

alluvium in the thesis area are found . in central and lower

Hop Canyon, and in lower Agua Frdia Canyon.
Landsldide Deposits

A landslide, comprised largely of debris from the
rhyolite of. Magdalena Peak, is found on the northeast side
of Elephant Mountain, in section 2 (T3S, R4W). The source

of the landslide can be seen in the rhyolite that crops out
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above the debris. A shallov depression with low, roun&edK
sides of lateral debris deposits marks the course of the

landslide.
Colluvium and Talus

Unconsolidated soil and rock ffagments de?ogited
by mass wasting are mapped as colluviumntélus. ‘Talus is
found mantling steep slopes; it is commonly 1litholegically
.homogeneous and associated with specific outgrobs of.tuff or-
lava. Colluvium mantles more moderate slopes aﬁd typically

grades into piedmont slopes or stream terraces.

i
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STRUCTURE

The strﬁctural development of .fhe Magﬁalena
Mogntains c¢an be divided into four periods: Laramide uplift
and er;sion'(abOut 75=45 m.y.), Oligocene §olcéﬁism _ and
caldera collapse (37-26 m.yﬁ), extensional faulting and
development of'the Rio Grande rift‘(32 mey+ to Recent), and
regional uplift  and block faulting of the Magdalena

Mountains (abbut 7-4 MeV o) o
Laramidé Uplift and Erosion

~During the Laramide orogeny the Magdalena
Mountains area was situated ;n a broad, north-trending
uplift or series of uplifts that extended from San Acacia,
35.5 km (22 mi) mnortheast of Magdalena, éouth to thé San
Mateo Mountains (Chapin, 1974; Chapin, GChamberlin, and
others, 1978). » | |

Théré are at present no accuratehcontrols on the
;imiué of the uplift'of the aﬁéestral' Magdaie);le_zu‘nountains~
during thé. ﬁa;amide.\ In southern Coloré&o;‘the Laramide
uplift of tﬁeréouthérn Rocky Mountains wagr tfﬁncaﬁed‘ by. a
late-Eocene erosion surface '(ﬁéis and Chapin, 1975), and
uplift_isvéons;aefed to have ceased between midéle and late
" Focene (Twe;o; 1975). Woodward and others (1972) néted that
uplift of * the north-trending Nacimientou Mountains 6f_'
north—central‘New ﬁexico also ceased during xthe Eocene. .

Slack and Campbell (1976) and Callender and Zilinsky (1976)
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reported, however, that theuuplift of the Lucero- monocline,
65 "km (40 mi) north of Magdalena, may have continued intal
early Oligocene time. - ‘

In central Socorro County, effcrtg to, ;@ate- the
" Baca Formation, wﬁich provides ‘an upper limit .to the
Laramide uplift in the Magdalena area, have éhbwn mixed
results. Snyder (1969) reported the identification of-twol
fossils that indicated the Baca Formation was of Eocene age.
S.C. Hobk'and D.L. Wolberg (persﬁnal communication, 1979)
note,l however, that the identifiéations are doubtful and
that the Baca Formatlion has not been accuratelf dated.
Laramide uplift in the Magdalena area probab;j ceased during
the middle Eocene, however, it may have continued inte the
late FEocene. |

In the Magdalena Mountains area, the Laramide
uplift was eraded - down to late~Paleczoic 'focks; the
resulting deﬁritus was deposited to the mnorth in the
west—~trending Baca basin wheré it. buri;d rdcké of upper -
Cretaceous age (Blakesta&, ‘1978; Chdpin, Chamberiin; 'an&
others, 1978). In the Xelly mininé district, 1ocated'§n tﬁe.
northern flank-of‘the Maédalena‘uplift, the Spears Formatiocn
at the base of the Oligocene‘volcanic sequehce rests on -the
Abo formation of.Permign aée; north of the uplift;. in th;
northern Bear Mountains, the base of the vo?canic rocks
rests omn the-Baca Formation. In the thesis areé; rocks

earlier than the Oligocene are not exposed.
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Oligocene Volcanism

The period of Oligocene volcanism began about 37
ﬁ.y. ago with thé eruption of the andésitic to latitic
magmas of'hthe " Spears Formation (Chapin, 1974#)1 "In the
Mégdalena Mountains,—explosive volqénic activity yegan about
32 m.y. ago ﬁith the collapse of the North galdf cél&era}'
this was followéd? over the ﬁgxt 7 mey.y by the formation of
at ieast four additional overlapping cauldrons- in the area
between Socorro Peak and the southern Sam Mateo Mountains, a
distance of 80 km (50 mi) (Chapin, Chamberlin, and others,
1978). The c¢auldrons lie on or near thé easé—northeast
trending transverse shear éoné that has hadt a major
influence on the distributidn'of magm;tism in the Socorre
area (Chapin, Chamberlin, and others, 1978). The thesis
area lies on tﬂe margins of three of these structures, the
North Baldy, Magdalena, aﬁd SéWmill- Canyon ;auidroﬁs, and
possibly( on tﬁe maygin of a thi?d, the Hop Canyon ca&ldron
(fig. 21). - '

The North.Baldy cauldron was formed about 32 mey o

ago folibwingljthé wer#ptibn of the Hells Mesa Tuff.  The L

northern margin 6f\the cauldron is definéd Ey the North Fork
Canyon ~and quty.'fauits (Blakestad, i978) tﬁéf trepd
west-northwest aidng the boundary betwee; thé tﬁesis érea'
and the Kellf distric; (£ig. 22). vThough the full areal
extent of the cauldron has not been firmly identified, the

western margin of the cauldron probably 1lies somewhere in
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ing and the location of
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Horik, Taveg

I

Figure 22, Photograph showing locations of the Magdalena and’
North Baldy cauldron margins and the prominent white
outcrop of Hells Mesa Tuff. View is to the north with

hill "9618" in the center and North Baldy Peak on the - -
skyline at far right. '
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the subsurface of the thesis area. A Lenses of volcaniclastic
breccia are interbedded in the upper Hells Mesa Tuff and’
extend from North Baldj Péak, in the north, southward 4 km °
(2.5 mi) to Mill Canyon. Blakestad (1978)ufirst‘récognized
the similarity of these breccias to  the mesobreccia
dascribed by ’Lipman (1976) and suggeéted that they wefe
&epositéd adjacent to the topégraph;c wall of the' cauldrom.

