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ABSTRACT

The - southeastern Magdalena Mountains have a complex
middle to late Tertiary geologic histor&. This study
. i . .

drea is located entirely within the Norgih Baldy cauldron,

from which the Hellé Mesa Tuff erupted gboutV32 to 33 m.y.
ago{ The HeilsiMesa Tuff is at léast 2900 feet thick in
the study area. The unit of Hérdy Ridg% (rhyolite lavag
and domes, éﬁglvolcaniclastic sedimenfa%y rocks) f£illed
the North Baldy cauldron after éhe Hell; Mesa Tuff was

erupted. A ) ' i

The A-L Peak Tﬁff (pinnacles membe% ?) eruptea from
the Sawmill Canyon cauldron about 32 m.&. ago. This tuff
is at least 3000 feet thick in the sout?easfern Magdalena
Mountains. The unit of Sixmile Canyon (as much as 2500
feet thick) is a heterogeneous assembla?e of,rhyolite'and' -
andesite lavas, tuffs, and volcaniclast&clseéimentary rocks
that filled the Sawmill Canyon cauldronlafter the A-L Peak
Tuff was erupted.

The part of the Sawmill Canyon cauldron that has been
delinéated so far is roughly elongate in an eéét-northeast
diréction. The east~northeast trending Morenci lineament
may have influenced the shape of the Sawmill Caﬁyoﬁ cauldron.
The northern cauldron margin transects Lhe nofthwe&tern
portion of this study area; part of thiL margin is the ring

fracture and part of it is the topoﬁraphic rim of the cauldron.

‘The southern ring fracture of the Sawmill Canyon cauldron

vii



is exposed in Ryan Hill Cényon; elsewhere, it is covered
with younger rocks. A portion of the southern topographic
rim has been mapped south of this study area. 'A wide zone

between the southern ring fracture and the southern ‘topo-

graphic rim indigates‘that considerable
‘ . \

of the cauldron wall took place. Apparéntly, little or no
| : :

slumping océurred albhg the.nofthern catldron margin in

slumping and caving’

L

this study area. ' ; ' o i
The tuff of Lemitar Mountains érup?ed from‘the Socorro

cauldron about 27 ﬁ.y. ago. The westerﬁ mafgin of this

cauldron may pass through this study ér%a. If it does, it

is a hiﬁgé zone on a trap—doér cauldronl The tuff of'iemitar

Mountains thlckens sllghtly across thls‘cauldron margin,

but it is unusually thlck outsida the c?uldron. This may

be because the tuff of Lem;tar Mountaln? ‘partially filled

a depression remaining-in_tﬁe'Sawmill C?nyon cauldron.
Sedimentary rocks and interbedded iava flows in the

Santa Fe Group cover several square miles in the eastern

portion of the study area. -A number of‘regibnal and local

Iunconformities exist between the youngest rocks of the Saﬁta

Fe Group and the Oligocene rocks. ;

Numerous faults associated with extension of the Rio
Grande rift occur in the study ares. The transverse shear
zone, which transects the northwestern portion of this study

area, separates fields of oppositely tilted. fault blocks.

Most of this study area is south of thejtransﬁerse shear

zone, where the strata dip to the east %nd most of the faults
viii e
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dip to the wesgﬁ'vHowever;'some of the %trata in the north-

western portion of the study area (on the_transverse shear

zone) dip to the west. The structural éeformation that
produces the tilted strata has been cal}éd "domino—-style”

faulting. This style involves progress%ve tilting of

both the strata and the faults. New fa#lts form when the
older faults become too‘shallow for mov%ment to occur on
them. ' , %

The Sawmill Canyon cauldrob was thé major struétural
control for most of the mlnerallzatlon kn thlS study area.
Gold and silver mineralization occurs along the northern
cauldron margin. This mlnerallzgtlon 15 closely assoc1ated

with white rhyolite dlkes that 1ntruded‘north trending
faults and the east-trending ring f;acthre of the Sawmill -
Canyon cauldron. Manganese‘mineraliéation occurs in a
wide zone Eetween the southern ring fracture and the southern
topogfaphic rim of the Sawmill Canyén cégldron. It is
especially intense at the‘intersegtion pf the ring fracture
of the Sawmill Can&on'cauldron with thefhipge zone of the
Soéorrb caqldfon. A regional potassiuﬁ{métasomatism has

affected some of the rocks in the study‘area.—
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INTRODUCTION |

Purpose of the Investigation T

|

The objectives of. this study are:+ 1) +to define the

N | . . N
volcanic ‘and sedimentary stratigraphy of the southeastern

.....

’ \
graphic section in the SocorroﬁMagdalePa region, 2) to

map and ihterpret the geology of overlépping cauldrons
located within the thesis area, 3) to @ap and.intérpreﬁ
extensional structures within the thes%s'area that may be

related to the Rio Grande rift, and 4)ito evaluate the
mineral potential of this area. : *
Location and Accessibilitf !

The studyAarea covers about 35 squaré miles in the

southeastern Magdalena Mountains, Soco#ro]County, New

Mexico. The area shown in Figure 1 is bounded on the

1

northwest by Timber Peak, on the southﬁest'by ftalian
Peak, and on the east by the Chupadera|Mountains. Figure
2 shows the general physiographic features of the a;ea}_
surrounding studies, and access routes. About’oné—half,of
the study area is in the Cibéla National Forest. The’

study area can be reached frbm U.S. Highway 60 by followin§
Forest Route 235 to the Water Canyoﬁ Cgmpground. An ﬁn—
paved portion of Forest Route 235 continues Seyond the
campground to the Laﬁgmuir Labo:atofy én South Baldy.

This road passes through the northwestérn portion of the
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study area ésecs. 3, 4, and 5, T. 4 S;; R. 3 W., unsﬁrvéyed,

. and sec. .34, T; 3 8., R. 3 W.). The égstern.po;tion

.can be reachedlby'follgwing_ah un?aved road which leaves
U.S. Highway 60 -about 6}5 ﬁﬁleé"ﬁaé;iof Socorro. This

foad passes.the Pound Raﬁch and céﬁtinges south?southwest'
unti} it connects with Forest ﬁguﬁe 4%2.' The eastérn portion
can also be reached by-folldwing_lnterséate Highway 25 |

Eo the San Marcial exit, then folléwing.forest Réugé;

472 northwest.

oy

Physiographic Setting

.

A ﬁigh; north-trending ridge connecting'fimber”Peak
(10,510 feet) and Italian Peak (9,052 feet) fo;ms:the
western,boundéry of the study area. South Canfoﬁ and Six-
mile Canyon.ﬂxainrnortheastward from the north end of‘thiéﬁ_x
ridge; Ryan Hill Canyon, the largest canyon iﬁ the study ‘e
area, drains southeastward along the east side of this
ridge. About 2500 feet of topographic relief exists
‘Eetween Timber Peak and the floor of Sixﬁile Canybn, 1.1
miles to the east. The loweét'elevétions-(5600—6200 feet)
are found in the north-trending graben that separates the
Magdalena and Chupadera Mountains. Figﬁre 3 is a pandramic
view which shows some of the features mentioned abovet

Most of the southeastern Magdalena Mountains are
dominated by east-tilted fault blocks,isdme of which form

prominent hogbacks. A transverse shear zoneg (Chapin and

others, 1978) transects the northwestern portion of the



Ttalian feaK : Eq}fcrh riv of ﬂyan'HHl Can/on S K
J"Tlﬂlbﬂr\' fta’f T Maline Peak

i Figure 3. Panoramic view of the thesis area from the southeast. The north-
trending ridge connecting Timber Peak (10,510 feet) and Italian Peak (2,052
feet) forms the western boundary of the thesis area. Molino Peak (8,902
feet) is the highest summit east of Ryan Hill Canyon. The eastern boundary
of the thesis area is located in the western Chupadera Mountains. A better
view of the Chupadera Mountains can be seen in Figure 18. The distance
between Italian Peak and the eastern boundary is about 8.5 miles.



apéa. North éf ﬁhié trénsverse shear zone, the:strata
dip to the‘west."Five overlappihg éaulﬁroﬁs haﬁe been
found in the Magdaiené Mopntains;jthe s£udy'area inc;udes
portions of thfee of”these &aﬁldrons. In the easternmost.

portion of the study area, nearly flat-lying Pliocene (?)

basalts cap-older sediments of the Santa Fe Group.

Previous Work

Winchesteri(1920) ekamired the volcéhic roéks along
the northern edge.of the Datil-Mogollon volcanic‘field
and named them. the Datil Formation after the Datil
Mountéins. His type seétion, however, is at the north
end of.the_Bear-Mountéins. 'Léughi;n and Koschmann {(1942)
published a detéilgd'study-of the geology and ore
deposits oﬁ'the Kelly mining district. -Kalish (1953)
- studied the geology of the Water Canyon area northeast
of this study area. Miesch (1956) mappéd the Luis Lopez
manganese district and the northern Chupadera Mguntains.
Tonking (1957) published the first detailed study of
the volcanic rocks in the Datil Formation north of Magdalena.
He mapped the Puertacito quadranglg and divided the Datil
Formation into three members; from oldest to youngest
these areAthe Spears, Hells Mesa, and La Jara Peak Members.
Givens (1957) mappéd the Dog Spring Quadrangle and divided
the Hells Mesa Member into seven mappable units. Weber

(1963) excluded the La Jara Peak Member from the Datil d



" ey
aen

Formation. Later, Weber (1971) elevatediﬁhe batil For-
mation t6 groﬁp statuS{' fhe Spears, Hells Mesa, and La
Jara Peak Members weré raised to formational status

by Chapin (197ia). _Bfown (1972) mapped the southern

Bear Mountains and subdivided the Hells Mesa Formation
into two informal units: +the tuff of G;at Spripgs and the
tuff of Bear’Sprinés. The Hells ﬁgsa F@rmation has since
been restricted‘tO‘fhé gquartz-rich, crystal-rich ash-flow
tuffs that are the basal uni£ of Tonking's.Heils Mesa
Member and the tuff‘of éoat Springs of Brown (Chapin, 1974;
Deal and Rhodes, 1976).. The tuff of Bear Springs was ’
renamed the A-L Peak Rhyolite by Deé; and Rhodes (1976).
"Elston (1976) recommended that the term Datil Group be
abandoned. | \

Recently, a number éf theses and dissertations have -
been éompleted in the Socorro-Magdalena-area which have
further defined the vblcanic and sedimentary stratigraphy.
.. Figure 2 shows the locatioﬁ of published maps”and maps in
preparation in the Magdalené and Chupédera Mountains.
Krewedl (1974) studied the éeology Qf'the'cent;ai Magdalena
Mountains in order.to evaluate the ecqnbmic potential of
that area. A portion of the southern part of Krewedl's
aréa was fema?ped for th;s study. Blakestad (1978) mapped
and described the geology of the'Kelly'miﬁing district
in the northwestern Magdalena Mountains while Osburn (1978)
studied the geology of the southézsferé Magdaléna Mountains

. just north of this-thesis area. Bowring (in preparation) .




‘mappea'the upper Sawmill Canyon areé concurrently with |
this stud, and shé;ed'a common boundary-along the cresp
of Timber Peak. Roth (in progress) is mapping the‘iower
portion of Sawmili Canyon, west-southwest of this stqdy
area. Other recent studies in‘thé Socorro-Magdalena area
" include those by Park (1971), Bruning (1973), Deal (1973),
‘simon (1973), Woodward (1973), Chamberlin (1974), Siemers
(1974, 157-8), Deal and Rhodes (19-76), Spradiin (‘19‘76),
Wilkinson @1976), énd Tovenitti (1977). The contribﬁtions
of these and other authors will be discﬁssed in more
detail in the.sections on étiatigraphy and étructure.
This study area is loééted in the Rio Grande rifp; summary
papers on this continental rift have been ﬁublished by

Chapin (1971b), Chapin and Seager (1975), and Cordell

(1978} .

-Methods of Investigationn-

Detailed geologié mapping_waé‘done at a scale of
1:24,000.on a bésexmap COnSistigg of parts of the Molino
Peék and South Baldy 7 i/z—minuté-quadrangles. Aerial
photograpﬁgmof the GS-VAVL.series (8-6-64; scglé, 1:34,682
and 1:8,276) and the GS-VMA series (3-7-56; scale, 1:9,317)
.were used as an aid in locating ouécro?s and making .
structural interpretatibnsf Approximately nine to ten
months of field work wére done between June, 1977 and
November,'1978. |

Ninety-three thin sections were made from samples
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collected throughédt ﬁhe_étudy area. Mést of the thin ;,
sections were stainéd for potassium-with_sodium cobal-
tinitrite {after Deer, Howie and Zussmén; 1966, p. 311). =
Petrograpﬁic analyéeé'were doﬁe on a Zeiés binocular
microscope. All-samples were described using the peé}o—
graphic‘classification of Travis (1955). Visual estimates

were used to determine the mineral abundances.

o
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STRATIGRAPHY AND PETROGRAPHY
L

Pre~Tertiary Rocks

Pre-Tertiary rocks are not exposed in the study area;
but they do crop out about one-half milé north of the étﬁdya?
area. . The'preﬂTerﬁiary'récks in~the central Magdéleﬁé_
Mountains have been describeﬁ reéently gy Krewedl'(l974);‘
Siemers (1974, 1978), and osburn (1378). | |

The closest ﬁrecambrian'rocks é:;p out along Water
_Canyon about 1.5 miles northeast of the study areé. These
rocks are metasedimen#ary rocks mapped as a;gillite by

Krewedl 01974).,.Fur£her north,.Krewedl also mapped
Precambrian granite intruding the argillite.’ Sﬁmner

(in preparétion} has mapped the Precambrian rocks in the
north-central Magdaleha Mountains. o ‘ |

The“Paleoibic rocks in}the Magdalena Mountaiﬁs have =" .
been discussed by Laughlih and Koschmann (1942), Armstrong
(1958, 1963), Kottlowski (1960, 1963), Krewedl (1974), |
Siemers (1974,';978),‘B1ake9tad {1978), and Osburn (1978);:
Krewedl (1974) divided ﬁhe ?aléozoic rocks_in-the'central
Mégdalena Mountains‘iﬁto five map units. The ol@est qf:
tpese ié the Mississippian Kelly Liméstone, which is.a |
light-bluish-gray, medium- to coarée-érained, crinoidal
biosbarrite and is}apﬁroximately 80-100 feet thick in the
ﬁaﬁer Canyon area. Above this is the Sandia Formation of
Pennsylvanian age, which Krewedl (1974) divided into a

lower quartzite member and an upper shale member. The
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.SanQig Formation is»approximateiy 550 feeﬁ'thick in thé_
Water Canyon area. The thickést Pélébzoic unit in the

Watexr Canyon area is the Pénnsylvanian Madera Limestone,
which is as much as‘1800‘feet thicﬁ in’the central Magdalena
Mountains (Siemers} 1978).. The Madera ILimestone is mostly

a thick, ﬁoﬁogeneoﬁsiseqnence of gray to black micritic.
limes£one, although the lower part contaiqg soﬁe-interbedded
'quértzose sandstones.A'Thé contéct between the Madera
Limestone and the undeflfing Sandia sandstonéé and shales

is gradationél; Krewedl placed the base of the Madera
Limestone at ﬁhe ﬁorizon above which limestone'predomipateé
over sandstone and shale.,}In the Water Canyon érea,

Krewedl (1974) reports ﬁhat the Maaera Limestbﬁé ié
overlain by the Spears Formation of Oligocene age; further
"north in the Magdaiena Mountains, the ﬁermian Abo formaﬁion

separates the Madera and Spears -Formations (Laughlin and -

Koschmann, 1942}.

e -

Tertiary Volcanic and Sedimentary Rocks:

During the late Eocene, central New Mexico was eroded
to a suf;ace of low relief.(Epis and Chapiﬁ; 1975). Because
of this erosion surféée, Oligocene %olcanic rocks'were '
'able to spread over large areas in central New Mexico.

The basal Oligocene rocks in the Magdalena area are
andesitic and latitic conglomeratés, laharic breccias,

and sandstones of the Spears Formation. Lavas and ash-~-flow

tuffs of similar composition are abundant in the upper -
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Spears Formation. The_Spears is typidal @f fhe aﬁdesitic—
latitic a;rons of volcenic -and volcaniéléstic rocks found
at the base of the foreland volcanic fields of the western
_ United States (Lipman and oﬁhers,.l9703. After'déposition
of -about 2006 feet of the Spears Formation, extensive ash~flow
tuff sheets were formed by'pfrbclastié eruptions from
cauldrons in south-central and southwestern New México,
" In the Magdalena Mountains, severél of'thesé céuldfons
overlap one another (Fig.’ZO); thick piles of lavas, tuffs,
and volcaniclastic sedimenté usqally‘fill éach cauldron.
Beginning in late Oligocené—é%fly Miocene time;.basins
formed along the Rio Grande rift énd were filled with
clastic sediments of‘the Santa Fe Groﬁp; Basaltic 'and
rhyolitic lavas are interbedded with these sediﬁénts‘in
the study area. All of the récks exposed in the area
mapped are Ceno;dié in age. Stratigraphic columns depict
the Oligocene units in Figure 4 and Miqcene-Pliocene units

in Figure 13.

Séears Formation
The épears Formation 1s a group of interbedded volcani=-
clastic sedimentary rocﬁs, lava flows, and ash-flow tuffs ]
which represent the beginniné of Oiigocene volcanism in /
the Socorro-Magdalena area. - Tonking-(l957) measured a
thick section of thesé'rocks on the—Guy Spears ranch in the

Puertecito Quadrangle and named them the Spears Member

of the Datil Formation. Chapin (197la) raised the Spears
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Figure 4,
eastern Magdalena Mountains.
modified after Chapin and others, 1978, and Osburn, 1978.

" LAVAS and minor NUD-FLOW DEPOSITS:

13

—Tuff of Nouth Canyons 26 m.y, (0-700 £t,) ASH-PLOW TUFFS: multiple-flow,

slmple cpollng unit of rhyelite ash-flow tuffa,  lower zone of li.-pry..
poorly (o densely welded, xl.-poer tuff w/"botryoldsl™ pumice and lithice-
rich lenses.- Upper zong of med,-pry. to prple-pry., mod, to densoly welded,
mod, xl,-rich tuff w/chatoyant sanidine and euhodral gtz.

{0-700 ft.) REYOLITL: xl.-poor, spherulitic, rhyolite
dome nd lava Slows, pry.-pk. Lo ey

FT¥.: denso, basiltle andesites whith abun, small, rd., hematized ferromag.
phen, .and no feld. phen, Bome have abundant olivine and some feld. phen.

Iggfs: {0-300 ft.) ASH-FLOW TUFFS and minor SANDSTONES: thin, poorly wrlded,
ash~flow tuffs and voleaniclastic ss. beneath rhyolite lava in Ryan Hill Canyon.