The dipnslip companent of offset for the North
Fork Canyon fault has been estimated to be about 425 m (1400
ft) (Krewedl, 1974). As the cauldron £floor subsided, ' the
Spears, Abo, and Madera formations became érogféés;vely'
exfosed on the cauldron wall; partial collapse of the wall -
producedA the breccias that are interbedded in the upper
Hells Mesa Tuff. The North Fork Canyon faulf terﬁinateé in
a péir of faults th;t trend northwest and west-northwest and_
which themselveé te}minate in the north—trendiné Soufh Camp
fault. (fig. 21). |

The Magdalena and Sawmill Canyonx cauldgons were
both created betweén 32 and 28 m.y. ago withvfﬁe érup%ion of
the ﬁlow-bandea and pinnacles mémbers of the A;? Peak Tuff;
their joint collapse produced a large dumbéll;gﬁépéd double
cauldron. The centér‘of the Magdalena cauldron is believed
to be southﬁestrof the town of Magdaleﬁa, and that of- the
Sawmill cauldron, in-the east-centrallMagdaleﬁa Mbuntains.

The north—trendingLring.fracture zone that marks
the eastern- margin of the Magdalena cauldron lies in the

eastern quarter of the thesis area. In the Kelly district
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to the mnorth, this margin 1is delineated by four broad_'-‘

strﬁcturalnlithologié zones, each down;fauited to the west
with respeet to the other (Blakestad, 1978). These broéd
'fault zones, however, terminate at the ﬁorth Fofi Canygu
fault; south of that fault the cauldroﬁ margin is markedAby:
a siﬁgle fault or by a narrow fault zone (plate 1). Bowring
(in progress) reports that the Magdalena ring‘fracture zone
continues south of the thesié aréa into the west-central
Magdalena Mountains.

The Hells Mesa Tuff lies on the east side of this
ring fr%cture zone and the unit of Sizmile Canyon on the
west, or Magdalena cauldron side. In the central Magdalens
Mountains this same relationship is found along the northern
margin of the Sawmill Canyon cauldron (Petty, 1979); this
suggests that the Magdalena and Sawwillq Canyon cauldfons
shared cauldyon £ill in the area where they joghed, in the
vicinity of Mill Canyon.

The present attitude of the Maédalena ?ing  fau1t‘
in the thesis area is probably ve¥ticél or steeély dipping;
the fault, however, is évérywﬁere obscured by talus and ifs
actual attitude is unknown. Blaiestad (1978) repoftsxtﬁat.
nost of the faults in the Waléo4Madera fault =zone dip
steeply eastwafd ‘as a result of later rétation during
uplift thg _original attitude was probaﬁly vertical orx
dipping steeply westward, towards the center of the
cauldron.- The displacement along this fault in the thesis

area 1s probably between 550 and 600 m (1800 and 2000 ft);
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~in the Kelly district the totai offset may be as nuch as 766
m (2500 f£t) (Blakestad, 1978).

The latite porphyry of Mistleéoe' Gulch forms an
arcuate band,"in the Kelly district and is interpfeted by
Blakestad (1278) to be a ring dike ‘marking the eastern
' margin of the Magdalena cauldrﬁn. In the thesis area, south
of /the 'North Fork Canyon faﬁlt (the North Baldy cauldron
ring fracture), the latite porphyry intrusion .departs from
the‘ cauldron margin fault and quickly dies out-‘ Though the
Magdalena cauldron‘truncated the North Baldy cauldron, the
deep-seated ring fracture of the North Baldy gauldrou
probably exerted some control over the southward movement of
intrusive magma and hydrothermal fluidé.

The "ekxistence of a éauldrgn ﬁesiled within the
Magdalena cauldron has been suggested by Chapin, Jahns, and
others (1978) to account for the apparentA térﬁiuatioﬁ of
- .Magdalena cauldron rocks within the Magdalena cauldron. The
proposed cauldron has been named the ﬁop Canyog cauldron.
It has been suggésted fhat the Hop Canyon cauldron is the
g#urce of the‘ éﬁmm.y.nold tuff .éf 'éouth ' Canyon and,
therefore, the &oungest of . the éauldronsu in - the
‘Socor?quagdalena—San Mateo Mountainé area (Chapin, Jahns,
and others, 1978). Additional evidence is needed to

evaluate the existence and areal extent of the cauldron.
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Oligocene Extensional Faulting

In the Magdalena Mountains an extensional étresé
field existed at the time of the eruption of the A~L Peak
Tuif  whose age is bracketed between the 32 and 28 m;y.‘ageé
of underlying and overlying tuffs, respectively (Chapin,
Chamberlin, and 6thers, i978). The faulting ?ssociateﬁ with
this extension followed north-trending- =zounes of weaknéss
that had developed  during the late Paleozoic and early“
Tertiary orogenies (Chapin, 1978). "in' the Lemitazx
Mountains, 24 km (15 mi) east of Magdalena, Chamberlin
{1978) has documented the deﬁelopment‘of north-trending,
high—angle normal faults'beginning between 32 and 28 .m.y._
ago; he suggésts -that this style of £faulting, which
continued until 20 m.y. ago, was probably associlated with

high heat fldw and rapid rates of crustal extension.

~
in the northern Magdalena Mountains, - the
extensional stress field  produced a - series - of

north-trending, steeply dipping faults that -prébably i
facilitated the.intrusion of the 28-m.y.-old stoéké_ ﬁé the
Magdalena composite pluton along the earliér' fOr??d__'
Magdalena cauldron.riné fracture zone- (Chapin andf.;thefs,'