Tuff of Lemitar Mountains: - 27 m.¥. {(1000-2000 ft.} ASH-FLOW TUFFS:
rhyolite, wuliiple-flow, comp. zoned, simvle 1o compound cooling wnit.
Lt.-gry. to pele-rd., 1-feld., x1.-poor, lower member 200-800 #t. thk.
iled.-rd., xl.-rvich, qtz.-and biotitc-rich, 2-feld., upper member 800-1200
ft. thk., Source is Socorro cauidromn, ..

.

1

nit of Sixmile Canvon: (10002000 ft.) ANDESITE to BASALTIC ANDESITE LAVAS,
RUYOLTIE 2 avas, ASH-FLOW TUFFS, LAFARIC BRECCIAS and SANDSZONES: cauldron

- T111 of Sawmill Canyon cauldron; lower interval of xl.-poor, pk. to lt.-gry.,

rhyolite lavas, tufis and lithic-rich ss. overlain by dense, gry. to gry.-
prol., andesite lavas interbedded with pale-rd. to pk.-gry. rhyolite lavas
and minor dk.-gry. te prpl.., heterolithie, laharic breccias. Thin ss. and
siltst. overlie the lavas in places. TUFF OF CARONITA CAkYON (in unper part
of unit) is a multiple-flow, simple cooling unit of agh-flow tuff consisting
of a lower member of brick-rd. to gry., xl.-poor, andesite ash-flow tuff and
zn upper member of gry. Xl-rich, qta.-rich, rhyolite ash-flow tufi; qtz.- and
feld.-rich ss. occcurs near top of uwnit, "La Jara Peak like" bLasaltic
andesites overlie these and underlie the tuff of Lemitar Mountains,

A-1 Peak Tuff - ninnacles member{?): 32 m.y. {3000+ f%.) ASH-FLOW TUPFS:
rhyolite, densely welded, l-feld., xil,-poor, pumiceous, tuffs; gry. to rd.-brn.
with gry.-vd, to brn, pumice., Yeathers to small, platy talus; pumice lineated.
Unit believed erupted fros Sawmill Canyon cauldren; probably correlative with
pinnacles member. Base not known, but unii is minimally several thousand ft.
thick. Gry. to pnk, rayolite lavas with 10-15% phen. of sanidine and qt2.,
lithic~rich s8. and thin, poorly welded tuffs interbedded in upper part of unit,

{#00-000(?) ft.} RHYGLITE LAVAS and DCMES, ASH-FLOW
TUFFS and SAMNDSTONES: cauldren fill of North Baldy cauldren. MMostly pk. to
gry.,» Xl.-poor rhyolite lavas and domes. Thin, peorly welded, ash-flow tufis
and med.-crs,~gnd., lithic-rich ss., overlie the rhyolite lava.

Unit of Hardy Ridge:

Hells ¥esa Tuff: 32-33 m. y. {2000+ £t.) ASH-FLOW TUFFS: rhyolite, multiple-

flow, simple cooling unit, denseiy welded, xl.~rich, qtz.-rich, 2-feid,.-mass,
tuffs. Pk. to rd.-brn. when fresh, gry. when propyl. altered, Weathers to
blocky bidrs. Basal tuffs similiar to tuff f Granite Nen.; abrupt increase -~
in qtz. 10-25 ft. above base. Source is North Baldy cauldron.

Speare Formation - upper lavas and breceiasr (500 f£t.) ARDESITE to LATITE
mostly denge, latite to andesite lavas,
prpl. to dk.-gry. One type is aphanitiec latite; other type is porphyritic
andesite. Contains minor interbedded andesitic to latitic mud-flow breccias.

Spears Forma?ion ~ tuff of Granite MNountain: (400-500 f+.) ASH-FLOW TUFFS:
latite, multiple-flow, simple cooling unit, densely welded, xl.-riech, lithic-
rich. qtz.-poor, mass. tuffs; rd.-brn when fresh, dk.-grn.-gry. when propyl.
altered.

Spears Formation - “turkey track® andesite: (500 ft.) ANDESITE LAVAS: gry.-
rd. to prpl. porphyritic andesite with crudely flow-aligned plag. phen.
Underlies tuff of Nipple i4n, in northern Kagdalena Mts.i tuff not reccg-
nized here.

Spears Formation = lower volcaniclastie unitt 37-33 m. y.(1200 ft.)
CONCLOERRATES, WUD-FLOW DEPOSITS, SANDSTONES, LAVAS, and ASH-FLOW TUFFS:
volcaniclastic apron of latité to andesite comp.; deposits coarsen and contain
more volcanic units upwards and to the south of the Socorro-Magdalena area.

Oligocene stratigraphic section for focks in the

Graphic sections and descriptions
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. to formational status; howevef, the terms Datil Formation
and Datil Croup'(Webér, 197l)jhave been abandoned (Elston,
19?6, p. 134}. Burke ané others (1953) reported a XK-Ar
date of 37.1 m.y. from biotite in a boulder from the upper
part of the Spears.

The Spears Formation is found 6nly in the northwestern
portion of the study afeé (secs. 3 and 4, T. 4 8., R. 3 W.,
unsurveyed, and secs. 33 and 34, T. 3 S.,.R.'Q W.) along
the road to Langﬁdir Laboratory. It covefs about three
. quarters of aAsquare mile. According to Krewedl (1974),
the Spears formation-unconformablv overlies the Madera
Limestone in most places, however at the head of Patterson
Canyon, it overlles the Abo Formatlon. The base of the
Spears Tormation is not exposed in this study area.

The'Spears Férmationrhas séveral different rock types
which may undergo marked facies chanées from one area to
anotherl Brown‘(1972i; Chamberlin (1974), Spradlin (1976}
and Wilkinson (1976), divided the Spears Formatlon into
upper and lower members. In general, the lower member
consists of andesitic—latitic volcaﬁiclastic conglomerates
and'sandstonés.with miﬁor lava floﬁs} while the upper
member consists of latitic ash-flow tuffs, andesitic go
latitic leva flows, laharic breccias and other sedimentary
rocks. Usually the bouﬁdary between the tw? member: 1s

placed at the base of a "turkey track" andesite that

underlies the tuff of Nipple Mcuntain.
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The Spears.ﬁormation has,fecéntly beeh mapped in the
Magdaleha M&untaﬁns~£y Krewedl (1974), Blakestad (1978)
and Osburn-(l978);'71n the central ﬁag@alena:Mountains,
the tuff of Nipprle Mountain'ié not pfééent, Here, Krewedl
(1974) divided ﬁhe Speafs Fdrmation into threé mappable
units, with a "turkey £rack® andesite (middle member)
separating ag ﬁpper member from's lower mémber. “According
to Krewedl, the. “turkey track" and951te he mapped is
equlvalent to the "tulkey track" ande51te mapped by Brown'
(1972). 1If this correlation is correct, then Krewedl'’ s
middle and upper members are eéuivalent to Brown's upper
member. . Krewedl's lower member is hét exposed in this
thesis area, bu£ his middle aﬂd uppér members are. For
this study, the Spearé Formatioﬁ'was divided into three
mappable units, which‘from oldest to youngest are the
"turkey track" andesite, the tuff of Granite Moﬁntain,
and an upper unit of andesitic- latltlc lavas and - laharlc
breccias. The tuff of Granite Mountaln and the upper
unit of andesitic-latitic lavas and laharlc breccias were

mapped together by Krewedl as his upper mémber.

"Turkey Track" Andesite. A distinctive series of

.porphyritic lava flows, which exhibit a "turkey trackJ
texture imparted by a subpa#allel alignment of plagioclase
phenocrysts, covers about one guarter of a square mile in
the nqrthwestern portion of the study area. They crop

out along the Langmuir Laboratory access road and continue
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northwestward into. the area mapped by Krewedl. Tﬁe

"turkey track" ande31te 13 probably about 550 feet.thick,
but faultlng makes 1t dlfflcult to get an accurate estlmate.
‘The base of the "tdrkey track“ andesxte iz not exposed in!
_-ths thESlS area, but lt 1s exposed less than 0. l mlle
north of the northern boundary in sec. 34, T. 3 S.,
R. 3 W. - '

Outcrops’ of the “turkey track" ande51te are poorlj
exposed and scattered because 1t weathers very ea811y
and is often covered by colluv1umf Some of the best ex-
posures are found alonéfthe-road to Langmuir Laboratory;
elsevhere, tte "tﬁrkey-traok" andesiterusually'fotms
isolated, rounded outcrops eeparated'by talus and soil.
The joints vary from being roughly planar to highiy
irregular; consequeﬁtly,.the.taius and oolluvium'blocks
vary from angulat to somewhat rodnded.‘ -

The "turkey track" andesite is purple to gray when
fresh; but it”;s_freduently a%tered to a greenish-gray
coleor in the study afea.l It.usually contains 20 to 40
percent plagioclase phenocrysts in an aéhanitic matrix.
These plagioclase phenocrysts are tabular and vary from
1 mm to about 12 mm in length, but they?are fairly uniforg
in size within any 'one specimen. The thickness of the
unit and the variations in plagioclase aize and abundance
suggests that there are several flows; however, it was

not possible in the field to map individual flows.

- Amygdules filled with calcite, celadonite, chalcedony,
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and quafﬁéiage'commbn_inifgéx"tﬁx%éy.tfaékf aﬁdesité;'

In thinhéectioh,-the "tﬁrkey track“ andeéite'cohsiéﬁs
of aboutfjo pergénﬁ phenoérysts 6f'euhedra1‘p1agioclése
(Angg; Midhél—Levy meﬁhod,‘éigrainé) distributed in a
subparallel alignment (see f;g. 5). Thefplagibclase.
varies from about 0.5 to 5 mm in length and a&érages
about 2.0 mm.'.These plagioélése pheno¢rysts_arélalways
partially éltered to clays, fine—grained.qgarﬁz, aﬁd
calcite(?). Thé rock also contains about 10 pércenﬁ
xenocrysts(?5 that have been altefed to a porous honeycomb-
like structure of fine-grained guartz and clays. The -
xehocrysts(?) often exhibit eight-sided euhedral outlines
that range from 0.4 to 4 mm in diameter and average 1.8 mm.
The rock also contains about .2 to 3 percent magnetite énd
about 1 percent pyroxene'(probably hypérsthgne), which is
about 0.5 mm in diameter. “The métrix‘consists ﬁgstly of
small crystals of plagioclase (average length about 0.1 ﬁﬁ).lf
About 10 percent of the thin section éénsists of hematite,

which occurs as tiny blades and irregular masses replacing

the groundmass. o

Tuff of Granite Mountain. The ;uff of Granite Mountain

is a latitic, crystal-rich, quartz-poor, ash~flow tuff-which
overlieé the "turkey track" andesite in the area mapped.

It is a densely welded, multiple-flow, simple cooling unit
(Chapin and others, 1978). The tuff of Granite Mountain

is an informal name proposed by Chapin (1974). The type

[
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Figure 5. Photomlcrograph of the "turkey track" andesite.
The blocky, euhedral phenocrysts are altered plagloclase.
The subparallel alignment of these phenocrysts gives the
rock its distinctive "turkey track" texture in hand speci-
men. The large grain on the right side of the photomicro-
graph is part of a xenocryst (?). These xenocrysts consist
entirely of a fine~grained aggregate of clay minerals and
calcite and are too altered to identify. ALl of the rocks
in the northwestern portion of the study area have been
intensely altered. The plagioclase phenocrysts in the
"turkey track" andesite are always partially altered to
clays, fine- grained quartz and calcite. The alteration
products seen in this photomicrograph (gray, cloudy
material) consists mostly of clay minerals. Most of the
opaque minerals in the groundmass are secondarv hematite.
Crossed nlchols, 31.25x.
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~locality is on Granite Mountain northeést of Magdaleha.
The tuff of Granite Mountain wasrincluded-by Krewedl
{1974) in his upper member. fhis tuff has also been
@escriped by Brown (1972), Chamberlin {1974), Wilkinson
(1976) , Blakestad (1§78), and Osburn (1978). It covers
about one quarter of a square mlle, or le¢s, in the
northwestern portlon of this study area wheme it is about
500 feet thick. In the Tres Montosas area, the tuff of
Granite Mountain ié immediately overlain by the Hells
Mesa Fommatlon- however, in thl? study area, the two tuff
units are always sepagated,stratlgraphically by a series
of lava flows and@ breccias. |

In hand specimen, the tuff of Granite Mountain is a
moderately to densely.welded, crystal-rich,.quartz~poor,
lithic-~rich, latitic ash-flow tuff; Plagioclase, éaniéine,
and biotite are the predominate-phenocryéts. A few percénty
lithic fragments are usuaily preéent;”the most common
. lithic fragments are red-to-gray, fine>grained ande51tlc
fragments that are usually about 0.5 to 3 cm in: dlameter
Pumice is present in amounts ranging from about 2 to 10
percent. The rock is usually purple when fresh; but it
is freqﬁently altered to_é green color. The best exposures
of this tuff are on the road to the Langmuir Laboratory;
‘Llsewhere, scattered outcrops are ﬁsually low, :6unded
exposures partially cove;ed with colluvium.

In thin section, the tuff of Granite Mountain contains

50 to 60 percent phenocrysts, 5 to 10 percent lithic
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fragments, and abbuﬁ 5 perqeﬁt pumice. -A}l the feldspars
are highly'gltered, sé'ié is difficul£ to estimate ébun—_
dances. About 80 to- 90 peréen£‘of thé(phenocrysté are
feldspars, and it appears tlat plagioclasé (andesine) is
four to five times as abpndantfas pofash feldspar. Héwever,
_ some of the feldspars aré-too altered to identify. ©Previous
workers have reported that the plagioclase is only slightly
more abundant than the ﬁoﬁash feldSpar.l The feldspars
have an average grain size of about 1.1 to 1.2 mm, but
some phenocrysts are’'as much as é.6 mm long. In thin
section, the tuff also confains about 4 to 5 ﬁercent biotite,
2 percent magnetite, 1 pércent'quéftz and aAtrace of pyroxene.
The quartz averages about 2.7 mm in aiameﬁer and is deeply
embayed. The pumice aﬁd matrix are devitrifie& and altered
ﬁo'the point that littlé vitroclastic texture remaips.'

The pumice is'now'moétly represented by streaks of vapor-

phase quartz and hematite stain.

Upper Unit. In some parts of the Magdalena area, the

tuff of Granite Mountain is immediately overlain by the
Hells Mesa Tuff (Chamberlin, 1974). In this study area,
however, the two tuffs are separated by'a group of
andesitic to latitic lavas and mud—flowEdeposits which
were mapped as the upper unit of the Spéats Formation.
These rocks cover about one quarter of é square mile, or
less, and are about 500 féet thick.

At least two different lava flows are present. One
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is a porphyritic aﬁdesite with -10 to 20 percent feidspar .
phenocrysts, that are as much as 1 cm in length. The
fgldspars are usualiy alfered to a white or light-~green
color. The other lava flow is a verwaineugrained_latité
or quartz latite. Both lavas aré very dense- and gray to
grayish—puréle when fresh. They usually break along joints
to form sharp,. angular. talus fragments. Occasionally, .
mud£low cénglomerates;§nd breccias are exposed in the
upper unit. - This rock tjpe consists of unsorted, un-—
stratified, subrounded to angulaxr, andesitic and latitic
fragments iﬁ a muddy matrix. The.porphyritic lava appears
to be the most abundant of the three rock types in the
upper unit; the crystal-poor la&a‘is next in ébundance.
The mudflow deposits are exposed in only a few places.

In thin section, the porphyritic lava contains about
10 percent phenocrysts of fe}dspar, some with a glomero;
porphyritic texture. Most of the phenocrysts are subrounded
plagioclase'(andesine,to labradorite); although about 2 to
3 éércent.of-the rock is sanidine pﬁenocrysts. The |
feldspar phenocrysts average aboutA3 to 4 mm in diameter,'
but may be as much as 6 mm in diameter. The feldspars
are all partially altered to glays and finemgraiﬁéd guartz.
Five to € percentrof the rock consists of opaque minérals.
About one-half of this (2 to 3 percent of the_rock} is
probably primary‘magnetite. The remainder‘consists Qfl
hematite and magnetite which have replaced biotite(?)r

~or other mafic minerals. "The‘grOundmass appears to have
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been holocrystalline,'although it has been‘altered and
partially replaced by other minerals. It consists ﬁainly
of feldspar microlites (about 0.05 mm'ioﬁé), but also
contains iarger fragments of feldspar crystals, a few of
which range in size up to tha£ of the phenocrysts. Most
of the small feldspa£ crystals are highly,altered,‘but
they are probhably plagioclaée; There-is a crude sub-
parallel alignment qf the crystals in theig;oundmass of
this rock. About 5Apercent”of the rock in thin section
is secondary quartz; traces of pyroxene are also present.
The fine—graihed lava discussed earlier is a latite
or quartz latite. The average size of phenocrysts in thin
section is abou£ 0.1 mm; the largest phenocryst'observed
was about 0.3 mm:in diameter. This rock appears to be
holocrystalline, but it has been partially o completely
7altered in some places. In thin section,-it contains
approximately equal amounﬁs of plagioclase (An 2) énd
» sanidine. About 5 to 10 percent quartz and 3 to 5 percent
magnetite phenocrysts are present in the rock. . About 5

pergent hematlte occurs as a replacement of other minerals.

ﬁells-Mesa Tuff
. The Hells Mesa Tuff is a“multiple—flow, simple cooling
unlt of densely welded; crystal—rlch, quartz—rlch ash~-flow
tuff (Chapin and others, 1978).. Detalled petrographlc
work by Brown (1972), éhémberlin (1974), and Spradlin

(1976) has shown that the Hells Mesa Tuff is a quartz
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latite to rhyolite in mineralogical coméositiOn. Tonkipg
{1957) originally named the Hells Mesa Member of the Datil
Formation after Hells Mesa in the eastern Bear Mountains.
His type locality was in tﬁe'Puertecito Quadrangle (sec.
31, T. 2 N., R. 4 W.). The Hells Mesa wés'elevated to
formational status by Chaéiﬂ (1971a). Brown (1972) con-
ducted a detailed study of the Hells Mesa Formation and
. divided it into the tuff of Goat Spring and the tuff of
Bear Springs. Chapin (1974) and Deal and thdes (1976)
restricted the Hells Mesa Tuff £o the lower, qrystal—rich,
lquartz-rich unit, formerly called the tuff of Goat Spring
by Brown (1972). Brown's tuff of Bear Springs was renamed
the A-L Peak Rhyolite by Deal and Rhodes (1976). K-Ar
dates obtained from the Hells Mesa are 30.6 f2.8my.
(Weber and Bassgett, 1963; Weber, 1971), and 32.1 *+ 1.5
and 32.4 f 1.5 m.y. (Burke and others, 1963).