1974a; Krewed1,  1974 Blakeété&; 1978). Stocks of similar
age and composition have been found in the Lucero ﬁﬁlift by
Callender and Zilinsky (1976), where they hédﬁﬁ;éﬁ intrgded

along north-trending faults.
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The north~trending faults in the * northern
Magdalena Mountains were also intruded by magmas of mafic,’
monzonitie, and rhyolitiec comp;sitioﬁs whiph_ had been
derived from the stocks of the underlyiqg'lﬁagdalena
"composite pluton (Krewedi,~1974; Blakestad, 1973). “In the
thesis area these Oligocene faults are marked by white
rhyolite and mafic dikes that intrude the Heils Mesg Tuff.
Though the dikes and adjacent Hells Mesa Tuff are freéuently
silicified, there is no evidence'of post-~intrusive moveﬁent.*
In the XKelly district, Blakestad (1978) also finds little
or no post-intrusive movement along faults §ccu§ied by
dikes; he notes, however, that the faulting associated with
the 1ate¥ uplift of the Magdalenma Range rotated the
Oligocene faults about 30 degrees to the west. This
rotation is alse seen in the thesis area: the long white
rhyolite dike in sectioms 30 and 31 (I3W, RSQ), probably
originally vertical, presently dips betﬁeen'o and‘70 degrees
to the éast. . - _
Chapin (1978) has divided the Rio Grande :ift into
three segments that differ somewhat iﬁ‘ sfrﬁctural »histofy."
He, noted that the southern'segmént, in whiéh the:ﬁagdaiéﬁé .
Mountains lie, is characterized by a felatively widerA rift
comprised of a series of parallel, nérth-trending basins and,
. ranges. Differential spreading of the rift has resulted in
the developmént of transverse shear zones that have acted as
incipient transform faults; these sheaQ‘ zones trend

northeast and £follow earlier zones of weakness in the
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Precambrian basement (Chapig, 1978).  Chapin, Chémﬁarlin,
and-others‘(1978) have shown that these shear zones éeparate‘
fields which have undergone'opposité difections of rotation
and step faulﬁing. For example, in the‘Magdalena ‘ﬁoﬁntains
‘morth of the Morenci lineament, the rotation isvtoward the
west and step faulﬁing s down to the east; south of éhe
lineament, the reverse is grue. The reactivation of the
Morenci lineamé;t and formation of the transvérsg shear zone
wé; concurrent with the development of an extensional‘stress
field.' As separation along the rift progressed, Aa shallow
basin developed in the Socdrro area, that by 26 ﬁ.y, ago
began acéumulqting sediments of the _lowér menber 'df the .
P0potésa Formation (Chamberliu, 1978; Ghapin, 1978).
in the Lemitar Mountains, Chamberlin’(i978) has
described closely spaced, subparallel pormal faults whicﬁ
have‘ uﬁdergone progressive <rotation; he h;s‘cﬁaracterized
this style of faulting as "domino style Chamberlin {1978)
also observed that the dip of the fault planes became
progressively shallower with increase in age. . s
" Chamberlin (1978) has compared the faultino found
in the Lemitar Mountalns with faults described by Morton and
Black (1975) in the Afar depr%ssion, and by Proffett_ (1977)
in the - Yerrington area of Nevada. Chamberlin'and these
authors‘have attfibuted this style of mnormal faulting and
block rotation to rapid extension -of a réiatively thin,
brittle crust above a ductile substrétum- In Fhe Lemitar

Mountains, Chamberlin (1978) has also shown that during
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periodé of inferred lower Theat flow, thicker crust, and
lower rates of exteqsion, faulting pccurred:albng no;mal
faults of higher dip angle and there was felativelyA little
block rotation. .

The relationship hétween block rotation and normal
faults described- by Chamberlin (1578), and later found by'
Osburn (1978) and Petty (1979) din the eastern~ Magdalena
Mountains, was not observed in the thgsis area. Faults in
the northwestern Magdalena ‘Mountains, where exposed,‘jare
vertical or dip steeply to  the " west; fault biqcks are
rotated toward the dip of the fault. Wi£h one exéeption,
strata dip to the northwest and west-northwest petween 15
and 35 degrees; there is no consistent variétion with age as
was found in the ©Lemitar Mountains. Similar dips and
orientation are found to the north in thg Ke%ly district
(Blakestad, 1978). The one exception to the geﬁéral pattern
is the wupper member ‘of the Popotosé Formatioﬁ whic%
generally has dips of less than 10 degrees. Ex#osﬁres.of,
the upper member lie to the west §f the major range-~bounding
faults and were not sﬁbject to sigﬁificént fotatiOn;,'sérat;
of the wupper member that may have experience&'rgtétioﬁ'
during uplift have been eroded f£rom the upthrown blocks.

West—-dipping faults and associated west-~dipping
fault blocks found in both the thesis area and in the Kelly
mining district to the north occupy an area of'about 12 km
(7.5 mi) long by 2 km (1.5 mi) wide. Portions of this area

have been structurally dominated by the Magdalenal cauldron
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margin; faulting associated with regional extension in this
area, therefore, may not be fepresentative of the structural

style of the northern Magdalena Mountains.
Late-Miocene and Pliocene Uplift'

Between about 7 and 4 m.y. thé P§p;tosa basin was
brokéﬁ up into the series of narrow, p;rallel faéins and
ranges that pfesenﬁly chara;terizelthe southern segment of
the rift (Chapin, 1978). The north7£ren&ing bloék faulting
that 'fragmented the basin and elevated the -Magdalena
Mountains was part of a broad epeirogenic qﬁlift that
occurred in thelsouthe;n Rocky Mountains and adjacent areas
(C£apin, 1978). The rate of upliét may have'been'rapid_aﬁ
times; dn the Kelly district, Blak;stad (1978)A has ﬁépped
remnants of large landslidés "which . were the result of
over—-steepened slopes. In fhe northwesterﬁ\ 'Mégdalena
' Mountaing, significant displa;eme#t along n;rmél faﬁiﬁé"may_‘
have taken place in a stress field in which vertical ~f§rge;
were predominant(and:horizontéi fgrces subq?@iuaﬁé.¥h~fi |

The disﬁlg;emenfkaiong‘fhg'noffhwésternﬁ;érgiﬁ of
the Magdalena ‘ﬁduﬁtains | occufred- ‘primariifkah?élbﬁé
norfh—trending, range—bounding\faﬁits. These range;bound;ng
faults continﬁg sough of the’ thgsis afea'aloﬁg thg west
flank of the central Magdalen; Moﬁntainé éBowring, in
progress). In the Kelly district,’Biakes;ad (1978) reports
that displacement follows the Waldo aqd ‘South Camp faults

‘with an estimated offset of about 460 m (1500 £ft); at the.
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south end of the Kelly. district this displacement is
diétributgd alongll the South Camp and - Smith faults.
Dispiacement also occurred along a probable north-trending
fauwlt that cuts the rhyolifas of Magdalena'Peaﬁ between
Elephant Mountain and Megdalena Peak (plate 1, fig. 21).