© The Hells Mesa Tuff wés first studied in the Kelly
mining-district of the Magdalena Mountains by Laughlin
and Koschmann (1942), although they mistakenly iﬂterpreted
it to bé a rhyolite porphyry sill. Blakestad (1978) has
remapped the Kelly miﬁing district and'Krewedl {1974)
and Osburn (1978) have mapped some of the Hells Mesé.Tuff
in the souph—éent;al and southeastern parts of the
Magdalena Mountains, rgspectively. Based on their mapping,
the source of the Hells Mesa Tuff has been determined to
be the North Baldy céuldfon (see Fig. 20, and Chapin and

others, 1978). The Hells Mesa Tuff mapped for this thesis

-
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is entirely within the North Baldy cauldron. Exposures
of Hells Mesa aretéut off to the south by the yéunqer
Sawmill Canyon cauldron (see Plates 1 and 2). |

The Hells Mesa Tuff is found 5n1j in the northﬁestern
portion of this studyiarea (secs. 3, 4, and 5, T. 4 S.,

R. 3 W., unsurveyed, and secs. 32 and 33, T. 3 S., R. 3 W.)
where 1t covers an area of about l.5_Sq@are Qiles. Krewgdl
(1974) reports an angular unconformity between the Hells -
Mesa Tuff and the Spears Formation in the-ceﬁtral Eﬁgéalena
Mountains, but exposures were inadequate to verify it in
this thesis area. The stratigraphié top of the Helis Mesa
Tuff is not expcsed due to erosion. Otﬁer studies putside
of the Magdalena Mountains report a thickness of about 600
to 800 feet, but since this study area is within the
inferred North éaldy cauld;on,.the Hells'Meéa Tuff may

be much tﬁickér._ Krewedl (1974) reported a maximum thick-
ness of 3850 feet in the central Magdalena Mountains, but
this thickness may be excessiverbecausé of unrecognized
faulting. Faultg are very difficult to recogniZé in thick,
cauldron-facies Hells Mesa Tuff. 1In this study area, the
Hells Mesa probably éxceeds 2000 feet in thickness.

The best exposures of the Hells Mesa occur along the
road -to thz Langmuir Laboratory and thé gold mine road.
Along these roads, the Hells Mesa is usuéllY,highly jointed;
tﬁese joints may be sheetnlike in sdme areas or curved and

highly erratic in other areas. The Hlells Mesa usually
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breaks along joints to form sharp, blocky talus. Much
of the area is covered by this talﬁs, but occasicnally
the Hells Mesa forms steep ledges and CllffS.

In hand spuc1men, the Hells Mesa Tuff is usually
white to gray because of strong bleachlng and propylltlé
alteration. Where unaltered, the Hells Mesa is readish;
brown in color (Brown, 1972; Spradlin, 1976). It usually
contains 40 toféo pefcént éhenoérysts-df-sanidihe, plagio~-
clase, quértz and biotite. Quartz often occurs as distinctive
"eyes" measuriﬁg as much as 4 mm in diameter.' the Hells
Mesa is usuélly very pumice goor, althéugh £hé alteration
may make the pumice difficult to see in some areas. In
a few places, the Hells Mesa is moderate;y pumice rich.

Detailed pétrographic work on the Hells Mesa has
been done’bx Brown (1972}, Chamberlin (1574) and Spradlin .
{(1976). Brown (1972, p. 2l~24)‘repbrted that the Hells
Mesa Tuff (his tuff of Goat Spring) ﬁéually coﬂtaiﬁs 40 .
-to 50 percentlphehocrysts of bréken and paftially resorbe&
crystal‘fragments. Sanidine varies from'lp to 30 pércent
of the gock,'while plagioclase var%es from 10 to 20
percent and averages about 12 percent. Quartz is very
scarce in the lower 10 to Zd feet of Bﬁown's Hells Mesa,
but it increases to 5 to 15'pérqent of 'the rock higher
in the section. Biotite comprises aboﬁt 1l to 4'petcent

of the rock. "

One thin section of the Hélls'Mesa Tuff was examined

from the study area. It contains about 45 percent phenocrysts.



26

Quartz comprises abbut 10 to 12 percent of the rock

and occurs as subhedral, but deeply embayed pﬁenocrysts
ranging_in sizé from 0.3 tﬁ 4.0 mm and averaging about 1.8
ram in‘diameterﬂ Feldsparhcoﬁprises about 30 percent of
the rock. About 65 percent of ‘the feldépa: is sanidine,
which-ranges_ih éize from 0.4 to 4.0 mm in diameter and -~
averageés about 0.75 mm in diameter. -Tﬁelrest of the
feldspar is plagioclase which has been'pértiailygaltered
to clays and calcite. About 2 to 3 percent biotite occurs
as small, cuhedral grains, which range from 0.25 to 1.1
mm in'diameter. A traée amount of magﬁetite also occurs

in the rock. The matrix has been completely devitrified

and altered.

Unit of Hardy Ridge

The unit of Hardy Ridge consists of phenocryst—pobr
rhyolite lavas; poofLy welded, lithic-rich, ash-flow
tuffs; aﬁd volcaniclastic sedimentary rocks. This unit
overlies the Hells Mésa Tuff and is believed to be part'
of tﬁe cauldron £ill of the North Baldy cauldron. It
was named‘b§ Bowring (in preparation) for exposures on
Hardy Ridge in the squtﬁern Magdalena Mountains. . So far,
this unit has onlylbeen found on Hardy Ridge, and in'Sawmiil,
Ryan Hill and Caronitafcanyons {all in the southern Mag-
dalena Mountains). These outcrops are probably in the
southern portion of the North Baldy cauldron.

In this séudy area, the unit of Hardy Ridge odccurs in
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gouthern Ryan Hill Canvon (secs.- 25, 26 and 35, T. 4 S.,
R. 3 W., unsurveyed; and sec. 36, T. 4 8., R. 3 W.). It
was mapped as two units: a phenecryst-poor rhyolite lava
(Thr); and a group of volcaniclastic sedimentary focks and
welded tuffs (Thrs). The base of this unit is seldom ex-
pose& iﬁ the study area. Howeveér, one small outcrop of
Hells Mesa TUFE is-exposed in §/2, sec. 36. This outcrop
is overlain by fhe unit of Hardy Ridge.h Souﬁh of this
exposure, outcrops of the Hells'Mésa Tuff become more
abundant as the topographic margin of the Sawmill Canyon
cauldron is approached (Osburm, 1979, oral communication) .
The unit of Hardy Ridge in tﬁis study area (sec. 25, 26,
35 and 36) apéarently lies betwegn ﬁhe'top0graphic rim and
the main ring fradfure of fhe Sawmill_Canyon’céuldron*(see
Plates 1 and 2). The main ring fracture downfaulted the
unit of Hardy ﬁidge 1000 feet or more, so it is no longer
exposed north of that structure. The unit of Hardy Ridge
" is overlain by the A-L Peak Tuff}rwhich becomes thinner
as it approaches the topographic riﬁ of the Sawmill Canyon

cauldron.

Rhvolite Lavas (Thr). Most of.the unit of Hardy Ridée
consists of éhenoéryst—poor rhyolite lavas. The best
exposures of the rhyoiite are along the floor of Ryan
Hill Canyon. Along the sides of the canyon, the outcrops
are poor. There, they usually occur as isolated exposures

a few feet in size, which are separated’from.eaCh other by
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talus from overlying units: The rhyolite lava has a
minimum thickness of about 250 feet, bﬁt‘it mayuexceed
800 feet in places. Since the base 6f the rhyolite is
not continunusly exposed, a maximum thickness cannot be
determined. It is overlain by a sequence 6f sediﬁéﬁtarf
rocks and welded tuffs (Thrs). ) ‘.. | o

In hand spe01mcn, the rhyolite lava 13 a pink to gray
color, It is usually massive, although occasionally
it may be flow“banded or brecciated. The‘rhyolite lava
is phenoctyst poor; only a few small crystals (secondary
guartz ?) caﬁ be éeeh‘in hand_sgecimens.

In thin section, the rhyolite lava contains about 25
percent spherulitic chalceaony anﬁ 10 to 26 percent gquartz
crystals Whlch are about 0.1 to 1L mm in diameter. These
quartz crystals are anhedral and occa51onally occur in
clusters; part or all of them are probably secondary
quartz. The rest -of the rock consists of finenérained

"~ {0.02 to 0.1 mm) guartz, chalcedony and sanidine (?).

Sedimentary Rocks and Tuffs (Thrs). A sequence of

volcaniclastic sedimentary rocks and poorly welded tuffs
overlies the fhyolit; lava in Ryan Hiil Canyon. .The out-
érops of this unit are poor in most places; the best
._voutcroPs occur on the east side of Ryan Hill Canyon (SW/4,
sec. 25 and sec. 36}; Thére, the{bettgr outcrops occur

as blocky exposures 'in ravines where erosion has removed

the overlying talus. This unit has an average thickness



of about 50 feet, although'theAthickness_may vary from
0 to 100 feet. |

The sedimenﬁary rocks and tuffs are.characteristically
very thin and dlscontlnuous laterally, so only a gene;al
description of the rocks in this unit is glven. 'The sedi-
mentary rocks consist mostly of even, parallel-bedded,
poorly sorﬁed lithic~rich‘sendstones. 6ccasiona;ly,
cong]omerates and bre001as occur in, this unit. The tuffe
are usually gray to green, poorly to moderately welded,
and lithic rlchm They usually contain about lO,to 20
percent lithic fragments of andesite and rhyolite,ys to 10

.

percent guartz phenocrysts; 5 to 10 percent feldspar (mostly

sanidine and perthite), and 5 to 20 percent pumice.

A—L .Peak Tuff 4

The A-L Peak Tuff 1s a comp051te sheet of densely
welded crystal- poor, one- feldspar, rhyolltlc ash—flow tuff
(Chapin and others, 1978). Deal and Rhodes {(1976) named
the A~L Peak Rhyolite for a 2000-foot-thick section in the
northern San Mateo Mounteins. Most workers in the Socorro-
Magdalena‘area nod fefer to this'fermaFion as thekA—L Peak
Tuff (Chapin and others, 1978). The A-L Peak Tuff is
equivalent to ﬁhe l.'banded rhyolite" of Laughlin and )
Koschmann (1942). It is also equivélent to Brown's (1972)
tuff of Bear Springs, which is the dpper part of Tonking's
(1957) Hells«Mesd Formation.. Brown (1972), Simon.(1973),

and Spradlln (1976) have presented detalled petrographlc
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descriptions of the A-L Peak Tuff._ Chapin and othe;;
(1278) div'ided the A-L Peak Tuff into three members,
.which‘from oldest to youn@esf are the créy—massive member,
flow—banded member, and plnnacles member. Smith and othexrs
"(1976) obtalned é_f1551on track date Of 31 8 ‘1.7 m.y. for
the A-L Peak Tuff at. the type 1ocallty

The A-L Peak Tuff generally contain 2 to 10 percent
phenocrysts of sanldlne and guartz. The sanldlne pheno-
crysts are usually several times more abundant than the
qﬁartz phenocrysts and are found as euhedral to subhedral
grains about 1 to 2 mm in length. The quartz phenocrysts
are usually small (1ess than 0.5 mm) and anhedral. The
lower gray-massive member of the A-L Pgak_Tuffils generally
light grayrand pumicé poor. It is overlain by the"flow—v
banded ﬁember, which is gray to reddish‘brown and Eharac~
terized by abundant, highly welded,_linea£ed pumice. 'Flbwzz
folds are occasionally found in the flow-banded member.
- The” pinnacles member usually contains abundant, non-lineated
pumice; however, it may have highly weided,.lineated pumice
in the Sawmill Canion cauldron. j |
| Each of the members of the A-I Peak Tuff has been
correlated with a major ash-flow tuff eruption agsociatea
with cauldron collapse (Chapin ana others, 19%78). The
gray-massive membeeras previously thought to have caused
the initial collapse of the Mt. Withington cauldron
(Deal, 1973; Deal and Rhodes, 1976; Chapin and others,

' 1978). More recent work, however, indicates that the



31

gray-massive member probably came from‘the Magdalena
cauldron (Chapin, 1979, oral commvniéafion). The flow-
banded member was aiso eruptéd from the Magdaléna cauldron
and is welded to the gray—massi%e member. The pinnacles
member is believed to have erupted from the Sawmill Canyon
cauldron. The Sawmill Canyon cauldron contains a section
of A~L Peak Tuff which ﬁay exceed 3000 feet in thickness,
but since the bottom of this tuff is not exposed in most
of the cauldron and because of possible concealed faults,
this is onlyxan‘estimate. The pinnacles member is not
flow banded in its outflow facies, but the A~L Peak Tuff
in the Sawmill'Canyon cauldron contains flow-banded,
lineated pumice. If the pinnacleé member did eruﬁt from
the Sawmill Canyon cauldron, then it was hot enough to
cause extreme welding and produce flow banding in the
cauldron, but not in the outflow.facies. The pinﬁacles
and flow-banded members are very similar petrbgraphically,
so it is difficult to dete;mine which member'filied the
Sawmill Canyon cauldron by only examining the rocks in the
cauldron. o

In this study area, the A-L Peak Tﬁff ié found at the
head of Sixmile Canyon (sec. 10, T. 4 F., R. 3 W., unsur-
veyed) aud in Ryan Hill Canyon. _Outsiae"the Sawmill Canyon
cauldron, the A-I, Peak Tuff usually Oﬂerlies the Hells
Mesa Tuff. In this studf area, h0wevér, the'A-L Peak
Tuff occurs entirely inside the Sawmill Canyon cauldron,

and the base of the A-L Peak Tuff is not exposed except in
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. the southern part'of Ryan Hill Canyon ksecs. 25, 26 and 36f.
Here, the A-L Peak Tuff overlies the unit‘of Hardy Ridge.
This area is betweén the topographic wall and the main
ring fracture of the Sawmill Canyon cauldron (see Plates
1 and 2). The A-L Peak Tuff thins as it approaches the
tépographic margin of the cauldron and is only about 200
to 300 feet thick in section 36. It apparently overlies
an uncénformity formed inside the topographic wal;. -
Osburn (1979, oral commun.) reports that the unit of
Sixmile Canyon (pért of the f£ill of the Sawmill Canyon
cauldron) also thins to the south against the topographic
wall of the cauldron.

North of the southern ring fragtur; of the Sawmill Canyon
cauldron {(Plate 2), the A-IL Peak Tuff ﬁhickens dramatically.
The basé of the tuff is not exposed, but the tuff is at
least 2000 feet thick less than 1l mile north of the ring
fracture. South of the ring fracture,:it is usually about
.500 feet thick. Further north in‘Ryan:Hill Canyon, the
A-1L Peak may exceed 3000 féet in thickﬁess.

The A-L ﬁeak Tuff is faulted again%t younger units
on the west side of Ryén Hill Canyon; on the east side,
it is overlain stratigraphically by th§ ﬁnit of Sixmile
Canyon. The unit of Sixmile Canyun fiiled the Sawmill
Canyon cauldron after the A-L Peak Tuf% erupted. Pro-

nounced lateral facies changes occur in the unit of Sixmile

Canyon. In the northern part of the ¢anyon, andesite lavas
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overlie the A-L Peak; whereas further south, rhyolite
lavas, sa: dstones, or thin ash-flow tuffs may overlie it.

At the héad of Sixmiie Canfon, the A-L Peak Tuff and .
_the unit of Sixmile Canyon are faulted together in a com-
pléx manner. This area is on the trénsvérse sﬁear zéne
(Chapin and others,vl978; Plate 2, this studv). It is
also clOseltO ﬁhe northern ﬁawmill‘Canyon'cauldron marxgin,
se complex structures are likely. Slide blocks emplaced
in the Sawmill Canvon cauldron could also accoynt for some
of the outcrop'complexiﬂies. The mosﬁ'likely possibility
though, is that these complexities fesult from complicated
normal faulting like that described in the section on
structural geology (p. 137)., In sixmile Canyon, the A-L
Peak Tuff is overlain by a sequence"of;thin welded tuffs
and volcaniclastic sedimentary rocks,.ﬁhich are part of
the unit of Sixmile Canyon. These rocks are very similar
to the tuffs and sedimentary rocks that qverlie the A-L
Peak Tuff in'Ryan~ﬁill Canyon.

The A-L Peak Tuff is characterized by abundant,
closely spaced sheet joints; it is almost impossible to
collect a hand specimen free of jéintsi In the less
densely welded zones, the joints are mére irregular. In
the most densely welded‘zones, the A—LfPeak Tuff commonly
breaks both along the foliation and the sheet joints to
form small "platelets". -In some placeé, outcrops are
largely masked by a coveriﬁg of these *platelets". The

A-L Peak Tuff is exposed moderately well in Sixmile Canyon,
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but further south in Ryan Hill Canyon, it is often fgﬁnd
in isolated, cliffy exposures surroundéd‘by talus. .

In hand specimen, the A-L Peak Tuff is usually a gray
color in northwastern Sixmile Canyon,_but it becomes gray
to reddish brown further south in Ryan Hill Canyon. The
A-L Peak Tuff usually contains about 5 to 6 percent pheno-
crysts of sanidine and quartz; however, the phenocryst
content ranges froﬁ 2 to 15 percent. Most of the A-I. Peak
Tuff contains lesé than 5 percent lithic fragments, but .the
upper part of the tuff may contain as much as 10 to 15
percent lithic fragments. These consist mostly of fragments
of andesite and rhyolite. The A~L Peak Tuff in Sixmile
Canyon is moderately pumice éoor, but gn the central to
southern part of Ryan Hill Canyan,rit‘ﬁay‘contaiﬁ as much
as 25 percent pumice. ‘

In some plabesf;tﬁe A-L Peak Tuff is so highly Qelded
that it may resemble a flow~banded rhyblite lava. In
. these areas, the pumice.is also highiy lineated and
occasionally some priﬁary flow foidgléap be seen in the
tuff. Figures 6 énd 7 show some of %hese featufés.
These structures are thought t§ be pfimary in origin;
that is, to have formed before the forward motion of the
tuff had ceased. Structures of tﬂis type in ignimbrites
in central Colorédo have been desc;ibed by Chapin and
Lowell (in press). They suggest that unusually hot ash
flows begin to weld before forward'motion ceases and

that deposition occurs in a laminar boundary layer. This



i

, Pigure 7a. Lineated pumice in the A-L Peak Tuff (SW/4,
sec. 10, T. 4 8., R. 3 W., unsurveyed}. The lineated
pumice is probably a primary structure, that is, it
forms in & tuff that begins to weld before the tuff

has come to rest. During this stage, the tuff develops
a high viscosity and the pumice is stretched in the
direction of flovw.

Figure 7b. Close-up of lineated pumice in Figure 7a.
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_Figure 6. Primary flow fold in the A-L Peak Tuff (NW/4,
‘sec. 15, T. 4 S., R. 3 W., unsurveyed). ' Such folds are
occasionally seen in the cauldron-facies A-I Peak Tuff
(pinnacles member ?) within the study area (Sixmile
Canyon and northern Ryan Hill Canyon); however, they
are restricted to the. flow-banded member in the outflow
facies. ’
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causes the tuff to deﬁelop a’highiviscosity and Eo behave.
as a rhyolite lava. Dvriné depdsition,; the pumice is
stretched in the direction of movement of £he tuff. Coﬁ-
tinued movement of thé tuff may produce shear pianes and
folds, similar to some structures in rhyolite lavas. The
primary folds are aligned with their axes perpendicular

to the direction of movement. |

Nine measurements on lineated pumice are shownlon
Plate 1. Most of the symbols on the map represent several
measurements taken at the same location. Although there is
some variation in the measurements, they average about
N 80 E, if one erratic value-is omitted; This lineation
is almost perpendicular toc the other méasurements recordeq
nearby. Bowring (oral communication) reports that in
Sawmill Canvon, just west of this study area, the linea-
tions were oriented approximately east-west.