The mnorth-trending ring £fracture =zone of .the
Magdalena cauldron probably experienced renewed movement at
this time, especially south of the North Fork~Caﬁyon bfault.
In '-the thesis area,. total displacement along the
Xrange-bounding.faults is probably in excesslof 885\-m (2900
. £t). In the west-central Mapdalena Mountains, an estimate
based upon the positioﬁ of the ©Popotosa Formation expoesed
south of South Baldy Peak gives a disPiacemant of about 320
m (2700 £t); however, the tuff of South Canyon is missing in
this section and the displacement 1is probably greater
(Bowring, personal communication, 1979). h ‘

In the Hop Canyon area the‘rangeébounding‘faﬁlts
occupy a zone that is about 3.0 km (2.0 mi) wide;’.south of
Hop Canyon'this_faulg zone narréws to'abou£ 1.5 knm (1-9 mi),
the éasterﬁ  edge"of which 1is marked by the Magdalena
cauldron ring ffacture (plate 1, fig. 1?. - Noxrth of Hop
Canyon, the west slope of hill "8649" is ch;racterized‘ﬁy a
serles of down-to-the-west step faults, each of small
displacement? A few faults, on both sides of Hop Canyon,
are occupiled by narroﬁ mafic dikes. White rhyolite was not

observed to intrude range-~bounding Ffaults.
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Faults oriented .transverse to tﬁe north-trending .
fabfic were‘found in, and 'nortﬁ of, Hop Canyﬁn; these
transverse faults' appear to have developed.iﬁ response to
local differéntial‘movement of the rangé—bounding féﬁlts- A
local transverse shear zone also appears to follow the uppér
?ortibn . of H111  Canyon. "Displacementh aloﬁg transverse
faults was ;ocal; 1o aggregate dilsplacement between_the
north and south.portions of the thesis area was observed-

- A north—trending fault truncates the eastern edge
of the . rhyolite flows of Magdalena ?eak. !_A_ sacpnd
north-trending fault is probably located immediately west of
Elephant Mountain,and alqng the centr;l portioﬁ of Agua.Frio
Canyo#- The rhyolite flows to the éast 0of this fault form
distinctive flat-topped benches of significantly greater
elevation th;n the exposures of rhyolite to the west.
Outcrops of ‘rhyolite tuff -and' the Popotosé lFormation
underlying the flow-banded rhyolite ' also _éccur ~at lower
elevations west of the fault. The.ﬁagdalena Mountains are
still undergoing uplift as is shown by fecent féglt scarps
Eo fhe ﬁorth and east of the. présent range; Ratés*ofA
uplift, however, are low compared to’the pefiod }’to 4 ,m;y.

(Chapin, 1979).
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ECONOMIC GEOLOGY

The thesis area Llies imme&iatelﬁ south.of the
Kelly mining district where ore - was first discovered in
1866. Between- 1881 and 1539; the district‘prodﬁcéd anu;
234 million poundstof zinc, 88 million pounds vof lead, 12
million pounds of copper, 4 million ounces of silver,'ani
minor amounts of gold. Total production to the‘présent, at
original prices, has been over 52 million dollars (Loughlin
and Koschmann, 19423 Chapin, Jahns, aand others, 1978)-:
Productién came predominantly frqm zinc—lead-replacement
- bodies in the Mississippian Xelly Limestone (Blakestad,
1978).

There are no surface expoéures of limestone in the
thesis are;; however, the hydrothermal sysfems that produced
the .replacement »depésits in the . Kelly dist;%;;.are also
evident in the area to the south of the district. Continued’
ref;;ence will be made to the Kelly district rin examining'
mineéalization ‘and- the economie potentiél in the thesis

areae.

Controls of Mineralization

The major structural controls of minergliz;tion
are the ring fracture zones of the North Baldy, Magdalena,
and Sawmill- Canyoﬂ cauldroné and the - late Qligocene
north~trending extensional faults. In the Kelly district,

Blakestad (1978) has noted the association between stocks
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and mineralization; the ;ntenSity of mineralization was
found, in general, to be inversely proportional to'lthe
distance from the intrusive bodies. The arg#s showing the
greatest degreé of altér;tion in the thesis area lie in Hop
and Mill Capyons, and along Baldy ﬁidge- Central HoP_anyon
lies adjacent to the North Bald?-stock‘and tﬁe hydrothermal
filuids which altered the tuffs and andesiles ‘in  that .area
may.have been deriyed from that source.

Loughlin and Koschmann 61942) and Blaﬁestad (1978)
have noted the spatial relationship between white ;hyolite
dikes and exposed stocks in the Kelly district. In the
north-central’ Magdalena Mountains, Krewedl (19%4) .ﬁas
suggested the existencé of a. ¥orth Fork Canyom stock ¢to-
explain the high concentration of white rhfplite ;nd
monzonite dikes in that area. The white rhyoslite dikes
along the flank of Baldy Ridge are alsqgthwest.éxtensiop of
the dikes in the Sorth Fork Canyon areaj .thé: hydrothermal
- £luids that later silicified these dikes éndugdjaqent Hells
Mesa Tuff may have originated from this iﬁférfed-sﬁock.:

In éhe Kéliy district the pfiﬁary_“;éfgfigrapﬁic
control to .mineralizatiom is the reagfive Kéiiy Limestone
(Blakestad, 1978). This limestomne is ht;t'.'.e'xposed in the

thesis area; however, it may still act .as a favorable

horizon to mineralization at depth.
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Al;eration'

The two most common types of alteration in the
thesis area -‘are propylitization  and silici?ication.
Propylitization is best developed in the Hells Mesa Tuff and
the dnterbedded nudflow deposits, conglomerateé, and -
sandstones exposed southwest of North Baldy Peak.in section
1§ (T3S, R3W). Alteration products are generally epidote,"
chleorite, ecalclte, and sericite; the chloxite and epidote
frequently give the rocks a greenish-gray tinge. Propylitic
alteration is less commonlyn found 4in the andesites and
sandstones of the unit of Sixmile Canyon; alteration when
present in this unit is rastricted to small areas.

Silicificaéion tends to be localized along faults
and is found in all roeck wunits of Oligocene age.
Silicification occﬁrs in two general areas. In Ehe eastern
quarter of the thesis area, hydrothermal £fluids fése along
north-trending extensional faults and dikes that lie im ghe
Hells Mésa Tuff to tﬁek east of the Magdaléna cauldron
margin. The most conspicuouS‘grea of silicificgtion is the
zone vwhich parallels the long white rhyo;ifé dike along the
eastern boundéry of thé thesis area. Thé Hells - Mesa Tuff
intruded by the dike is frequently éut:by quartz veins an&l
both the dike and the tuff are partially replaced by silica.
Small cubes of pyrite, now altered to limonite, afe found oﬁ

the walls of the dike.
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A second area of silicification is found along_
normal faults that accompanied thg elevation‘ of. the
© Magdalena Mountains after about 7 m.y. Examples of Kthis
alteration are -the silicifieé:ZOnes in the tuff of Lemitar .
Mountains and its overlying basaltic andesite.north of Hop
Canyon, in section 13 (738, R4W). The silicification is
apparently contreolled by north-trendiﬁé' faults and sheér

ZONesS.

Mineral Occurrences
Hop Canyon

Numerous small'mines and prosPects.are.found along
Hop Canyon .in secgiOn 19 (T3S,R3W) and In section 24
(T38,R4W). In 1905, C.H. Gordon (Lindgren and others, 1910)
reported vigorous prospecting operations by the :ﬁop Canyon
Mining Company on the south side of the canypn on the
Marguerite, Oshkosh, Lucy, and Lookout-claims; then §re lay
in a shear zone trending N1OW and dipping about 7bSW (Lasky,'
1932). An adit abour 335.m (1100 ft) long was driven S20E -
to intersect £he "shear zone: 152‘ m (500 ff) below ”;he'
outcrop; though no ore was féund, assaﬁs ére said to have
given some véiuesAin gold (Lindgren, 1916). |

The Hop Canyon Mining Company claims we?e séaked
between 1897‘aqd 1900 and the descriptions of the claimé did
not contain references to township and rangevsurvey markers;‘

as a result, their exact location is uncertain.  The

s
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location .and size of mine dumps observed_(in the fieid,_
however, have. been correlated with ‘Lasky’sv (1932) and
Gordon’s (Lindérén and othe;s, 1210) descripficns 'aﬁﬁ a
tentative loﬁation for these prospecting actiyities:is shown
in figure 23. The oﬁly mineralization found at preéent ist
mninor malachiée on andesite from one mine dump. |

Adjoiniﬁg the Hop Canyon propertiess, down the
canyon to the northwest, are ﬁhe Calumet and Néw Mexiﬁo
Mining Company claims and the Kefy Prospect (Lasky, 1932)«
Prospecting ‘activity was confined to driving several adits,
each abbu; 30 m (100 £t) long, on both sides 0of the canfpn
(Lasky, 1932). Mineralization observed by Lasky (1932).froﬁ‘
the FKery ProsPect‘dump was confined to some copper ;ulfide
and copper carbonate-stained pebbles. All ~mining activity
had been abandoned when Lasky (1932) visited Hép Canyonlin

1929. | | o ™
Baldy Ridge

A number of mines énd 'frospeété thét‘ have been
excavéted' alongK the margins of white‘fhyolitesdikeéjand_in
the adjacent siliéified zoneé 'are locatgd: oﬁ' thé ridge
extending £from North_Baldy to South,Baldy.peaks.(fig. 23).
Proépects-in the silicified Hélls:Mesa Tuff are frequent,
but commonly only 1 to 2 m deep} miniﬁg activity along the
dikes, howevér, was more substantial.\ The largest of * these
minés; the Cresténe Lode and Golden Suunrise Wo. 1 and No. 2

patented e¢laims, was developed along the contact of a white
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Figure 23. Map showing locations of the Stendel perlite
deposit and selected mining claims in Hop and Mill
canyons. The location of the Hop Canyon Mining Co. claims
is only approx. - The claims are:-Lookout--(1),-Lucien (2)
Mountain Queen (3), Oshkosh (4), Lucy (5), Marguerite
(6), Mabel (7), Slide Rocks Mining claim (8), 01d
Soldier vein (9), Wheel of Fortume (10), Crestone Lode
(11), Golden Sunrise (12), and Copper Lode (13), the
large perlite prospect (14), and the Stendel perlite .

deposit (15). ~



131

e,
W e

G
VS R




132

rhyolite dike and the Hells Mesa Tuff just southeast of the
saddle dividing Mill and Copgér Canyons. An adit and shaft
had been driven ét one locality in the Crestone_cléim; its
length could not be determined but it is probably less than
30  m (100 ft). A number ofvcuts were also driven along the
cbntacf between the &ikg and tﬁe tuff.

Ihe mineralization occurs along"the'?alis and in
fractures in the‘dike. 8mall specks of'what appearé to be
gold are sometimes' found -in small grains of limonite
pseudomorphs aftgr pﬁrite. - Gold is also reporteé to have
been found in the quartz veins that £ill fractures in the
dike (Krewedl, 1974). Similar relationshipg are reported by .
Petty (1979) for the Timber Peak gold mine in the central
Magdglena Mountains. |

The Crestone claim appears to have had‘a sporadic
history- The claim was patented @n 1905 and worked for am
unknown 1éngth of time. 1In the early 1970°s, an attempt to
reopen the mine failed. In 1978, a road‘was b;ilt to the‘
Cresténe claim'frém Mill Canyon, and in 1979 work was begun
to &evelop'the property. -

A second mine associated with the white rhyolite
dike is the Copper Lode patented c¢laim located on Baldy
Ridge afout 1-5 km (1.0 mi) sou;h of the Crestone claim.
The claim lies just south of the thesis larea where the
north—trendiﬁg dike terminates against the west-trending
ring fracture zone of the Sawmill Canyon cauldron. _The

‘intersection of the dike and the ring fracture zone probably
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controlled the alteration; the surface exposures of the dike:
andl surroﬁhding Hells Mesa Tuff are strongly silicified. A
partially caﬁed shaft marks the entrance to the mine; the
size of the dump indicates that the underground workings may

have reached 90 meters (300 £t) in length. No economic

" mineralization was seen on the dump.
Mill Canyon

The mines and prospects dn Mili Canyon were
largely prospected and developed by August Riviere in the
first half of this century. ‘The first record of Riviere,
rumored to have been a veteran of the Franco;Prussian War;
is a quitclaim deed :of 1903 when he dcquired oﬁe half
interest in the Gold Rock and Gold King claims in the north
fork of Mill Canyon. The major prospects and mines which he
Wérked, however, were fhe Iron Cap vein, th; Wheel of
Fortune mine, and the 0ld Soldier vein, all located in
section 36 (T3S, R4W) and section 31 (TSS; R3W).