The A-L Peak Tuff has both vertical and lateral varia-
tions in the-study'area. In Sixmile Canyon, it is usually
gray, pumice-poor, densely welded, and contains only 1
to .2 percent phenocrysts and 1 to 2 petcent lithic fragments.
Primary folds are occasiocnally found iﬁ this area, although
they are not common. |

In Ryan Hill Canyon, The A-L Péak Tuff is less densely
welded than in Sixmile Canyon. The Puﬁice_is still lineated,
but not as highly as in ﬁhe Sixmile Caﬁyon area. A few
primary folds were seen in the northern part of the canyon,

but few, if any, occur in the central to southern part of
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the canyon. In Ryan Hill Canyon, the A-L Peak matrix is
usually gray to reddish brown and the puﬁice is usually a
grayish-red to dark-brown color. The A-L Peak Tuff in
Ryan Hill Canyon is slightly more crystal- and lithic-rich
than it is in Sixmile Canyon. It usually bontains 3 to 8.
percent phenocrysts of sanidine and quartz, although it
may contain as much as 15 pefcent phenocrysts in the

upper part of the tuff. Two to 15 percent lithic_frégments
of andesite and rhyolite occur in the A-L Peak Tuff in

Ryan Hill Canyon.

On the eastern side of Ryan Hill Canyon, the strata
dip to the east, thereby exposing the middle (?) to uppery
portion of the A-L Peak Tuff and the lower part of the
unit of Sixmile Canyon. Unfértunately, much of £his,
especially in the northern part of the canyon, is largely
covered with talus. Although most of this area is unsuit-
able for taking a measured section, generalizations can be
made about the upper A-L Peak based onémapping and the
general vertical sequences. i

At the top of the section, severa@ thin fhyolite lavas,
sandstones and tuffs are interbedded ip the A-L Peak Tuff.
These rocks are described in the follo%ing section (p. 43).
Below the lavas, the A-~L Peak Tuff con%ains 4 to 6 percent
phenocrysts of sanidine and quartz, and 10 to 15 percent
lithic fragments. The percentage of lithic fragments
increases gradually from the bottom of the canyon to the

base of the rhyolite lava-sandstone interval. Although the
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tuff is highlthelded throughout thé section, the dégree-
of weldinc decreases slightly upwards in the section.
The tuff below the rhyolite lava-sandstone interval
generally countains three to five times a3 much sanidine
as quartz.

The A-L Peak Tuff above the lava-sandstone interval
is similar to the underlying A-L Peak, except that it con-
tains 8 to 10 percent phenocrysts of quartz and sanidine,
and the quartz is about as ébundant as the sanidine. The
tuff in this interval is only moderately to densely‘weléed.

In thin section, the A~I Peak Tuff in Sixmile Canyon
is wvery crystai-poor, containing only about 1 to 2 percént
phenocrysts of sanidine and quartz. Sanidine is more'_
abundant fhan the guartz and usually occurs as subhedrai
to euhedral grains as much as 1.0 mm in length. The |
sanidine in this area, as well as all the other areas
from which thin sections were made, was partially altered.
Some of the sanidines were partially replaced by a low:
birefringent clay, giving them a cloudy appearance, whilg
others were completelf ;eplaced by sericite and other
clay minerals. The guaxrtz occurs as sﬁall (0.2 mm or
less), ahhedral grains.‘ Hematite is fairly ubiquitous
throughout the thin section, usually occurring as small,
bladed or acicular crystalé. Pumice oécurs in amounts
of about 5 percent or less in the most?highly welded zoneé.
This pumice has length to thickness ratios greater than

100 to 1; in thin section the pumice rarely exceed 0.3 mm in
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thickness. Crystals of vapor-phase quartz with a diameter
of 0.1 mm, or less, occur in the pumice and along shear
planes in the matrix (see Fig. 8). :

The A-L Peak Tuff in Ryan Hill Canyon (except that
above the rhyolite lava)usually contaihs 3 to 5 percent
phenocrysts of sanidine and quartz.‘ The sanidine has an
average length §f about 0.75 mm and is euhedral to sub-
hedral. It is between three and five times more abundant
than the guartz. The sanidine is always altered to some
" extent. @he quartz has an average diameter of about 0;2
mm and is anhedral. fTrace amounts of biotite occur in
thin section, and usually a few percent hematite is presant
as bladed and acicular crystals.. This A~L Peak usually
contains about 2 to 10 percent lithic fragments, which
are probably andesite and rhyolite fragments, and 10 to
15 percent pumice. The amounts of pumice and lithic
fragments generally increase upward in the tuff. The
pumice and matrix are both;devitrified:to a fine-grained
assemblage of quartz and feldspar; occgsional spherulitic
and axiolitic structures were seen in &he matrix. Outlines
of the original glass shards are preserved by hematite
dust in the matrix. Most of the thin sections also contain
extensiva vapor-phase minerals consist;ng of feldspar and
quartz as much as 0.3 mm in diameter. fMost of the feldspar
has been completely altered to an opaqﬁe mixture of clay
. minerals. Much of the pumice has been replaced by small

feldspar crystals which point inward and are surrounded

by anhedral guartz,
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Figure 8. Photomicrograph of flow-banded A-IL Peak Tuff.
This sample came from Sixmile Canyon where the tuff is

very highly welded and appears flow banded in hand specimen
and outcrop. The phenocryst in the Dhotograph is sanidine.
The shear planes in the tuff are deflned by light-colored
vapor-phase minerals. Crossed n1chols,|3l 25 x.
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The uppermost A-L Peak Tuff (that tuff separated from
the rest by the rhyolite lava-sandstone interval) contains
8 to 10 percent phenocrysts of gquartz and éanidine, and
10 to 15 percent lithic fraéments. The main difference
between this tuff and the tuff below the rhyolite lavas
is that it comtains about as much quartz as feldspar. The
thin section studied contains about 5 to 6 percent guartz
and 3 to 4 percent sanidine. The quartz has an average
diameter of about 0.3 mm; the largest quartz phenocryst is
0.7 mm diameter. The sanidine has an average length of
about 0.4 mm. The lithic fragments are mostly andesite
and rhyolite fragments. Pumice comprises 15 to 20 percent
of the rock. The A-L Pealeuff in this unit is only |

moderately to densely welded.

Interbedded Rhyolite lavas, Sandstones, and Tuffs. In

the central portion of Ryan Hill Canyon (secs. 22, 23, and
26, T. 4 S., R. 3 W., unsurveyed), a thin sejuence of
‘rhyolite lavas (Talr), and sandstones éﬁd tuffe (Tals)

is interbedded in the upper A-L Peak Tuff. The total
thickness of this unit does not exceed§200 to 300 feet;

it is probably less than this in most blaces.

The rocks of this unit are usuall§ very poorly exposed;
outcrops are usually small and separatgd by considerable
talus., Because of the poor exposures,;it is impossible
to trace individual rock units laterally for more than a

few tens of feet. However, the Qeneral vertical sequence
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can be established in a few places. Asgs the map shows
(Plate 1). thevrhyolitc lava is underlain andonerlain
by a sandstone and tuff interval in most places.

The rhyolite lava (Talr) is gray to pink and usually
contains 10 to 15 percent phenocrysts. The phenocrysts
are mostly quartz and feldspar; in hand specimen, the
matrix is aphanitiq. One thin section examined contains .
about 15 percent phenocrysts. About 7 percent of the rock
is subhedral, partially corroded quartz with an average
diameter of about 0.5 mm; the largest quartz phenocryst is
about 1.5 mm in diameter. This rock contains two types of
feldspar. About 3 percent of the rock is perthite, wiéh
an average diameter of 0.6 to 0.7 mm. A Also, about 2
percent of the rock consists of a phenécryst that has
been replaced by clay minerals and is too altered to identify.
About 2 percent biotite (largely replaced by hematite) is | |
present in the rock. The matrix consiéts mostly of fine-
‘grained (0.1 mﬁ, or less) cherty and spherulitic quartz,
feldspar (sanidine ?), and chalcedony.' Also hematite dust
is scattered through the matrix.

The sandstone and tuff unit (Tals) consists of a
heterogeneocus mixture of poorly welded, lithic-rich tuffs,
and interbedded sandstonés. The sandstones are mostly
grayish green, medium grained, lithic Fich, feldspar. rich
and moderately to poorly sorted. The tuffs are generally
brown to pink and contain 5 to 10 percent phenocrysts of

feldspar and quartz, and 10 to 25 percent lithic fragments
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{mostly andesite). The tuffs are_moderately to poorly

welded‘and frequently pumice rich.

bnit of Sixmile Canyon

The unit of Sixmile Canyon is a thick sequence of
andesite and rhyolite lavas, ash-flow tuffs, and vol-
_caniclastic sedimentary rocks. The rocks in this unit
undergo rapid lateral facies changes; in some places,
thick andesite lavas intérflnger with thick rhyolite
lavas. Krewedl (1974) named the Sixmile Canyon andesite
after some outcrops in-the heads of Sixmile and South
Canyons. This name was‘changed to the unit of Sixmile
Canyon by Osburn (1978). Xrewedl (1974) also mapped a
unit in the head of Sixmile Canyon which he called the
Sawnmill Canyon Formation. Krewedl's Sawmill Canyon For-
mation consists mostly of A-L Peak Tuff, and to a lesser
extent, of the unit of Sixmile Canyon (as mapped for this
thesis). Krewedl's South Baldy Peak andesite is also
included in the unit cf Sixmile Canyon. The unit of
Sixmile Canyon has not yet been dated, but the underlying
and overlying units have been dated at 31.8 m.y. (A-L
Peak Tuff) and 26.3 m.y{ {tuff of Lemitar Mountainé).

The unit of Sixmile Canyon overliés the A-L Peak Tuff
and is part of the cauldron f£fill of the Sawmill Canyon.
cauldron. 5o far, it has not been foun& outside of the
cauldron, but rocks of similar appearance and stratigraphic

position are present in the Magdalena cauldron (Chapin,

oral communication).
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The northern ring fracture of the Sawmill Canyon
cauldron transects the northwestern portion of this
study area {(Plate 2). It is a nea;-vertiéallcbntact
between the Hells Mesa Tuff and the unit of Sixmile Canyon.
Part of the northern cauldron margin represents a deposi-
tional contact alorg the topographic rim and part of it is
the ring fracture (Plate 2). Later faulting has reactivated
the cauldron margin in some-places; part of the cauldron
margin has also been uplifted in a hors£ block.

The southern ring fracture of the cauldron (Plate 2)
apparently was not feactivated by faulting after the
deposition of the unit of Sixmile Canyon, since that unif
-continues unfaulted over the ring fracture. Mapping by
Osburn (in progress) indicates that the uniﬁ of Sixmile
Canyon pinches out against the topographic cauldron margin
on the south side of the cauldron. The unit of Sixmile
Canyon has a maximum thickness of about 2506‘feet.

In some places, the strikes and dips in the A-I. Peak
Tuff in Ryan Hill Canyon differ from éhose in the over-
lying unit of Sixmiie Canyon. This could indicate that
there is an angular unconformity betwéén the two units;
however, faulting is probably responsiﬁle for most of the
difference in the strikes and dips.' The unit of éixmile
Canyon is overlain by the tuff of Lemi#ar Mountains. There
is no_ apparent angular unconformity between the tuff of
Caronita Canyoen (upper part of the unit of Sixmile Canybn)
and the overlying tuff‘of Lemitar Mountains, although there

is an erosion surface between fhe two.
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Lower Interval of Tuffs, Sandstones and Lavas. A group

of tuffs, sandstones arl lavas overlies the A-L Peak Tuff

in moét of the study area. At the head of Sixmile Canyon,
this group consists entirely of tuffs and sandstones, and
was map?ed as Tgt., In southern Ryan Hill Canyon, this group
consists of rhyolite iavas, tuffs and sandstmnes. The
rhyclite lava (Txrl) OQerlies, and is overlain by, a tuff-
sandstone sequence (Txtl and Txtz). The tuffs and sandstones
in Txt, Txtl, and Txt, typically consist of thin (5~ to
20-£ft) intervals of interbedded, poorly welded £uffs and
sandstones. There are several different tuffs in these
units, but mostxof these are local tuffs that were only

seen in a few places. The Txt, unit also contains a thin

" andesite lava.

The complex outcrop patterns in the head of'Sixmile
Canyon are interpreted to be caused mostly by faulting;.
however, some of the unit of Sixmile Canyon (Txt) could
have been emﬁlaced as slide blocks in #he andesite lava ‘
(Txal). This area-is discgssed furthef in the-section on
structural geology.

The Txt,, Txr;, and Txt units all occur in southern

2
Ryan Hill Canyon (secs. 25, 26, and 36; T. 4 §., R. 3 W.,
unsurveyed). The Txtl unit only crops:out on the easterﬂ
slope of Ryan Hill Canyon. It is a thin unit that is
frequently covered with talus. The best exposures occur

in ravines where erosion has removed the overlying talus.

A rhyolite lava (Txrl) overlies the tuffs and sandstones:
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of the Txt, unit. This lava is in turn overlain by another

1
tuff and sandstone unit (Txtz). "he rhyolite inva and Txt,
units are fairly well exposed énhthe eastern rim of Ryan
Hill Canyon and in the upper reaches of Caronita Canyon.
The rhyolite lavé occurs as low, blocky to cliffy outcrops,

while the Txt, unit occurs as low, rounded outcrops.

2
The tuffs in Txt, Txt, and Txt2 exhibit a wide variety

1

of characteristics in hand specimens. In general, they
are lithic-rich, moderately crystal-riéh and poorly welded.
In thin section, most of these tuffs contain 5 to 15
percent quartz and 5 to 10 percent fel&spar (mostly sanidine
and some perthite). . They also contain 5 to 25 percent lithic
fragments, which consist mostly of andesite-and lesser
amounts of rhyplite. Also, a few lithic fragments are
fine~grained siiicic fragments which consist mostly of
“anhedral quartz grains. The tuffs are usually moderately
pumice ricH; the pumice may comprise iO to 40 percent of
the rock. ' |

The éandstones usually consist of;even, parallel
beds, although occasioﬂally, cross-bedding was observed.
They are mostly medium- to coarse—graiéed (0.25 mm) sand-

: M
stones, consisting of angular grains of quartz, feldspar

and lithic fragments. The proportion of these grains
may vary, but all the sandstones are lithic rich and
contain 10 to 50 percent lithic fragmeﬁts. .One thin

section of the sandstone contains 40 to 50 percent

lithic fragments, 25 to 30 percent quartz, 10 percent
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sanidine, 5 percent plagioclase and 5 percent opéque minerals
(probably magnetite). The sandstone is poorly sorted and

the average grain diameter is about 0.9 mm. A number of
different types of lithic fragﬁents were observed. The most
common types are fine-grained silicic fragments which are‘
probably rhyolites. Lesser amounts oOf andesite or latite
fragments occur ih the sandstone.

The rhyolite lava (Txr,) in southern Ryan Hill Canyon
is pink to white and phenocr&sts poor. Occasionally,.the
rhyolite is flow banded or breéciated,jbuﬁ usually it is
massi#e end aphanific. A féw crystals can be seen in hand

specimens, but these are probably secondary quartz.

Andesite Lavas (Txall; A thick sequence of andesite

flows crops out in the'upper portions of Sixmile, South and
Sawmill Canyons. Xrewedl (1974) included the andesites in
both his Sixmile Canyoﬁ andesite and South Baldy Peak
andesite, although there is no difference between the two
units. Osburn (1978) included the andesites in the uﬁit of
Sixmile Canyon.

Thegé andesite lavas (Txal) probably interfinger with
the sanidine rhyolite laﬁa (Tkrz) at the head of Ryan Hill
Canyon (sec. 15, T.-4 S., R. 3 W., hns#rveyed). Most of
the unit of Sixmile Canyon has been removed by erosion in
this area. However, Osburn (1978) aﬁd‘Bowring (in prepara-
tion) report that the andesite lévas pfobably interfinger

with the rhyolite lavas in.theix study ;areas. There is a
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thin layer of andesite lava beneath the sahidine rhyolite
lava on the northeastern side of Ryan Hill Canyon; a thin
andesite lava flpw LTxaz) overlies the rhyolite lavas in

Chavez Canyon. | h

In a few places, the andesite lavas (Txal) may overlie
the A-IL Peak Tufi; however, in most places the andesite lavas
overlie tuffs and sandstones mapped as Txt for this thesis.
The andesite lavas are.probably about 2000 feet thick in
the Timber Peak area;‘here, they are overlain by tuffs and
gandstones which are in the upper part of the unit of Six-
mile Canyon.

The best ocutcrops of the andesite lavas occur on the
ridge north of Timber Peak. Here, the andesites uéually
break along closely spaced joints teo form sharp, blocky
outcrops. On the sides oflthis ridge, the andesites‘are
frequently covered with talus. They are usually well ex-
posed on the ridges at the head of Sixmile Canyoﬁ (éast of:
Timber Peak).

Osburn (1978) aivided the andesite lavas into three
types: 1) dense, aphanitic; 2 ) pyroxene-porphyritic (La
Jara Peak-like); and 3) plagioclasée-porphyritic. Rock types
similar to these were recognized in this study area. The
pyroxene-porphyritic lavas were majpped as Txaq for this
stady. The andesites in Txa, consist mostly of dense,
aphanitic and plagioclase-porphyritic lavas. Also, a few
pieces of a very coarse-grained (2 cm ér more), porphyritic

lava were seen in.talus, although no definite outcrops of
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this unit were observed. Because the andesites in this
'study area occur on the Aip slope of Timber Peak, and
because of faulting, it is difficult to determine the
vertical distribution of the different andésite types.

The most abundant rock type in the study area is a
gray-to-purple, aphanitic andesite. This rock is often
dense and massive, but occasionally, it is'b:ecciated or
‘contains moderately abundant to abundant vesicles. The
vésicles are freﬁugntly filled with calcite, quartz or
celadonite. Occasionally, this rock type may contain 1
to 3 percent small (1 to 2 mm) phenocrysts of feldspar,
or 1 to 4 percent‘small (about 1 mm) phenocrysts of
magnetite.