The Ironm Cap vein i1s. “situated in Mill Canyon
Maine Branche 12 Mile ;oqthrof Magdalena near ;he Divide in .
North West side of the créek facing east™ (kiviere, .1926);
Thé prospects, which consist of cuts, éhafté, and short
adits, are. located along a northeast~trending mafic dike din
Helis Mesa Tuff (plate 1). The dike and tuff are freéuéﬁtly
‘brecciated and sili;ified) and locally show iron staining-.
In 1929, when Lasky (1932) visited the prospect, he found
traces of pyrite, chalcocite, covellite, and malachite in

the adit at a depth of 10 m (35 £t) below the odtcfop-
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The Wheel of Fortume mine 1s located about 0.8 km
{0.5 mi) northwest of the iron Cap,vgin, in the SE 1/4 of.
section.25 - (T3s, R4W) (fig. 23). The -mine ~was first
described by Gérddn in 1905 (Lindgren and.others,.iQIO); he
noted that the ore occarred along a northwest-trending
fissure zomne, about 8 m (25 ft) wide, in "birdseye porphyry"
andesite. When Lasky (1932) visited the mine in 1929, the
ore body had already been worked out;' 300 toﬁs of ore
containing 6 to 9 percent copper and some gold were séid-to
have been shipped before 1919 to smelters at El Paso, Texas,
and Douglas, Arizona.

Lasky '(1932) noted that‘ the ore occurred as
_ffacture fillings in shatteréd porphyry and consisted of
chalcocite, <covellite, malachite, and chrysocélla; some
specimens containing: free gold were also sald to have come
from the mine. Lasky (1932) ?epo;ted that the pipelike
orebody was about '15_ m' (50 £t) l'ong, 3 to 8 m (10 to 25 £t)
wide, and at leaétAZS m (%5 £t) déep. An adit was'drivéﬁ at
a 137 m (450 ft) lower elevation to intersect the dowhwar&
extension - of ﬁhe vein but-was'aﬁandoned because ofuswelling
and caving grouand (Lasky, 1932). ‘Though, the 'location eof
that adit i1is not définitely kﬁOWn;'a caved adit Whicﬂ fitg
thé general description givenAby Lasky (l§32)'is located omn
‘the north side of the north fork of Mill Canyon {plate 1).

The 0ld Soldier vein strikes north-northwest about
0.5 km (0.25 =ni) west of Frenchy’'s (Ri%iere's)' cabin.

Minefalization occurs along a shear zone, about 8 m (25 ft)
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wide, in what appears to be a highly fractured and altered
andesite; the shear zone 1lies on or neag“the_Magdalena
cauldron ring fracture zone. Lasky f1932) reports that the
main workings on the south side of Mill Canyon cogsisted of
approximately 305 m klOOO 'ft) ;f. shafts, drifets, aﬁd
cross-—-cuts; at the present time the openings fa ﬁhe mine
have been caved and only a large pit remains. The chief
gangue mine;al was calcite stained black with mangénese
oxides; minox gale;a was found with the calcite (Lasky,
1932). At the present time, sambles taken from the dump of
the large pit contain black calcite, 'galena}_ and‘ minor
chalcopyrite. A small prospect about 0.5 km (0.25 mi) soutrh
along the fault zone also showed ﬁlack—staingd calcite but
no galena.: At the present time an attempt ig being mada to

reopen the main workings. .
Agua Frio Canyon

On the northwest side of Agua Frié Caﬁyon,ain‘
sections 10, 11, 14, and 15 (TBS,RBW’, numergus éerlite
prospects have been cut in fhe rhyolite floﬁs of mid-Miocénei
ageQ' The largest of these prospects lies on thg'qorth'slbpe
of hill "7494" which is located on the common dorﬁer‘of the
sections listed above. {fig. 23). ihe north and . northeast

slopes of the hill have been partially stripped of

v

overburden iﬁ order ' to expose the underlying rhyolite,
vitrophyre, and perlite. In the saddle below the north

slope an adit has been driven about 25 m (85 £t} S30E into
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perlite breccia. It is not known if any'perlite was éhipped‘
from this"area, but the presence of significant amounts of
hornblende and bilotite phenocrysts suggest that theA perlite
was unecqnomic. !

About 1.2 km (0-75‘mi) socutheast of hill "7494“,
in section 14 (T3S, R3W), ligs the Stendel pexrlite deposit
which was prospected in 1950 but never mined (Weber, 1957).
A detailed study‘qf the perlite from that deposit. amnd its
relafioﬁship-to'ovarlying rhyolites and vitrophyres was made

by Weber (1957).
Economic Potential

Exploratory drilling on the flanks of North Béldy
Peak hasnindicated the presence of approximately 50,000 tﬁns
of material grading 5 percent combined zinc ‘and‘ leaq; the
mineralization‘ is found in a hedenbergite~ga¥ﬁet skarn in
the upper Kelly Limestone where it occurs adjacent to; white |
rhyolite dikes and the bufied monzonitiec stock (Elgkestad,:

1978). 1In the North Baldy Peak. area, Blakestad (1978)

recommended further exploration in two locations: i)ualong

the North Fork Canyon.fault west of North .  Baldy,. whepe"he ;;~“

had earlier noted the pfeseﬁce of noréhntrending qgattz'
veins containing lead, zinc, and copper; and 2) on the
westermn, Kdowafaulted side of- the North Baidy fault, justf
east of the éegk, in the Kelly Limestone. |

Blakestad’ s (1978) £favorable agsessment of the

economic potential of the North Baldy Peak area 1is probably
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nof applicable south of the_North- Fork Canfon fdult (the
North Baldy cauldron maréin). Significant mineralization
may not extend south of the faulﬁ, and favorable replacement'
horizons; if'thef exist, ma# “have " been df0ppe¢” by the
collapse of the ©North Baldy cauldron tco deep beneath the
surface for economic recovery.