In thin section, this rock consists mostly of fine-
igrained plagioclase with an average length of about 0.1
mm. Three to 4 percent phenocrysts of magnetite were
alsouobserved in one thin section. These phenocrysts
are euhedral and have an average diaﬁeter of 1 mm. Ten
to 20 percent of the thin section consists of small opaque
minerals {magnetite ?). They have an a%erage length of
about 0.02 to 0.03 mm. This rock generally has a trachytic
texture. |

Second in abundance are the plagioclase-porphyritic
andesites. These lavas contain 20 to 59 percent plagio-
clagse. Most of the §lagidclase phenocr&sts are about 2
to 3 mm in length and are frequéntly alteréd to white,

chalky clays. Differences in mineralogy indicate that
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there probably is more than one type of plagibclase—
porphyritic andesite. One thin sec-ion examined contains
about 40 percent phenocryéts of plagioclase with an
average length of ahout 1.9 mm. The matrix consists
mostly of plégioclasé with an average length of about

0.1 mm. About 30 percent of the matrix consists of
opagque minerals. Some of thesé minerals consist of
hematized mafic minerals kprobably"pyroxene and biotite)
and some are probably magnetite. The size of the opaque
minerals varies from about 0.0l to 0.25 mm. Another thin
section examined contains about 29 peréént phenocrysts of
plagioclase with an average diameter of about 2.0 mm. It
also contains about 15 percent opéque minerals with an
average length of'ébout 1.6 mm. - These minerals probably
consist mostly of pyroxene which has been partially altered
to hematitét Some of the opaque minerals may also 5e
magnetite.

The very—coérse—grained, porphyritic lava was found
-only at one locality (NW/4,‘SW/4, sec. 4, T. 4 S., R. 3 W.,
unsurveyed). It consists of about 20 pércent plagioclase(?)
phenocrysts which range from about 1 to 4 cm in length.

The plagioclase phenocrysts are alteredgto a yello%ish—
white, chalky clay. The matrix is purpie and contains 5
teo 10 percent pvroxene (?) which is 2 to 3 mm in length.

In a fewrplaces, coarse andesitic breccias crop out.
The breccias are comprised pf clasts averaging 6 inches to

a foot in diameter set in a finer-grained (silt to sand size),
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purple-to-gray matrix. These rocks are probably laharic
breccias deposited along the walls -»f the Sawmil!? Canyon

cauldron.

.

Sanidine Rhyolite Lavas (Txr,). Brown to pinkish-gray,

porphyritic, rhyolite lavas with sanidine phenocrysts_és
large as 1 cm, crop out over a large paft of the study
area. These lavas were mapped as Txr,. They were first
described by Osburn (1978) w..c mapped a part of this unit
in Sixmile Canyon. ~

The sanidine rhfolite lavas cover about 3 square‘miles
in the study area and cap the northeastern rim of Ryan
Hill Canyon (Fig. 9). The rhyolite lavas are also exposed
in the upper portions of Chavez, Caroniﬁa, Molino, and
Madera Canyons. These rhyolite lavas have been mapped by
Bowring (in preparation) and Roth (in pfogress) in Sawmill
Ccanyon. South of this study area, Osburn (in progress)
reports that the rhy»olite lavas appear ﬁo pinch out against
the soufhern topographic rim of the Sawmill Canyon cauldron.

The rhyolite lavas are probably ab?ut 1100 to 1200
feet thick on the eastern rim of Ryan Hill Canyon. Further
south, in Caronita Canyon, the rhyolite lavas may exceed
2000 feet in thickness. However, unrecognized faulting
may be partially responsible for this apparent thickness.

Where the basal contact is exposed; the sanidine
rhyolite lavas overlie the tuffs, sandstones and rhyolite

lavas that comprise the units Txtl, Txtz, and Txrl. On the
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northeastern slope of Ryan Hill Canyon, the sanidine rhyolite
may also overlig the A-L Peak Tuff, or andesite lavas from
the Txal'unit; however, the contact.is glways covered with
talus. The sanidine rhyolite lava is usually overlain by
either sedimentary rocks of the szl_qnit or andesite lavas

.of the Txa, unit in Chavez and Caronita Canyons. At the

2
“head of Mplino and Madera Canyons, the sanidine'rhyolite
may bhe overlain by either the upper or lowe£ members of

the tuff of Caronita Canyon. The sanidine £hyolite lava
probably interfingers to the north with andesite lavas of

the Txa, unit.

The sanidine rhyolite lavas may form bold, prominent
ridges, bﬁt-thef are frequently covered with small blocky
talus, as on the northeastern rim of Ryah Hill Canyon (Fig.
9). Occasionally, the rhyolite lavas display exceilent
flow bandiné (Fig. 10). This flpw banding is not displayed

everywhere and, in general, becomes more prevalent towards

‘the south. Secondary quartz and chalcedony which formed

E

. along shear planes in the rhyolite lava enhance the flow

banding.

In hand speﬁimen, the rhyolite usually contains 15 to
40 percent phenocrysts of sanidine, guartz and biotite.
About 15 to 30 percent of the rock is sanidine,-which is
usually about twice as abundant as quarﬂz. Most of the
sanidine consists of euhedral to-subhedfél phenocrysts
which have an average length of about 2 to 3 mm, although

some of them are as long as 1 cm. The sanidiné is usually
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Figure 9. View looking northeast at the eastern rim of
Ryan Hill Canyon. The rim is capped by a sanidine
rhyolite lava (Txr.,! that dips to the east and forms a
prominent hogback.” Talus, derived mostly from the
rhyolite lava, covers much of the eastern slope of Ryan
Hill Canyon. This talus completely covers the rhyolite
and underlying units on the upper slope of the canyon.
Figure 'l9 presents a better view of the large, active
talus deposit on this slope. Molino Peak is on the far
right side of the photograph. '
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Figure 10. Example of flow banding in the sanidine
rhvolite lava (Txr.,) in Chavez Canvon (NW/4, sec. 25,
"T. 4 5., R. 3 W., tinsurveyed). The area where this
photograph was taken contains the most spectacular

flow banding in the sanidine rhyolite lava. North of
this area, the flow banding is poorly developed or
absent. South of this area, the flow banding is only
sporadically developed. Flow folds and ‘erratic strikes
and dips are common.
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altered to a pink or white color, although occasionally,
they are clear and display chatoyar~y. fhg quartz usually
occurs as small, anhedral phenocrysts with an average
diameter of about 0.5 mm. The rhyolite also contains 1

to 3 percent biotite. Two to 3 percent lithic ﬁ;agments
of brown, fine-grained andesite occ¢ur in mést‘bé the
rhyolite lavas. . The matri% is usually aphanitic and dense
in hand specimen.

There may have been two or more lava flows in this
unit. The rocks in the lower part usually contain 15 fo
25 percent phenocrysts, while the rockslin the upper part
contain 25 to 35 percent phenocrysts. ihe sanidine/quartz
ratic is always about 2 to 1, but the réck contains about
1 percent biotite at‘the base and 4 peréent at the top of
the unit.

Thin sections of the sanidine rhyoiite lava contain
between 20 and 35 percent phenoccrysts wﬁich consist of
sanidine, quartz and biotite. Sanidine, which comprises
about 10 to 290 pefcent of the rock, is-psually about twice
as abundant as guartz. The sanidiﬁe isfeuhedral and has
an average length of about 1.1 mm; the maximum length ob-
served in thin section is about 3.3 mm.? The quartz is
anhedral 2o subhedral and has an averagé diameter of about
0.5 mm; the maximum diameter is aboqt 1.0 mm. Some of the
quartz is slightly embayed. Biotite, with an average
diameter of 0.3 mm to 0.4 mm, comprisesll to 4 percent of

the rock. Most of the biotite is a deep red color. A
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trace to 1 percent opagque minerals (probably magnetite)
also occurs in the rhyolite. |
The matrix consists méstly of chalcedony, and fine-
grained quar*z and sanidine (?). Some rocks contain
spherulitic structures in .the matrix. Layers of quartz
and chalcedony define the flow banding in these rocks.
fhese minerals probably formed along shear planes in the

rhyolite.

Andesite Lavas (Txa,). A thin sequence of andesite

lavas overlies the sanidine rhyolite lavas iﬁ Chavez and
Caronita Canyons. 'In a few places, these andesite lavas
are overlain by sedimentary rocks (szl); elsewhere, they
are overlain by the tuff of Caronita Canyon. 'A complete
section of these lavas is not exposed; however, the total
thickness of the lavas probably does not exceed 30 to 40
feet. The lavas are always partially to completely covered
with talus derived from the overlying tuff of Caronita
Eanyon. |

In hand specimen, the andesite 1av$s are brownish
gra&, dense to vesicular and fine grained. The vesicles
are usually filled with quartz, opal or celadonite. The
andesites usually contain 1 to 3 percent small (less than

1 mm) phenocrysts of feldspar (probably plagioclase). The

matrix has an aphanitic texture.

Sandstones and Siltstones (Txs;). A thin sequence of

sandstones and siltstones crops out in Caronita Canyon
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(sec. 31, 7. 4 S., R. 2 W.) and on Timber Peak. In Caronita
Canyon, this unit overlies an andes’te lava (Txaz) and is
overlain by the tuff of Caronita Canyon. This unit is 50
feet thick or less in Caronita Canyon and is exposed in
only a few elongate outcrops. White to red, very thinly
bedded (1 cm or less) siltstones comprise most of the
unit in Caronita Canyon. Pieces of red, medium- to coarse-
grained sandstone were also observed in talus in areas where
this unit was covered.

This unit also occurs in a few outcrops on Timber
Peak, where it has a maximum thickness 6f about 150 feet.
The best outcrops are on the north side of Timber Peak.
Here, this unit consists mostly of greenish-gray, poorly
bedded siltstones and sandstones. A few coarser grained
rocks (mostly sedimentary breccias) alsc occur on Timber
Peak. The clasts in this breccia consist mostly of

andesite fragments.

Tuff of Caronita Canyon. The tuff of Caronita Cahyon

is a miltiple-flow, simple cooling unitéof ash-flow tuff.
It consists of a lower member of poorlyito densely welded,
crystal-poor, moderately lithic-rich, aﬂdesitic (in
mineralogy) tuff and an ﬁpper member ofimoderately to
densely welded, crystai—rich, rhyolite #sh*flow tuff.

Good exposures of these tuffs can be'found in Caronita
and Chavez Canyons (sec. 25, T. 4 S., R. 3 W., unsurveyed;

and secs. 30 and 31, T. 4 S., R. 2 W.}. The tuff of
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Caronita Canyon is eqguivalent t6 part of thg TSt tuffs
mapped by Osburn (1978) in Sixmile and South canyons.
Osburn's T t tuffs also included some ofher tuff units.

The tuff of Carouita Canyon has also been mapped by Bowring
{in preparation) and Roth (in progress) in Sawﬁill Canyon.
Osburn (oral comaunication) reports that this unit pinches
out south of this study area against the southern topo-
graphic rim of the Sawmill Canyon cauldron.

The tuff of Caronita Canyon is widely disﬁributea
throughout the westérn half of the study area. A small
exposure of this unit occurs on Timber Peak. Further south,
larger exposures occur on Italian Peak and on the western
side of Ryan Hill Canyon. Most of tﬁe eastern slope of
Italian Peak consists of the upper member of the tuff of
Caronita Canvon. This tuff covers about 1 sqguare mile
in Chavez and Caronita Canyons. ‘

The thickness of the tuff of Caronita Canyon is
wvariable throughout the study area. It is about 200 feet
thick on Timber Peak, but it may be almost 1000 feet thick
on Italian Peak. These differences in thlckness are
probably.due, in part, to differences 1% elevatlon of
the surface on which the tuff of Caroniﬁa Canyon was
deposited. There are also differences in the relative
thicknesses of the upper and lower members. In parts of
the upper reaches of Madefa Canyon, the lower member is

missing; while in parts of Chavez Canyon, the lower member

may be 500 to 600 feet thick.
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On Timber Peak, the tuff of Caronita Canyon overlies
sedimentar’ rocks and tiffs in Tksl. Fﬁrther south, the
tuff of Caronita Canyon may overlie sedimentary rocks in
or the rhyolité lavas of Txr

Txs andesites of Txa

1’ 2’ 2°

The tuff of Caronita Canyon is overlain by sandstones

(TXSZ) in some Rlaces; these sandstones consist mostly of
material eroded from the upper member.  Where the sandstones
"are absent, the tuff of Caronita Canyon is overlain by
either the tuff of Lemitar Mountains or andesite lavas
(Txa3). The andesite lavas occur mostly on Timber Peak

and the ridge between Timber Peak and Italian Peak.

Lower Meﬁber. The lower member of the tuff of Caronita
Canyon is an andesite in mineralogical composition. It
contains 3 to 26 percent phenocrysts of plagioclase, biotite
and magnetite. The degree of welding increases from a
poorly welded base to a densely welded top. The mineral
proportions are.réther constant throughéut the lower member,
but the phenocryst content increases upward in the tuff as
the degree of welding inéreases. This %ember can be
divided intﬁ thfee zones based on the dégree of welding,
phenocryst content gnd color.

The basal zone of the lower'meﬁberjis brown to pink,
poorly welded and usually contains 4 to 5 percent pheno-
crysts, 5 to 10 percent.lithic fragments, and 10 to 20
percent puﬁicé. This basal zdne crops out poorly. The

best exposures are in stream beds; elsewhere, this zone
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is usually covered withftalus'from the ovérlying,,more
densely welded zones.- This zone is usually about 50 feet
thick, or less, aithough it may be as ﬁuch as 200 feet
thick east of Moiino Peak and in parts of Caronita Canyon.
The poor exposurgs.of this zone make it difficult to

obtain an accurate thickness. This basal zone is frequent-
ly missing from the lower member.

The middle zone of the lower member is gray to brown,
moderately welded and contains 5 £o 10 percent phenocrysts,
5 to 20 percent lithic fragments and 5 to 10 percent pumice.
This zone usually crops out moderately well, and forms low,
angulaxr outérops which occasionally forﬁ low ledges. It |
breaks along joints to form éngular talﬁs fragments. This
zone is usually 50 to 200 féet thick whére exposed.

The upper zone is brick-red, denseiy welded, and
contains 10 to 20 percent phenocrysts, about 10 percent
lithic fragments, and 15 to 25 percent pumice. The pumice
is usually a darker red color than the matrix. The upper’
. zone is usually the best exposed of the‘three zones and
frequently forms ledgy or cliffy outcfops. -It breaks
along joints to form sharp, angular talﬁs fragments. The
upper zone is always present when the 16wer member is ex-
posed; whereas, the underlying zones aré not always present
(or not exposed). The upper zone is usﬁally 50 to 100
feet thick, although occasionally, it m?y be as much as
250 feet thick. . :

In thin séction, the lower member 6f the tuff of

&
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Caronita Canyon contains 2 to 20 percenﬁ phenocrysté of
plégioclésv, biotite and magnetite. It also contains
traces bfﬂsanidine, quartz and clinopyroxene. Usually,
about 70 percent of the phenocrysts are plagioclase (abqut
An,gi Michel-Levy method, 9 grains). The plagioclase is
euhedral to subhedral and has an average lencth of 0.9 mm.
Biotite is second in abundance and usually makes up 15

“to. 25 percent of the phenocrysts. Biotite is usually
euhedral and has an average length of 0.75 mm. Magnetite
may compriée as much as 10 percent of the phenocrysts (2
percent of the rédk). Quartz'is'present'in ;race amounts
in the lower half of the lower member, but it may comprise
5 to 10 percent of the phenocrysts in the uppermost 10 to
20 feet of the lower member. Trace amounts of sanidine
and clinopyroxene also occur in the rock. |

The lower member also contains 2 to 20 percent lithic
fragments. These consist mostly of andesite fragments and
fine-grained silicic rock fragments. In hand specimen,
brown, fine~gfained lithic fragﬁents with closely spaced
(a2 few mm or less) parallel bands were seen. These may be
equivalentyto some of the fine-grainedrsilicic fragments
observed in thin section.

Tﬁe‘pumice has been extensively replaced by éherty
quartz and spherulitic chaicedony. In most of the thin
sections examined, the ma£¥ix is devitrified and occasionally
contains sphefulites. However, Sne thin section from a

vitrophyre collected by G.R. Osburn at Torreon Springs
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(section 8, T. 5 8., R. 2 W.) consists mostly of fresh

glass.

Upper Member. The upper member of the tuff of Caronité
Canyon is a white to gray, dénsély welded, crystal-rich,
rhyolite ash-~flow tuff. Where observéd, the -base of the
upper membef is welded to the top of the lower member. The
contact between the upper énd lower members is gradational
through a stratigraphic intexval.of about 10 to 20 feet,
in which the tuff gradually becomes more phenocryst rich
and the color changes from red in the lower member to gray -
or white in the upper member. The lpwer portion of the
upper member -may be light brown in placgs, but above the
basal portion, the upper member becomes:éray to white. At
the base of the transition interval, the lower memﬁer
containsla few percent guartz and.sanidine. The éuartz
in this interval is frequently very large (as much as 4 mm
in diameter) and conspicuous, even in hand specimens.
Upward in the trénsition interval, quartz and sanidine
becomes more abundant, while the plagioclase content
decreases.

The upper member usually crops out very poorly in Ryan
Hill Canyon. There, the upper member weathers to large
boulders (1 meter or more in diameter) that tend to cover
the outérops. The outcrops that do occur are usually low
and somewhat rounded. InlChavez and Caronita Canyons,

and around Molino Peak, the upper member usually forms
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good outcrops along the crests of ridges énd on the hilltbps.
There, the upper member oécurs as rounded to blocky outcrops.
On the sides‘of these ridges and hills, the upper member is
only partially exposed or is covered with talus.

The upper memberxr of the tuff of Caronita Canyon con-'
tains 40 to 55 percent phenocryéts of sanidine, quartz and
biotite. The total phenocryst content increases from 35 to
40 percent at the basé to about 55 percent af the top of
the unit. However, the mineral proportions are fairly
constant throughout the upper member. Sanidine is the
most abundant phenocryst anduquartz is second in abundance.
The base of the upper member contains about 20‘percent
sanidine and 15 percent quartz, while the top contains about
30 percent sanidine and 20 to 25 percgn£ gquartz. The
sanidine occasionally displays chatoyancy in hand specimens.
The quartz is distinctive because of its large size (as-mugh
as 6 mm diameter) and because it frequehtly occurs és
euhedral, dipyramidal crystals. The upéer member also
contains 2 to 4 percent biotite. Most hand specimens also
contain 1 to 2 percent small lithic fraéments, consisting
mostly of réd andesitic (?) material. &he upper meémber
contains 5 to 10 percent pumice at the Ease and 10 to 15
percent pumice at the top. This pumice:is white to gray
and crystal poor.

In thin section, the sanidine is subhedral and ranges
from 0.15 ta 3.5 mm in length. The gquartz is euhedral to

subhedral and occasionally embayed. It has an average
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diameter of 1.6 mm, but the méximum diameter observed in
thin sectirn is 4.0 mm. Two to 4 percent biotite and 1
to 2 percent magnetite occur in the rock. The biotite
vhas an average length of about 0.4 mm.- The matrix was

devitrified in all of the thin sections examined.

Sandstones (Tzs,) . Overlying the tuff of Caronita

Canyon is a 20- to 80-foot interval of finely laminated to
‘crossvbedded sandstcne. This sandstone was mapped.by'

Osburn (19278) in Sixmile Canyon. It also occurs on‘Timberl
Peak and was found in talus on the western side-of Ryan

Hill Canyon, although no outcrops were fiound. East of

Ryan Hill Canyon, it occurs in scattered outcrops in Caronita
and Chavez Canyons, and in the upper :eéches of Molino and
Madera Canyons. The sandstone consists}mostly of detritus
derived from the underlying upper membef of the tuff of
Caronita Canyon; in many places, it consists mostly of,
large, euhedral quartz grains similar to the quartz. phenocrysts
in the underlying tuff. The sandstone unit is usually 20

to 50 feet thick, but in a few places it may be as much as

80 feet tﬂick.

The sandstone often Erops out in lédgy slopes. Usually,
the sandstones have-even, thick bedding (0.1 to 1.0 m.) and
fine to very fine (0.1 to a few mm.), planar, parallel
laminations. A few outcrops containing;coarse—grained
sandstone display planar cross-bedding. In hand specimen,

the sandstone is usually brownish gray to gray. It consists
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moétly of poorly to moderately sorted, fine- to coarse-
grained quartz and feldspar in a red to gray mat?ix.' The
sandstone usually contains subequal amounfs of quartziand
feldspar, although qguartz usually predominates over feidspar.
it usually contains a few percent magnetite (?) grains and

rock fragments.

Andesite Lavas (Txa3l; A sequence of andesite lavas_
overlies the tuff of Caronit. Canyon on Timkar Peak and on
the ridge betﬁeen Timber Peak and Italian Peak. The andesite
lavas apparently pinch out to the south; they do not occur
east of Italian Peak in secs. 27 and 34} and they were nof
seen in Caronita and Chavez Canyons. H?wever, a thin
sequence of andesite lavés overlies the%tuff of Caronita
Canyon north of Molino Peak. The lavasyare about 150 feet
thick on Timber Peak. South and east of Timber Peak, they
thin to about 50 feet in thickness. chasionally, the
andesites form ledgy outcrops, but usuaily they form talug-
covereé slopes. In mary places south o? Timber Peak, these
andesites are only seen in talus and coiluvium. The rocks
in this unit consist of greenish-gray to reddish-gray
andesites and basaltic andesites. The andesites are
dense and fine graiged, while the basalﬁic andesites are

dense to vesicular and contain as much as 10 percent

hematized pyroxene (?) phenocrys%s in an aphanitic matrix.

Tuff of Lemitar Mountains

The tuff of Lemitar Mountains is a multiple-flow,
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coﬁpqgitionally zoned, simple to compound cooling unit of
densely welded rhyolite tuff (Chapin and others, 1978). The
outflow sheet can be divided into a crystal-rich upper
member and a more crystal~poor lower 'member. The Socorro
cauldron is believed to be the source for the tuff of
Lemitar Mountains ' (Chapin and others, 1978).
| Detailed petrograﬁhic work on the tuff of Lemitar
Mountains has been done by Simon (1973), Osburn (1978)
and Chamberlin (in preparation). Simon {(1973) studied
samples from the Crouch drill hole in the Silver Hill area
(he.misidentifiéd the unit asg tuff of La Jencia Creek due
to its presence in a paleovalley): Osburn (1978) describéd
the tuff of Lemitar Mounhtains in the soﬁtheastern Magdalena‘
Mountains, just north of this study area. He measured and
described a stratigraphic section of the lower, moderately
crystal-poor member in Sixmile Canvon (sec; 7, T. 4 8.,
R. 2 W.). Chamberlin (in preparation) described a section
in the Lemitar Mountains, after which the tuff is named.
. K-Ar dates of 26.3 i.l.O m.y., 27.0 % 1.1 m.y., and 28.8
+ 0.7 m.y. have been obtained from the tuff of Lemitar
Mountains (Chapin, unpub. data). All aﬁe biotite dates;.
the average is 27.4 m.y. | |

The tuff of Lemitar7Mountains is widely distributed
throughout the study'area. It caps Timber Peak and occurs
in scattered outcrops on the ridge trending south from

Timber Peak. It also occurs in relatively continuous

outcrops throughout the central portion of the study area.
i
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The tuff of Lemitar Mountains is about 500 feet thick on
Timber Peak (erosional top); east of Italian Peak (sec.
35, 7. 4 8., R. 3 W., unsurveyed), it is abbut 1400 tb
1500 feet thick. Throughout the central part of the study
area, the tuff of Lemitar Mountains is about 1500 to 1800
feet thick. Chamberlin (oral communication) reports that
it may be as much as 2900 feet thick in the northern

. Chupadera Mountains. Howevef, Osburn (18978) reports that
the tuff is only 650 feet thick at the Tower Mine (NW/4,
NW/4, sec. 7, T. 4 8., R. 1 W.). '

The relative thicknesses of the uppér and lower members
is also wvariable over the study area. East of Italian
Peak, the lower mémber.varies from‘aboﬁt 200 to 400 feet
in thickness, while the upper member isfabout 1100 to -1290
feet thick. Further east, in Chavez Canyon, the lower
member varies from-about 300 to- 800 feet thick and the
upper member is about 1100 to 1200 feet thick. .

These thickness variations can be explained in two
ways. First, the tuff of Lemitar Mountains could have
partially filled an irregular depression remaining after
the Sawmill Canyon cauldron formed. The tuff of Lemitar
Mountains is usually about 400 feet thick in the outflow
facies in the Lemitar Mountains {(Chamberlin, 1979, oral
communication), compared Eq an average thickness of about
1500 feet in the study area. Second, the slight increase
in thickness from west to east could represent a thickness

increase across a hinge zone along the western margin of
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the Socorro cauldron if it is of ﬁﬁe trap-door type (Plate
2}).

The tuff"of Lemitar Mountainsiusually overlies the
tuff of Caronita Canyon; however, in a few places, it overlies
andesite lavas of the Txa3 unit {on.Timber Peak and on the
ridge south of Timber Peak) or the sanidine rhyolite-lava
{north of Molino Peak). In the cenﬁral,part of the Study‘
area, the tuff of Lemitar Mountains is overlain by either
basaltic éndesites (Tbal) or the tuff of South Canyon. The
basaltic andesites apparently pinch out to the south (in
sec. 33, T. 4 8., R. 2 W.). Further west, in secs. 35’
and 36, T. 4.5., R, 3 W., it is overlain at different
locations by one of the following: tuffs and sandstoﬁes
(Ttl), rhyolite‘lavas (Trl), the tuif of South Canybn, or
mudflow deposits of the Popotosa Formation (Tpl).. This
variation in overlying units was pfobably caused b&
topographic depressions on top of the tﬁff of Lemi£ar

Mountains. The Popotosa Formation also overlies a regional

unconformity formed on the older Oiigocéne rocks.

Lower Member. Osburn (l978),dividéd the lower member

of the tuff of Lemitar Mountains into three zones on the
basis of outcrop pattern, degree of welding, total pheno-
cryst content, pumice-and lithic content, and color. 1In
general, the lower member aﬁaraées 13 pércent phenocrysts
of sanidine, quartz and biotite. The phenocryst morphologies
and sizes ére fairly~constant throughout the lower member

(Osburn 1978, Fig. 9).
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The basal zone of the lower member is light gray to
brown in colorx, podrly to moderately.wclded, moderately
lithic rich, and pumiceous. East of Italian Peak (secs.

27 and 34, T. 4 S:} R. 3 W., unsurveyed), the basal zone
is very poorly welded and thus forms rounded to very
irregularly shaped ontcrops. On Timber and Molino Pea%s,
the poorly welded tuff is absent or scarce, and the basal
zone is usually gray to white and moderately welded. There,
it forms moderately steep slopes and weathers to angular
talus fragments. The basél zone usually contains 10 to 15
percent phenocxrysts of sanidine and gquartz, and 5 'to 10
percent lithic fragmenfs. However, one thin section of
the very poorly welded tuff only contaips 5 to 8 percent
phenocrysts. Osbqrn fepcrted trace amounts of plagioclase
in the lower zone; however, none was observed in thin
sections from the lower zone in this study area.. fhis
basal zone is usually 50 to 100 feet thick, although it
may be absent or very thin in Chavez Canyon. It may be

as much as 100 to 150 feet tﬁick on Molino Peak.

Above this basal zone, the lower member is grayish red
to reddish brown. OQutcrops are often steep and ciiffy and
they may appear brecciated; the tuff breaks to form sharp,
angular fragments. This second zone has a gradational
contact with the basal zone. It usually contains 8 to 12
percent phenocrysts of quartz and sanidine, and minor
biotite. This zone usually contains a few lithic fragments,

and pumice is not prominent.
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The third and upper zone of the lower member often
has a streaked appearance produced by an increase in the
size and abundance of light-gray, highl§ compressed pumice
and by darkening of the matrix. See Osburn (1978, p. 38-
41) for photographs and a desc;iption of the mineralogy of
this zone. The phenocryst content.ﬁf thié zone increases
from 8 to 15 percent upward in the ‘section. The rock has
an average quartz content of 2.5 perCen?. |

In thin section; sanidine is the most abundant phenocryst
‘(8 to 10 percent), has an average length of about 0.9 mm,
and may show a perthitic texture {Osburﬁ, 1978, p. 35);
Quartz occurs in amounts between 1 and 6 percent and has an
average diameter of 0.7 mm. Trace amouﬁts of biotiﬁe and
magnetice also occur in the lower member. Osburn reported
a trace amount of plagioclase; but. it was largely altered

to clay minerals.

Upper Member. The upper member of the tuff of Lemitar

Mountains is usually.red to grayish ?edﬁ it -is crystal rich
and usually contains 30 to 35 percent phenocrysts of sani-
dine, plagioclase, quartz, and biotite.:'@ It usually weathers
to form rounded outcrops which may form rounded, talus
covered slopes, with occasional cliffs énd ledges. 1In

the south-central portion of the study %rea, the upper
member occasionally weathers to form "s}abby" outcrops.
These "slabs" are usually a few inches thick and one foot

to several feet in width and length.
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The contact with the underlying léﬁér menber is ;
gradational over an intprvél of 5 to 50;feet. This contaét
is marked by a gradual increase in the total phenocryst |
content to apout 35 ?ercent, and a parallel increase in
plagioclase content. Osburn (1978) réferred to this zone

as the "transition zone." fhé:base of the u?per member: was
mapped at the increase in phenocryst content, or where

-the prominent pumice streakiﬁg in tﬁe lower member ends.

The upper few tens of feet of the tuff éf Lemitar
Mountains may be gray or pinkish éray.l Osburn believed
this to bhe a zonation in the tuff rathér than alteration,
since most of the phenocrysts were freéh. The total phenéu
crysts content ranges up to almost 50'percént, but the
plagioclase content 1s only about 2 percent in this part
of the Euff.

The upper member contains both gray and red pumice.
Osburn reports that the red pumice is scarce in the northern
part of his area, but becomes more abundant to the south.'
Both the gray and red puﬁice occur in Ehis study area, but

| .

the red pumicé predominates. The red pumice is quartz- and

sanidine-poor, but plagioclase- and bidtitemxich; it may
occur as large streaks several feet in length (see. Fig.
11). ‘

In thin section, sanidine is the most abundant pheno-
cryst in the upper member.and may compfise as much as 25

percent of the lower portion of the upper member. Osburn

{(1978) reports that plagioclase compfiées about 7 percent

i
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Figure 11. Red pumice in the upper member of the tuff
of Lemitar Mountains {(SW/4, sec. 19, 7. 4 8., R. 2 W.).
The tuff also contains gray pumice, but it is less
abundant than the -red pumice in the area where this
photogramh was taken. The red pumice contains abundant
plagioclase and biotite, but little quartz and sanidine.
Some of this pumice may be several feet in length.
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and quartz about 1 percent of the rock in this lower port%on.
Thin sections from the upper portior of the upper memberxr
contain as much as 50 percent Eotal phenocrysts: sanidine
{(average length, 1.4 mm) comprises about 25 percent of the
rock, quartz (ave?age lengthf 1.6 mm} comprises about 15
percent of the rock and biotite coﬁprises 3 to 5 percent

of the rock.v Another phenocryst, which is too altered tov
identify, comprises abdut 2 percent of the rock. This

mineral may be plagioclase.

Tuffs and Sandstones (Ttlf

A sequence of thin, welded tuffs and sandstones over-
lies the tuff of Lemitar Mountains in sec. 35, T. 4 S.,

R. 3 W., unsurveyed; This unit probably occurs in a
paleovalley which formed on an erpsidn surface on-top of
the tuff of Lemitar Mountains.

These tuffs and sandstones occur at the same strati--
graphic interval as 5hé unit of Luils Lopez, mapped b& _
Chamberlin (in preparation) in the_nort#ern Chupadera
Mountains. The unit of Luis Lopez is tﬁe moat £ill of the
Socorro cauldron and is widely exposed in the northern
Chupadera Mountains. However, because §f the limited
exposures, it is not possible to determine if the tuffs
and sandstones in the study area correlgte with the unit
of Luis Lopez. |

The thickness of this sequence of tuffs and sand-

stones varies from 0 to 350 feet. The séquence is composed
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of at least three tuff‘units‘and one sandstone unit. Each
of these units is 100 feét, or less, in thickness.

The tuffs consist mostly of pink-to-brown, crystal-
poor (1 to 5 percent phenocrysts), moderately lithic-rich
{10 to 20 percent), pooxrly to moderately welded, rhyolitic (?)
ash-flow tuffs. They weather ;eadily and form very poor
outcrops. The sandstone occurs towards the top of the
sequence. This sandstone consists of very coarée, angular
grains of guartz, feldspar and lithic fragments. In a

few places, it may consist of angular breccia clasts.

Rhyolite Lava (Tr;)

A gray, érystal—poor, spherulitic, rhyolite lava
overlies the tuffs and sandstones of the Tti unit in NW/4
sec. 35, T. 4 8., R. 3 W., unsurveyed. It also unconform-
ably overlies the tuff of Lemitar Mountains. This rhyolite
lava, like the underlying tuffs and sandstones, probably
occurs in a paleovalley cut in the underlyine tuff of )
~£emitar Mountains. The rhyolite lava is overlain by the
fuff of South Canyon. Like ﬁhe underlying tuffs and sand-
st&nes, the rhyolite lava could be corfelativa with the
unit of Luis Lopez, but there are insufficient exposures
to determine this. |

The rhyélite lava is probably aboﬁt 200 to 250 feet:
thick. It érops out in a few blocky outcrops; elsewhere,

it is largely covered with colluvium. This rhyolite is

very crystal poor; few phenocrysts of any kind can be
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seen in hand specimen. The most characteristic feature
of this rholite i5 the -bundant sphe:ulitesvit.contains.
‘These spherulites are usualiy 1 fo 2 cm in diameter and
tend to occur in clusters of 10 to 20 or more. These
clusters are bound together by flow-banded rhyolite.
Individual spheruiites may be egg shaped to foothall

shaped, and have a length of 5 to 15 cm.

Basalt and Basaltic Andesite Lavas (Tba,)

A segquence of porphyritic, pyroxene—bearing, basalt and
basaltic andesite lava flows overlies the tuff of Lemitar |
Mountains throughout most of the central part of the study
area. These lavas pinch cut to the souﬁh.and are nét
present in the south-central portion of the stgdy area
(sec. 33, T. 4 S., R. 2 W.). Osburn (1978) mapped these
basaltic andesités north of this study area. Chamberlin
(oral communication) reports that basaltic andesite lavas
are present at this stratigraphic level 'in the Lemitar
Mountains. Basaltic andesite lavas are also present between
the tuff gf Lemitar Mounfains and the tuff of South Canyoﬁ
in the‘Joyifa Hills (Spra@lin, 1976} and eléewhefe in the
Magdalena area.

The lavas are usually about Solfeet thick, or less.
However, in W/2, sec. 21, T. 4 S., R. 2 W., they may be
as much as 350 feet thiék. Osburn (1978) reports that
these lavas may be as mﬁch as 600 feet thick along South

and Sixmile Canyons. He also states that some faults
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appear to cut the tuff of Lemitar Mountains, but not the
tuff of South Canyon; these faults may control the thick-
ness of the basaltic andesites. Faults do not appear to
control their thickness in most places in this study area.
However, a few places do contain somewﬂat thicker than

. normal accumulafions of the lavas and these could have
accumulated next to faults. The lavas usually occur as
"low, rounded hills covered with colluvium of small, angular
fragments; occasionally, they crop out along the sides of
stream beds.

In hand specimen, the basalt and basaltic andesite
lavas are usually gray to black and occasionallﬁ grayish
brown. They are porphyritic and may contain a few percent
phenocrysts of pyroxene, plagioclase and olivine set in an
aphanitic matrig._ Small olivine and pyroxene phenocrysts
about 1.0 mm in diameter are common; the olivines are
frequently altered to iddingsite and/or hematite.

One thin section of the basaltic andesités contains
. 40 to 45 percent phenocrysts of plaéioclase (Anéo; Michel-
Levy method, 10 grains). This plagioclase has a seriate
texture with sizes ranging from about 0.5 mm to 1.3 mm.
The plagioclase is mostly euhedral. The smaller pheno-
crysts of plagiéclase are arranged in a very crﬁde parallel
alignment. Clinopyroxene (probably augite) comprises 4 to
5 percent of the rock and occurs as subhedral to euhedral
phenocrysts with an average diameter of about 0.35 mm.

Some of the pyroxene occurs in glomeroporphyritic clumps
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which may be as much as 1.8 mm in diameter. Two to 3
percent phenocrysts of euheéral to subhedral olivine,

with an average diameter of 0.5 mm. occur scattered through-
out the rock. The olivine has been partially resorbed. -
The outer rims of most of the olivine are alte;ed to
iddingsite (?) or hematite; some olivine crystals are

almost completely rep;aced by these minerals. The matrix
-of the rock éonsists-mostly of glass and microlites of
-plagioclase. It also contains a few percent pjroxene and
olivine. The thin section contains aboﬁt 10 percent

vesicles; a few of which are filled with calcite.

Rhyolite Dome (Trz)-

A pink-to-~gray, phenocryst—ﬁoor, spherulitic, rhyolite
dome crops out in sec. 19, ?. 4 S., R.’éwW. This rhyolite
overlies the basaltic andesites (Tbal) énd is overlain by
the tuff of South Canyon. The rhyolite is described as a
dome because of its restricted lateral extent. However,

- it could also be a rhyolite lava with a very restricted
distribution. The rhyolite occurs at the same stratigraphic
interval aé the unit of Luis Lopez (in ﬁhe northern Chupadera
Mountains). It has a,maﬁimum.thicknessfof about 600 feet.
The rhyolite occurs.in relatively contiﬁuous, klocky out-
crops along the crest of a hill; along éhe sides of this
hill, the'rhyolite crops out in more,ledgy exposures
surrounded by colluvium. |

In hand specimen, the rhyolite usually has a pink
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matrix, which is filled with gréy to white spherulites and
masses of secondafy cguartz and chairedony._ Thesn spherulites
are usually about 1 to 2 cm in diameter and they vary from

0 to about 20 percent in abundance. Usuaily,-the secondary
quartz and chalcedony forms 10 to 50 percent of the rock.