The North Fork Canyon faﬁlt apparently acted as - a
vertiéal conduit for magmaé and hydfotherqal fluids.
A&jdcent to the fault the Hells Mesa Tuff is strongly
proﬁylitized; this alteration, ﬁowaver, significantly
.decregses to the south away -from the fault. The white
rhyolite dikes associated with the ©North Baldy stock
terminate against the North Ferk . Canyon ffault; the fault
also shérpl& limits the southward extension of the latite
porphyry of Mistletoe Guleh. This suggests that the fault
permits vertical movement of maéma and hyd?bthérmal_fluids
but 1imits their north to south horizontal movement.
Significant ‘mineralization‘ of the-Kelly'Limestone may not
exist south of the'Nortﬁ Fork Canyon fault.

The maximﬁﬁ thickness of the Ma@eyé “Limestone ini_
the northern Magdalena Mountéin$ haé been eétimated-to be
550 m (1800 ft) from a drill hole 1.5 | km (1 7mi)"West of
North Baldy Peak -(Krewedi, 1974). This thickness would
place the Keliy Limestone more than 1830 m (6000 . ft) below
the top of éhe Hells Mesa Tuff if the -following thicknesses
are assumed to be representative for the area immediately

south of North Baldy Peak: Hells Mesa Tuff, 610 m (2000
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ft); Spears Formation, 457 m (1500 ft); Abo Formation 152 m
(500 £t); and Ma&efa Limestone and Sandia Formation, 610 ml
(2000 f£ft). If the Kelly Limestone had been mineralized by
hydrothermal solﬁtions from the WNorth Baldy -s;dck, the
replacement deposits would lie at too great a depth to be of
economic importance. Explo?ation poésibilities in the
thesis area adjacent to North Baldy Peak- are probably not
favorable unless limestone is.presept at %hallowe; depths on
step-faulted blocks.or‘in breccia zones. |

Mineralization of ‘pQSSible ecﬁnomic importance'
cecurs along Baldy Ridge as gold~bearing quartz found in.
fracture f£illings and on the walls of the white rhyolite
dike. Where the presénce of ;he éﬁld-beariug quartz hés‘
been _obéerved, however, its limifed quantity and. erratic
naﬁufa have been stressed (Pardee,'1978). jThe large mnumber
of- abandoned prospects and mineé along the &ikejélso attest
to the érratic.nature of the mineralization. Work has begun
tp reopen the Crestoﬁé Lode ciaim;,the econonic poﬁential pf
the“claim, however, is notfknowﬁ; .‘

kMineraliéétion in‘qpﬁer'Mill fCan&ou;;iboth along
the mafic &iké ‘;nd: in rﬁﬁ; ‘shggf'zonéé.in‘gﬁe andesites
interbedded'iﬁ the ﬁells Mesa Tuff, appe;rs to be of local
o;currence and of no'e;onomiq importénce. Minefalization in
andeéite both ‘at the Wheel, of Foftune mine and at the 01d
Soldier Véin.deserves further: gxamiuation. Mineralization
in both mines follows a north;ﬁorthwest trend that is also

seen in other small prospects on both sides of Mill Canyon.
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Miperaiization may thus extend laterally betheﬁ the Wheel 
of Fortune mine and the- 014 Soldier vein; it may also extend
vertically below the‘zone where minerallzation was observed
to pinch out at the Wheel quFortune mine. Othef factors
which suggest possible economic poteﬁfial"are: 1} locatiegn
on a cauldryon margin, 2 presence of a large white rhyolite
intrusive, 3) consideréblé silicification,i and 4) the
presence of a porphyry with quarté phenocrysts.
Mineralization din the andesites ;f the unit of Sixmile-
Canyon in- Hop Canyon, however, d&es not appear to have any
economic potential.

An assessmeﬁt of the econoﬁic potential of perlite
from the Hop Canyon area was made by Weber (1957). He
cancluded that the presence of non-expandable materials in
thé altered and spherulitic zones, that are presgnt in about
75 percent of the perlite in the Stendel ﬁeposit; made the
development of commexrcial grade perlite difficult. The
Stendel perlite deposit gndz other nearby exposﬁres 'of.
perlite have not been develoﬁed. Perlite exposed elsewhere
in the thesis area is similéf in appearance and ;exture to

that of the Stendel deposit.
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- SUMMARY AND CONCLUSIONS -

The following conclusions can be made from this
study of the western 'flank of the northern Magdalena

‘Mountains south of the Kelly mining district.
Stratigraphy

The rocks iIn the thesis area are predominantly
ash~flow tuffs, interbedded andesite lavas, and an éverlying
rhyolite flow, or flows, all of Oligocene to Miocene age.
In ascending order, from oldest to youngest, the following
units have been identified: Spears Formation, Heils Mesé
Tuff, floﬁ—banded member of the A~L Peak Tuff, unit of
-Sixmile Canyon, tuff of Lemitar Mountains, andesite flows,
tuff .of South Canyon, a xenocrystic andesite,'the lower and
upﬁer members of the Popotosa Fsrmation, and the rhyolilte df‘
Magdalena Peak. With minox additions and modifications'fhis
sequence follows the stratigraphy previously deve;oped for
the Magdalena Mouutains~36corro Peak area (Chapin, 1974;
Chapin, Chamberlin, and- others, 1978). Charécteristics of
the sﬁratigraphy that are unique to the thesis area aré pﬂé
following:

1.} 0utc¥ops of Heils Mesa Tuff between North
Baldy Peak and Mill Canyon contain interbedded lenses of
laharic brecciaé and-éndesite' flows. Southwest of North
Baldy Peak this sequence Ef tuff and breccia is overlain by

sandstones and conglomerates. The material found iIn' the
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breccias 1is of Spears Formation 1ithology and was probably
shed from the topogfaphic-cauldron‘wall and . interbedded in
the Hells Mesa Tuff during  éollapse of the North Baldy
cauldron. |

2.) The andesite of Landavaso Reservoir, céuldron
£fill of the Magdaiena éaﬁl&ron, and the unit of Sizxmile
Canyon, cauldron £1ill of the Sawmill Canyon cauidron, are
considered correlgtive-* The collapse of the Sawmill Canyon
cauldron, closely following that of the Magéalena cauldron,
breached the wall of the Magdaleﬁé cauldron and created a
composite, dumbell-shaped dépressipn. In the area where the
cauldrons_joined, near the head of Miil_Canyou, andesite of
Landavaso Reservoir from the west met and interfingered with
the unit of Sixmile Canyon from the east.