It occurs mostly as small, rounded to irregular masses, a
few mm to 2 c¢m, or more, in diameter, and scattered through-
out the rock. In thin section, the rhyclite consists
mostly of spherulitic aggregates of alkali feldspar and
silica minerals, and cherty quartz. The thin section also
contains a few crystals of seconduary quartz és large as

0.3 mm in diameter.

Tuff of Sputh Canyon

The tuff of South Canyon is a multiple-flow, simple
coolingrunit of'rhyolite ashmflow tuff (Chapin and others,
1978). Osburn (1978) named this tuff after a measured
stratigraphic section at the mouth of South Canyon (SW/4,
sec. 30, T. 3 8., R. 3 W.). BAll of the;tuff units above
tuff of Lemitar-Mountains have been calied the upper tuffs
by some recent workers. Simon (1973) mapped upper tuffs
in the Silver Hill area, but the relatiénship between his
upper tuffs and the tuff of South Canyo£ is unknown. The
tuff of South Canyon is equivélent to tﬁe upber "pPotato
Canyon Tuff" of Spradlin {1976) in the Joyita Hills. The
tuff of South Canyon has recently been deséribed by Allen

(in preparation) and Bowring (in preparation) in the
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Magdalena Mountains, and Chamberlin (in preparation) in
the Lemitar and Chu?adera Mountains. Chapin éhd others
(1978) have correlated the eruption of the tuff of South
Canyon with the collapse of the Hop Canyon cauldron. The
tuff of South Canyon has been dated at 26.2 £ 1.0 m.y.
using the K/Ar method on biotite from rocks collected in
the Joyita Hills.

The tuff of South Canyon occurs in outcrops which trend
north-northwest in the central portion of the study area.
There, it overlies the tuff of Lemitar Mountains, the
basaltic aﬁdesite lavas (Tbal) or a rhyolite dome (Trz).
It is overlain in most of this area by basalt and basaltic
andesite lgvas (Tbaz), although in secs{ 17 and‘18, T. 4 5.,
R. 2 W., it is overlain by tuffs of the Twt unit. The ﬁuﬁf
of South Canyon is usually between 250 and 750 feet thick.
Most of the variation in thickness is due to erosion on
top of the tuff of Lemi£ar Mountains. fhe tuff of Scuth
Canyon also crops out in sec. 36, T. 4 é., R. 3'W., on the
. western side of Ryan Hill Canyon. Theré, it overlies
either the tuff of Lemitar Mountains or rhyolite lavas of
the Tr, unit and is overlain by the lower Popotoéa Formation.
A small outcrop of theAtuff of South Canyon also occurs
on the western side of Ryan Hill Canyon in sec. 21, T. 4 S.,
R. 3 W., unsurveyed.

See Osburn (1978) for a detailed description of the

mineralogy and zonation of the tuff of South Canyon. In

general, the tuff of South Canyon contains subequal amounts
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of guartz and sanidine except neér the top of the unit,
where sanidine may be nearly twicg ns abundant a~ quartz.
The sanidine often displays chatoyancy. The total pheno-
cryst content increases from about 3 perceﬂt ét the base
of the tuff tb a maximum of about 21 percent above the .
middle of the tuff and thep decreases to ébout 12 percent
at the tép of ﬁhe tuff (see Osburn, 1978, fig. 14). Most
of the tuff contains a trace of several percent lithic
fragments; the basal porﬁion of the tuff may contain as
much as 8 percent lithic fragments. Thé'tuff contains 10
to 35 percent pumice. ?
The fufif of South Canyon can be aivided into three
zones based on degree Qf(welding, chara?ter of the pumice,
and presence of lithophysal cavities. fhe basal. zone is
poorly welded, crystal poor (3 to 9 peréent phenocrysts) ,
and may contain 3 to 8 percent lithic ffagments. This |
basal interval ié best exposed in sec. iS, T. 4 S., R. 2 W.,
where it. is about 50 to 100 feet thick.‘i South of this area,
the basal zone is usually 10 to 50 feet thick. This zone
usually weathers very easily and may form saddles between
topographic highs of the overlying material (see Fig.

12). 1In sec. 33, T. 4 S., R. 2 W., a portion of this zone
was unwelued. !

Above the basal zone is a lithophysal zone ﬁhich is
highly welded and may contain 1ithophysé1‘cavities as much
as 6 inches in length. fThis zone occur? sporadically in

sec. 18, T.. 4 S., R. 2 W.: elsewhere, it is usually not

exposed.



Figure 12. Basal, poorly welded, moderately lithic-rich
zone of the tuff of South Canyon (SE/4, sec. 18, T. 4 S.,
‘R. 2 W.). This could be an air-fall tuff or a series of
thin, ash~flow tuffs at the base of the unit. Osburn
(oral communication) reports that the basal portion of
the tuff of South Canyon occasionally contains bedded
tuffs in Sixmile and South Canyons.
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The upper zone has a streaked appearance imparted by
abundant light-gray pumice in a darker; pale—réd or grayish-
red matrix. The upper zone is the most common of the three
zones; most »f the tuff of South Canyon in_this study aréa,
belongs to this zone. The upper zqné is-modgrately to
densely welded and weathers to angular, Elocky talus which
covers most of the exposures. |

In thin section, the tuff of South Canyon consists
mostly of sanidine and quartz, which are usually present
in subequal amounts. Osburn (1978) reported traces of
badly altered plagioclase, but no’ plagioclase was observed
in thin sections from this study area. Trace amounts of
magnetite (?) and smail,'euhedral biotiﬁe‘phenocrysts occur
in the tuff of South Canyoﬁ. As much aé 8 percent lithic
fragments occur.iﬁ the lower, crygtal-péor part of the
tuff, but they decrease in abundance upward in the tuff.~
The lithic fragments consist of gray-to-red, aphanitic,
silicic rock fragments (some are flow-banded), andesite,
and cryétal—poor to crystal-rich tuff (?) fragments.
Fragments from both the lower and upperftuff of Lemitar
Mountains also occur in the tuff of South Canyon.

The sanidine is subhearal to euhedral and has an
average length of l.O'mm. The laryest éhenocryst in the
section has a length of 3.0 mm. Carlsbéd'twinning is
common in sanidine, and much of the sanidine shows er
solution of albite in thin section (see Osburnf 1978,

Fig. 16). Quartz occurs as subhedral to euhedral crystals,
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which are occasionally embayed and have an average diameter

of 1.0 mm. They often sl.ow internal conchoidal fracturing.

Bazalt and Basaltic Andesite'tavas (Tha,)

A seguence of‘basalﬁ and basaltic andesite lavas ovexr-
kies the tuff of South Canyon in the éentral portion of the
study area. These rocks are similar to the basalt and |
_bésaltic andesite lavas (Tbal) that underliie the tuff of
Souti. Canyon. They usually contain 10 to 25 percaent pheno-=.
crysts of pyroxene, olivine aﬁd plagioclase. These lavas-
have noé been dated, so they could be anywhere from 12
m.y. old {age of overlying Pound Ranch lavas) to 26.2 m.y.
old {(age of the underlylng tuff of South Canyon)

The thickness of these lavas varies from 0 to 600 (?2)
feet in this stddy area. Osburn (1978)}reports that they
post-date erosion Qf the tuff of Sﬁﬁth Canyon and are cut
by a later period'of erosion in the area he mapped. This
appears to bevthe case in this study area as well, and it
. probably explains much of the thickness variation £hrough—
out the a;ea.‘ The lavas.pinch out to t@e north of this
study area in secs. 17 and 18, T. 4 S.,iR. 2 Ww., but they
are exposed again further north in the érea mapped by
Osburn (1978). - 3

In secs. lé, 17 and 21, T.-4 5., Ri 2 W., the basaltic
andesite lavas are overlain by either t#ffs of the Twt

unit or the Pound Ranch lavas. Elsewhere in the study area,

the upper contact of these lavas is not  exposed.
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(0-35C £t.)} BASALTIC ANDESIT?E +to BASALTIC
L :  La Jara Peak like, gry., dense baszltic
andesites with abun., small, rd., heratized ferromag.
cien.,  Alse, Iminor,,rd.-blx, olivine-rich, plag.-
porphyritic tasal+ts with ollivine clots to 2 cm.

T

Figure 13: Miocene e Hdlocene‘stratijfaphiq section for -
rocks in the eastern. Magdalena Mountains and -west-central :
Chupadera Mountains, Descriptions modified after Osburn, . .-
1978, A ‘ o
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These lavas-hsualiy form gentle, rounded slopes covered
with colluvium. 1In hand specimen, *he lavas are usually
" gray to black whén fresh, and brownish gray when éltered.‘
They contain 10 to 25 percent phenocrysts of pyroxene,
olivine and plagioclase. Frequently, both the pyroxene
and olivine are replaced by hemaﬁite, so it is difficult
to estimate the relative abundance of these minerais in
- hand specimen. |

Osburn (1978) reported that some of these rocks in
his study area contain olivine clots as much as 2.0 cm in
diameter. These rocks are coarsely porbhyritic and céntain
as much as 25 percent phenocrysts of plégioclase, olivine
and pyroxene. The 8102 content of thése rocks is 49.5°
percent (Osburn, 1978, appendix B). -

A thin section of a sample from SW/4,-section 2i,
T, 4 S., R. 2 W., contains about 15 per#ent pheﬁoérysts
of olivine, pyroxene and plagioclase in;a matrix that
. consists mostly of plagioclase. Qliviné_phenocrysts with
an average diameﬁer'of 0.4 mm comprise about 5 percent of
the rock. Most of them are subhedral apd have been partially
resorbed. They are usually partially aitered to iddingsite (?)
and hematite. Subhedral to anhedral pyioxene phenocrysts~
{(probably augite) with an average diame%er of 0.75 mm
comprise about 5 percent of the rock.

Plagioclase comprises most of the ﬁatrix and a few

|

percent of the phenocrysts. It has an average diameter of

0.2 mm but has a seriate texture. Osburn (1978} reported
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that the plagioclase compositions -in the rocks he sﬁqdied

vary betwe.n An49 and Ar (Rittmann zone method, 6 grains).

70
The plagioclase in the thin section studied for this thesis
has a composition of An68 (Michel-Levy method, 8 grains).
The matrix is composed mostly of plagioclase with a
pilotaxitic texture. Thirty to 40 percent of the matrix

also consists of small pyroxene, oliwvine and magnetite

‘grains.

Lower Popotosa Formation

The Popotosa Formation was named b? Denny (1%40) for
exposures of fanglometates and plava debosits of the lower
Santa Fe Group along Arroyo Popotosa southeast of the Ladron
Mountains. The Popotosa consists of a wvariety of rock types,
including mudstones, siltstones, saqutbnes, conglomerates
and mudflow deposits. Only the mudflowgdeposits of the
dlower Popotosa Formation are exposed in!this Qtudy area.
Most of these belong to the "fanglomerate facies" described
by Bruning (1973).

The‘lower Popotosa Formation crops out in three-loca—
tions. Oné outcrop occurs in sec. 13, F. 4 8., R. 2 W.
fhe base of this outcrop is not exposed and the top is
eroded; north of this study area, in tﬂe areas mapped by
Osburn (1978) and Chamberlin (in preparétion), the lower
Popotosa is overlain by‘playa mudstones;that probably

belong to the upper Popotosa. Several smaller outcrops

of the lower Popotdsa occur in sec. 18, T. 4 S., R. 2 W.
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Osburn (1978) called these pre-~Pound Ranch lava sedimenfs
(Ts), bit their age and lithologic -haracteristi_s correlate
with those of the lower Popotosa. These sedimentar§ rocks
overlie the upper member of the tuff of Lemitar Mountains
and the tuff of South Canyon. They aré overlain by the
upper Pound Ranch lavas. They gonéiét mostly of reddish-
brown, well-cemented mudflow breccias and congiomerates.
In sec. 36, T. 4 Si’ R. 3 W., the Popotosa overlies both
the tuff of South Canyon and the upper member of the tuff
of Lemitar Mouhtaiﬁs. There, the Popotosa is overlain by
a poorly welded'tuff (th) éf uncer?ain age. This tuff
may be equivalent to the Twt tuffs thatiunderlie,the
upper Pound Ranch lavas further.north.
The age of these sedimeﬂtary rocks must be between

that of the underlying tuff of South Canyon (26.2 m.y-.)
and the overlying Pound Ranch lavas {10.4 m.y.). They
overlie the tuff of South Canyon with angular unconformity"
iﬁ sec. 18, so they are probably a few million ye;£s younger
than that unit. In sec. 36, the.Popoto%a dips steeply (35
degrees), but not as steeply as the undérlying units. The
Popotosa appears to be cut by an erosioh surface in sec.

18; Osburn (1978} reported that.the lowér Popotosa appears
to be cut by an erosional unconformity of considerable
relief southeast of the Pound Ranch.

| The Magdalena Mountains were probably uplifted and
eroded during Miﬁcene time, thus acting as a source for

the Popotosa Formation (Bruning, 1973). The Popotosa
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Formation probably accumulated in topoéraphic depressions,
producing thickness variations at the time of deposition.
Subseguent erosion may have produced even greater variations
in thickness. In sec. 18, The Popotésa is about 200 feet
thick and in sec. 36, it may be as thick as 500 feet.
Elsewhere, an accuraté thickness cannot be detefmined.

The lower Popotosa mudflow deposits usually form well-
exposed outcrops. They- -frequently crop out-as cliffs énd
ledges. Uéually, the outcrops are fairly massive and
display few sedimentary structures; howéver, in a few
places, the mudflow deposits are crudely bedded (see Fig.
14). The Popotosa mudflow deposits'are?well indurated,
but they freqﬁently weather to individuél boulders
{(Fig. 15). |

The rocks are usuaily reddish brown in. color and
consist of angular to rounded, boulder and cobble clasts
in a sandy to silty mafrig. The clasts are very poorly
sorted and the larger clasts are often supported by the
finer-grained matrix. This is characte;istic of clasts
transported by mudflows. Fragments of the upper member
of the tuff of Lemitar Mountains are the most abundant
type of clast; they usually compriée So;to 75 percent of
the cobble and boulder clasts. The othér clasts consist
of fragments of the tuff of South Canyoﬁ, andesite oxr

basaltic andesite, the lower member of the tuff of

Lemitar Mountains and the tuff of Caronita Canyon.



Figure 14. Outcrop of lower Popotosa mudflow deposits
(sw/4, sec. 36, T. 4 8., R. 3 W., unsurveyed). These
rocks dip 35 to 40 degrees to the east. .

Figure 15. Outcrop of lower Popotosa mudflow deposits
from same location as in Figure 14. These deposits
consist of angular to rounded, cobble to boulder clasts.
Fragments of the upper member of the tuff of Lemitar
Mountains (L) comprise about 75 percent of the clasts

in this area. The other clasts consist mostly of
andesite (A); the lower member of the tuff of Lemitar
Mountains, and the tuff of Caronita Canyon {lower member,
Cyi upper member, Cyq ).
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Pre~Lava Ash—FloQ Tuffs {(Twt and th(?))

A thin sequence of poorly weld~d, lithic- ard pumice-
rich, light~colored ash-flow tuffs (Twt) underiies the
Pound Ranch lavasg in the Pound Ranqh area (Osburn, 1978).
Only a few small exposures of this unit occur in the north-
central portion of this study aréa (secs. 17 and 18, T. 4 S.,
R. 2 W.). A small outcrop of tuffs of similar appearanceg
(th) occurs in SE/4, SsW/4, sec. 36, T. 4 8., R. 3 W. in
Ryan Hill Canyon. These tuffs are poorly welded, lithic
and pumice rich and light broﬁn; they may be equivalent
to the Twt tuffs, but limited exposures make it impossible
to demonstrate this.

The tuffs in both Ryan Hill Canyon and secs. 17 -and
18 overlie an erosional unconformity. fhe Twt tuffs are
overlain by the upper Pound Ranch lavas, while the Tt,
tuffs have an erosicnal top. The Twt tuffs are 0 to 200
feet thick in secs. 17 and 18, and the Tt, tuffs are 0 to
about 60 feet thick. | |

Osburn (1978) reported that the Tw£ tuffs contain as
much as 20 percent phenocrysts of plagioclase, sanidine,
quartz, biotite and hornblende. This mineralogy is similar
to that of the 'lower Pound Ranch lavas and the two units

may be related.

Lower Pound Ranch Lavas

Crystal-rich, quartz-rich lavas crop out in sec. 15,

T. 4 S., R. 2 W., along the northern bofder of the study
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area. Osburn (1978) named these the lower Pound Ranch
lavas. These lavas have been dated at li.B ¥ 0.5 m.y.
using the K/Ar method on biotite (Osburn, 1978). In
mineralogy, the lavas are latites or quartz latites; but
chemically, they are rhyolites (73.0 percent Sioz; Osburn,
1978; appendix C). Chamberlin {in preparation) has mapped
lavas interbedded in the Popotosa Formation in the Socorro
Peak area that are similar in litholdgf and age to the
Pound Ranch lavas. |

The lower Pound Ranch lavas crop out in a much smaller
area than the upper Pound Ranch lavas. The lower Pound
Ranch lavas cover about one quarter of é square mile
in this study area. These lavas are noé exposed more than .
about a mile south of the northern bordér of this thesis
area. It is possible that the lavas never flowed much
further south than their present exposures.

Osburn (1978) reported a minimum thickness of 400
feet for the lower Pound Ranch lavas. The lavas are
~ probably this thick in sec. 15, but the top of these lavas
is eroded. These lavas usﬁally weather to form rounded ’
boulders that cover much of the outcrop, although occasional
cliffs and ledges do occur.