3.) An éndesite contéining qﬁartz Xenocrysts
appears-abové the tuff of South Canyon. If the - kenocrysts
are reméved, the andesite is comp;sitionally similar to La
Jara Peak Basaltice And;site and it mayArep;eéent_ a locally
contaminated flowlcf the La Jara Peak;: The'aﬁdésité is also’
similarﬁ to bgﬂﬁrn's {1978) interﬁeéiafé--lava‘from Wafer
Cany;n Mésa‘aﬁﬂ i; in approxiﬁaﬁely‘ﬁhe ﬂs;mef stratigraphic
interéal.- |

4f). Flow ' directidns for thé deposition of éhe
upper member of the Popotosa Formation were inferred from
pebbie iﬁbrication- Qutcrops 1in the northwestern part of
the thesis area have east~-trending flow directions,

conéistent with a Tres Montosas-Gallinas Mountains highland



142

shedding séiiments eastward- into the Mulligan Gul;h graﬁen.,
In lcentral Hop Canﬁon, flow directions in the lower membef
were northeésﬁ;trending, consistent with yan‘r ancestral
Magdalena highland area shedéing sediﬁents northéard into
the Popotosa basin.

5.) The flow-banded rﬁy;iite_ oﬁ Magdalena Peak.
crops out in a broad belt along -the wést flank of the
Magdalena Mountains. 1In the north portion of the flow, ozt
flows, transport direcfions are mainly sogthward. Magdalena
Peak is the inferred source. The location of other venmts,
to the south, has not been established. | ‘A

6.) The rhyolite of Magdalena Peak shares similar
characteristics with the Pound .Ranph and Socorro
Peak-Strawberry Peak rhyolitiec 1a{as. The extrusion‘ of
these lavas was probably controlléd by the interaction of
the Morenci 1ineameﬁt, cauldron ring-~fracture \zénes, and
north-trgnding extensional faults of the Rio Gxénde éift.
The proximity of the three lavg_.fields and théi cverall
similéri;y of compositions sugggsf a similar origiﬁ.‘

7.) Cylindrical gas céviéies were ogserved iﬁ some
aféas of the_floWHban&ed rhyblite. The orieqtation'bfrfhese
cavitiesu_ appearé.,to be éenerally parallel to .initial
transport direction and- tpey are probabley priﬁary flow
features.. .SQme cavities, howéver, may have developed
concurrent with slumping ;nd secondary folding. |

8.) In the eastern half of the thesis area,

Tertiary dikes and a dome intrude Oligocene rocks. The
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oldest of these intrusions is probably the latite . porphyry
of ;Mistletoe Gulch, which occupies a ring fracture of the
Magdalena_caularon in the Kelly district to the north. The
eastern margin of the area‘isfintruded by ahwhite‘rhyolite
dike along which latey mineral?zafion of the Hells Mesa Tuff
was localized. A large white rhyolite élug‘ intrudes Hells

Mesa Tuff nedr the head of Mill Canyon.
Structure

The major structural featﬁfes of the thesis area
are north-~trending extensional faults associated with the
Rio Grande rift, and the North Baldy, Magdalena, and Sawmill
Canyog cauldrons.

1. The north~trending, eastern margin of the
MagdaiEna cauldron cuts through the gasférn half of the
thesis area where it truncates the west-—trending North Baldy
cauldron margin and exposures of the Helis Mesa Tuff. .

| Z.) A shart éegmen£ of the Sawﬁill ¢;ﬁ§6;ﬁcéuldron
margin meets the Magdalena cauldron at thé southeaét corner
of the thesis area where i; ﬁruncates expésﬁres 6f.tﬁe Hells
Mesa Tuff. | |

3.) Movement assocdiated with regiomal .uplift and
block faulting -of -the Magdalena Mountains betwéen about 7
and 4 m.y. ago probably reagtivated some of the magdaleﬁa

cauldron margin faults.
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Economile Geology

Numerous mines and prospects are found in Hop and

Mill canyons, and along Baldy Ridge.

¢

1.) The major structural 'contials " of
minéraliéation are the ring~fracture . zanes of thg NOr#h
Baldy, Magdalena, and Sawmill Canyon cauldfons, énd the late
Oligocene north-trending exténsidnal faults.

.2.)'Pro§pecting activity in Hop Canyon was 1arge1§;
confined to the first' quarter of the centuxry.
Mineralization in andesite was local and minor; no-
largeuscale mining was undertaken.

3.) A number of small mines and prospects have
been excavated along the silicified margins‘of the white
rhyolite dike on the east side of Baldy Ridge. Interest was
largely directed towards gold in quartz veins and in small
limonite pseudomsrphs after pyrite. AAformerIy abandoned
mine is presently being devéloped; |

4.) Mines and prospects in Mill Canyon have been
.mined out or abandoned. There has been some recent activity
at the 0ld Soldier vein which lies on or near the Magdalena
cauldron margin. Mineralization associated with Ehe Wheel
of Fortﬁne mine and the 0ld Soldier vein déserves fur ther
examination.

5.) Prospects have been cut in the perlite
intervals of the rhyolite of Magdalena Peak in the Agua Frio
Canyon area. No significant mining activity has taken

place.
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6.) Economic potential for the area is variaﬁle:
a) the favorable bhase metal replacement horizons found in
the Kelly district have been downfaulted in the thesis area
lby the collapse of the North Baldy cauldron anquecovery
would probably be uneconomic, b) mineralization of econoﬁic
importance along Baldy Ridge appears limited and efratic,-c)
the mineralization in the Mill Canyon area deserves furtherx
examination becausg of favorable structural and intrusive
characteristics, and d) Weber’s (1857) study of the Stendel
.deﬁpsit concluded that development of commercial grade
perlitel would be difficult because of the presence of

non-expandable phenocrysts.
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