In haﬁd specimen, the lower Pcuand Qanch lavas are
usually light brown or pink and containiabundant, coarse
phenocrysts of plagioclase, sanidine, quartz and biotite.
Crude flow banding can occasionally be seen in the lavas;
the flow banding is defined by gray streaks in the brown

matrix.
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In thin section, the rock contains 25 to 30 percent
phenocryste of quartz, plagioclase, saniaine and biotite.
About 10 to 12 percent quartz occﬁrs as énhedral to
subhedral, frequently embayed grainsyas mach as 4.0 mm
in diameter, but averaging about 1.0 mm. ‘Zoned plagio-
clase, which varies in length from 0.5 to 4.0 mm-and has
an average length of 1.5 mm,‘comprises 9yto 10 percent
o0f the rock. Osburn f1978) reported compositions from
An to An

24 4
Some of the plagioclase occurs in glomeroporphyritic

3 kRittmann zone method, 10 grains).

aggregates,'which may poikiliticly enclo%e crystals of
biotite. Three to 5 percent subhedral sénidine occurs in
the rock. It has an average length of about 1.6 mm, but
one phenocryst observed in thin section measures 1.0 cm
in length. Some euhedral sanidine phenocrysts as long as
2.0 cm occur in hand specimens. The sanidine in thin
section often poikiliticly encloses crysEals of biotite
and plagioclase. de‘to 3 percent 5iotiFe, 1 percent
magnetite and a trace amount of hornblenae also occur

in the rock. The groundmass consists of-spheruiites
{(probably inéergrowths of alkali feldspars and silica

minerals), and fine—grainéd guartz and potassium feldspar

Upper Pound Ranch Lavas
The upper Pound Ranch lavas are porbhyritic lavas
containing 10 to 25 percent phenocrysts of plagioclase,

biotite and hornblende. They occur in extensive outcrops
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in the area south of the Pound Ranch. Osburn (1978)
mapped most of these outérops and lﬂcatéd a probeble vent
about one mile southwest of Pound Ranch:(about one mile
north of this study area). . These laVas:crop out in secs.
15, 16, 17, 18, 21 and 22, T. 4 S., R. 2 W. It is 1ikely
that they never flowed much farther sou#h than their
present exposures. These lavas have beén dated at

10.5 © 0.4 m.y. using the K/Ar method on biotite (Osburn,
1978). 1In mineralogy, these lavas are andesites, but
chemically, they are rhyolites or quartz latites f72.3
percent 3102; Osburn, 1978; Appendix C);

The upper Pound Ranch lavas are prébably 600 feet
thick, or more, in sec. 16; ﬁhey appareﬁtly pinch out
to the south. These'lavas %ere deposit%d on an erosion
surface and they may unconformably 6veriie all units above
the tuff of Lemitar Mountains. In thisjstudy area, the
lavas are not overlain bylany units excépt Quaternary
alluvium. The upper Pound Ranch lavas usually weather
to rounded boulders that cover the more gentle slopes;
however, they also crop out as cliffs an? ledges on thé
steeper slopes, :

The upper Pound Ranch lavas are zoﬁed texturally,
but not mineralogically (Osburn, 1978). Close to the
vent, this unit cbnsists of a basal vit?ophyre, overlain
by a finely flow-foliated zone which gr%dually becomes

more massive upward. The finely flow-foliated zone is

not present in this study area; Osburn reports that it
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is restricted to within about a mile of the vent. The

basal vitrophyre is a few feetuto 100 feet thick. It

crops out fairly regularly in sec. 22{ elsewhere, the
outcrops are more sporadic. Above the vitrophyre, the

lavas are usually grayish red to light fed. ' They frequently
are brown to brownish red on the weathered surfaces. A
crudely defined flow banding is usuallyzpresent, although
some outcrops appear almost maésive."

Osburn f1978) reported an upward increase in the
phenocryst content from 10 to 25 percent. Thin sections .
examined for this thesis contain 15 to 20 percent pheno-
crysts of plagioclase, biotite, and hornblende. Plagio-
clase comprises 70 to 80 percent of thé:phenocrysts and
has an average 1éngth of 1.5 mm, aﬁd a méximum length of
3.3 mm. It occurs as euhedral to subhedral phenocrysfs,
and occasionally in glomeroporphyritic aggregates. Much
of the plagioclase is strongly zonéd; Osburn (1978)
reported that the composition may vary .from An32‘to An55
(Rittmann zone metheod, 20 grains). Some of this plagioclase’
poikiliticly encloses cfystals of biotite and possibly
hornblende. -

Biotite and hornblende each compriée 2 to 3 pexcent of
the rock. They are both pleochroic and‘display greenish-
brown to red colors. The euhedral to sﬁbhedral biotite
phenocrysts have an average length of aﬁout 0.7 mm. The

hornblende is also euhderal to subhedral and has an average

cross-sectional diameter of 1.0 mm. The matrix of the
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- vitrophyre consists mostly of glass, some of which has

undergone rartial spheruvlitic devitrification.

Tertiary Intrusive Rocks

White Rhyolite Dikes

The white rhyolite dikes are light ian color, massive
to flow banded, and contain 0 to 30 percent phenocrysts
-0f quartz, sanidine and biotite. A few of the more crystal-
rich dikes also ;ontain plagioclase; dikes that have heen
mineralized may contain sulfides. Most of the dikes occur
in the ncrthwestern portion of the study area (secs. 3, 4,
5 and 10, T. 4 S., R. 3 W., unsurveyed), although one also
occurs in Ryan Hill Canyon (sec. 26, T. 4 S., R. 3 W.,
unsurveyed). Most of the dikes were emplaced along north
or north-northwest trending faults; some dikes alsoc trend
east-west, parallel with the northern Sawmill Canyon ring
fracture. Most of the dikes are near vertical, although
locally the dip may vary. The dikes usually range from
a few inches to about 150 feet in thickness. K Some of
the more resistant dikes staﬁd up as "walls" above the
surrounding surface (Fig. 16).

In hand specimen, the whiée rhyolite dikes are usually
white or gray and may contain as much as 30 percent
phenocrysts. Quartz is usually the dominant phenocryst
and may comprise as much és 20 percent of the rock.
Sanidine is second in abundance but is usually not easily

recognized in hand specimens. Traces to a few percent
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Figure 16. White rhyolite dike 'in NE/4, sec. 4, T. 4 5.,
R. 3 W., unsurveyed. These dikes are a few inches to
about 150 feet in width. Some of the largest dikes form
prominent outcrops, as shown here, but most outcrops are
much more subdued.
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biotite may also be present. Many of the white rhyolite
dikes have been silicified and mineralized. Pyrife
(frequently altered to limonite) and minor chalcopyrite

occur in a few dikes. The gold mine in SW/4, sec. 3, T. 4 S..
R. 3 W., unsurveyed, is located along a white rhyolite dike
(see section on economic geology) .

In thin section, the quartz is usually euhedral to
subhedral and has an average diameter of 0.4 mm. Sanidine
is subhedral and has an average length of 0.9 mm; it has
usually been partially replaced by clay minerals. Biotite
usually has an average length of 1.0 mm. Some biotite(?)
phenocrysts are bleached and colorless.: Traces of badly

altered plagioclase occur in a few rocks.

Rhyolite Intrusions.

Two types of rhyolite intrusions occur in the study
area: one éontains sanidine and minor guartz and the
other is very crystzl poor. The sanidiﬁe rhyolite in-
trusions occur in the v:pper reaches of Eincon—Madera
Canyon {sec. 13, T. 4 S., R. 3 W., and éec. i8, T, 4 8.,
R. 2 W.). This rock type occurs in two;intrusions in the
study area; Osburn (1978) also mapped ohé of these in-
trusions and reported that at least two others occur in
the area he studied. These intrusions may have been
emplaced. along fault zones (see Plates i and 2);

alternatively, they may have been faulted since their

 emplacement.
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The crystal-poor rhyolite intrusions occur in Italian
Canyon (secs. 21, 27 and 28, T. 4 S., R. 3 W., unsurveyed)
and Ryan Hill Canyon (sec. 36, T._4‘S.,1R. 3 W.). fThe
intrusion in Italian Canyon appears to have partially domed
the overlying stréta; some of the unitslwest of tﬂe intru-
sion dip to the west. but the regional dip is to the east.

In outcrop, tﬂe érystal—podr rhyolite fregquently
stands out as blocky cliffs partially covered with talus.
These rhyolites are flow banded to massive and are usually
pink to gray in color. ‘Occasionally,'theyfmantain abundant
spherulites. Breccia occurs'along the margin of the
intrusion in Italian Canyon.

The sanidine rhyolite intrusions usually weather to
low, subdued outcrops, except where the rocks are.silicified.
These rocks closely resemble the Txx, rﬁyolite lavas. Theyd-_
are pale red to pinkish gray and contain 10 to 20 percent |
phenocrysts. Sanidine, the predominent phenocryst,

frequently occurs as large, tabular crystals, which may
: |

. be almost 1.0 cm in length. The gquartz is small and not

conspicuous in hand specimen. A few andesite lithic frag-

ments occur in some areas.

One thin section of the sanidine rhyolite contains
about 6 to 8 percent sanidine and Z to ? percent guartz
phenocrysts. The sanidine has a maximuﬁ length of 4.5
mm, but averages abou£ 2.0 mm. The quartz is subhedral

and has an average diémeter of 0.4 mm. About 1 percent

biotite and a trace of magnetite occurs in the rock.
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In thin section, the crystal-poor rhyolites con£ain
few, if anw, phenocrystr., A few small crystals of guartz
(about 0.1 mm diameter) occur in the thin section, bqt
most of these are prohably secondary quartz. The matrix
consists of fine—grained'(0.0l mm or less diameter) quartz

and potassium feldspar (?). ,

Monzonite Dikes .

Two monzonite dikes occur in the northwestern portion
of the study area (NW/4, sec. 3 and SE/4, sec. 4, f. 4 5.,
R. 3 W., unsurveyed). These rocks are dsually a mottled
green color and contain very coarse (5 c¢m or more in
length) feldspar phenocrysts. The dikes in this study
area are 30 to 50 feet thick and can be followed for onlwv
- a short distance on the surface. Some of these dikes in
the Magdalena Mountains stand up'as walié; however; iﬂ this
study area, the dikes usually form.low, founded outcrops.

Hand specimens of the monzonite dikes are grayish
green and coarsely porphyritic. Phenocrysts of feldspar,
quartz and mafic mine;alé may comprise 25 to 30 pércent
cf the rock; The feldspars probably consist of both
sanidine and plagioclase, but they are altered to a white,
‘clayey material. Many of the feldspar phenocrystslafe i
cm Or more in 1ength; and a few are as much as 5 cm 1ong.
The guartz usually occurs as small grains, l‘to 2 mﬁ in
diameter, and may comprise as much as 5 percent of the rock.
Most of the mafic mineralsuare probably biotite, although

some pyroxene and magnetite may also be present.
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Both of the monzonite dikes in thiéﬁstudy area have
been intenselv altered. The surrounding country rock has
occasionallylbeen altered and the intrusive contacts may
be bleached. ZXrewedl (1974) reported that many of the
mafic minerals had been replaced by chlorite; this probably
produced the green color common in the rocks. Si;icifican

tion of the dike and country rocks are also common.

Mafic Dikes
Small, fing~grained mafic dikes are common in secs.

3 and 4, T. 4 S., R. 3 W., unsurveyed, iﬁ the northwestern
portion of the study area. A few dikes also occur in secs.
9 and 10, T. 4 5., R. 3 W., uﬂsurveyed. Most of the dikes
probably intruded along faults,valthough displacemeﬁt along
these faults may be difficult to prove. 1In many cases, the .
mafic dikes intrude the same faults as the white rhyolite
dikes. Usually, the mafic dikes apﬁear to be younger
than the white rhyolite dikes. The mafic dikecs are a few
inches to a few feet in width and usual;y cannot be followed
" for more than a few tens of feet along strike.

| The mafic dike rocks are generally green in color and
fine grainéd; Occasionally, a few small phenocrysts of
plagioclase (?) can be seen in hand specimen. Alteration
tends to obscure the textures. Thin sections examined for
this study consist mostly of a fine-grained assemblage of
calcite, guartz and clay minerals. Relics of plagioclase (?)

and pyroxene (?) phenocrysts can be seen. Traces of hematite
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are present as replacement products of other minerals.

Tertiary-Quarternary Rocks

Sierra Ladrones Formation

Sedimenﬁs. The Sierra Ladrones Formation consists of
gently dipping, poorly consolidated sandé and gravels,
boulder alluvium and interbedded basalts, which comprise
the upper part of thé Santa Fe Group. The Sierra Ladrones
Formation was named by Machette (1978) for the Sierra
Ladrones, which are low foothills of the Ladron Mountains.
In the type area, the Sierra Ladrunes FQrmation is early
Pliocene to middle Pleistocene in age aﬂd the sediments
consist of alluvial-fan, piedmont-slope, alluvial-flat,
flood~plain and axial-stream deposits (Machette, 1978).

In this study area, the Sierra Lédrones Formation
Crops out_mainiy in a group of low, roundéd hills in
secs., 13, 14 and 24, T. 4 §., R, 2 W., and on a basalt-
capped mesa in secs. 25, 26, 35 and 36, T; 4 8,, R. 2 W.
A few small oﬁtcrops also occur in stream beds in secs.
14, 15, 23, and 24; Figure 17 shows a.tjpical outcrop in
a stream bed.

In the rounded hills (secs. 13, 14, and 24}, the
outcrops are almost always mantled by a‘lag gravel of
rounded cobbles and boulders. Outcrops#can only be seen
in a few places in sec.'l3, where stream erosion has
removed the lag gravel. These oﬁtcrops consist mostly

of sandy gravels, although occasionally, outcrops of
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Figure 17. Outcrop of Sierra Ladrones Formation in a
stream bed (SW/4, sec. 14, T. 4 8., R. 2 W.). The
sands and gravels of this unit are usually partly con—-
solidated, but they crop out poorly. The sediments

in the outcrop shown -here dip about 10 degrees to the
east; quaternary alluvium overlies the Sierra Ladrones
Formation.
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boulder alluvium occur. The boulders and cobbles in the
coarser—-grained deposits probably remaiﬁ behind after the
outcrops are eroded and the finer-grained se&iments
removed. Tﬁis eventually results in a layer of boulders
and cobbles which cover the older deposits. . These boulders
and cobbles are mostly rounded and consist of fragments of
tuff of Lemitar Mountains, tuff of South Canvon, basaltic
andesites and Pound Ranch lavas. A few scattered outcrops
of basaltic lavas (stl) crop out at the base of the
low hills in secs. 13 and 1l4. These basalts are probably
interbedded in the sediments. A minimum thickness for the
sediments of about 350 feet is indicated by the topographic
relief. |

Qutcrops of the sediments in the Sierra Ladrones
Formation on the basalt-~capped mesa {secs. 25, 26, 35,
and 36) consist mostly of sandy gravels. The sediments
and overlying basalt flows are nearly flat lying although,
locally, the dips may be 3 to 5 degrees. The topographic
relief indicates that the sedimentary unit is at least
300 feet thick on the basalt-capped mesa. This unit
erodes easily and is therefore poorly exposed in most
places; the best outcrops are in NW/4, sec. 25, Pebble
imbrications at this location indi.ate transport directions
£from ﬁhe southeast to the northwest (see Plate 1). Trans-
port directions from outcrops in sec. 14 also indicate

transport from the southeast to the northwest.

Basaltic Lavas. A series of basaltic lava flows ére
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interbedded in the Sierra Ladrones Formétion in the eastern’
portion of the study area.‘ These lavas all have similar
petrographic characteristics; they consist of a fineé-grained
mosaic of plagioclase, pyroxene and olivine. These rocks
were nmapped as two lava flows (‘I‘sbl and.stz), bhased on _
their general stratigraphic and field relationships.

The 'I'sbl lavas in Ssecs. 13, 14 and NW/4, sec. 24,
‘T. 4 8., R. 2 W. are probably interbedded in sands and
gravels of the Sierra Ladrones Formation. "These lavas may
dip 5 degrées oxr more to the northeast. The st2 lavas
overlie the sands and gravels, and are not overlain by
younger units. They are essentially flat lying, although
they may dip as much as 3 degrees to the northeast. Figure
18 shows the outcrop expression of some of éhese basalts
in the western Chupadera Mountains. Orientations can
occasionally be obtained on vesicles in the lavas, but
in most places, it is difficult to obtain strike-dip data.

The basalt flows have not yet been dated, but they
are interbedded in the Sierra Ladrones Formation, which is
probably of Pliocene to middle Pleistbcene age {(Machette,

1978)}. The Tsb., lavas probably have a maximum thickness

2
of about 200 feet; however, the top of these lavas is

eroded. The stl

obtain an accurate thickness estimate but they are probably

lavas are not well enough exposed to

less than 100 feet thick.
These rocks usually weather to gentle slopes covered

with blocky colluvium. Many of these blocks are several
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Figure 18. View looking east from Molino Peak. The
Chuvadera Mountains are in the center of the photograph.
The Rio Grande can be seen just above the top of the
Chupadera Mountains. The dark outcrops in the center
of the photograph are basalts capping a low mesa; the
western portion of this mesa is in the thesis area.

The basalts overlie sands and gravels of the Sierra
Ladrones Formation. A portion of a manganese mine

in NW/4, sec. 30, T. 4 S., R. 2'W. can be seen in the
lower right corner of the photograph.
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feet in diameter "and it is frequently difficult to determine
whether they are true outcrops or lcose blocks. w

In hand specimen, the basaltic lavas are usually
dense, gray to black, and fine grained. They consist mostly
of plagioclase, pyroxene and .olivine phenocrysts with a
diameter of about 1 mm. Occasionally, a few larger
phenoccrysts (2 to 4 mm diameter) can be seen. Some of the
basalts contain as much as 15 percent vesicles, which are
occasionally filled with calcite;

In thih section, the basalts consist of 5 to 10 percent
corroded olivine grains surrounded by an intergranular
‘mixture of euhedral to subhedral labradorite and inter-
stitial grains of augite. The two lava flows (stl and
‘stz) both contain similar percéntages of constituents,
although the.amounts of individual minerals may vary by a
few percenﬁ bétween flows.

Plagiociase (An54; Michel-Levy method, 10 grainsy
comprises about 60 to 70 percent of the rock. It has a
maximum length of 1.9 mm and averages 0.7 mm in length.
Anhedral pyroxene (p;obablyyaugite) comprises 10 to 25
percent of the rock and is intergrown with the plagioclase.
The pyroxene has an average length of 1.0 mm, but some
phenocrysis are as long as 4.0 mm. The olivine has an
average length of about 0.75 mm; the largest phenocryst is
1.85 mm in length. Some of the olivine has been partially
altered to iddingsite. Oné to 3 percent magnetite and

ilmenite (?) also occur in the basalts.
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Quaternary Units

-Alluvial.FanlDeposits

Poorly‘consolidated gravels and sands that accumulated
as alluvial-fan deposits in the eastern portion of the
study area were mapped as Quatgrnary gravels .  (Qg). Two
alluvial fap deposits occur in this area. . Both of these
fans are currently being dissected by aétive streams, hut
the northern fan (secs. 21, 26, and 27, T. 4 5., R. 2 W.)
is more dissected than the southern fan. These fans were
apparently deposited on an erosion surface that had been
formed after the deposition of the Santa Fe Group.

Outcrops of the Quaternary gravels are usually
poorly exposed. - Whexe they dq_occur, they consist of
poorly sorted deposits which contain sand to boulder
size clasts. Some of the boulders are 1 foot or more in
diameter. Most of the clasts are subrounded to well rounded;
the coarser clasts (boulders and cobbles) are better
rounded than the finer clasts. They consist mostly of
- tuff of Lemitar Mountains, with leéser amounts of tuff

of Caronita Canyon, rhyolite lava and andesite.

Alluvium
Quaterhary alluvium includes rostly Holocene deposits
of poorly sorted sand and gravel. In most places, these
sediments were deposited in active stream channels.
However, in the eastern portion of the study area, some
of these sediments may have been deposite@ on relatively

undissected alluvial fans.
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Talus

Material mapped as talus iﬂcludes mostly clasts of
cobble to boulder size. Some house—siée blocks may have
slid down the steeper slopes, especially'in Sixmile and-
Ryan Hill Canyons. - This unit includes both aétive.and
stabilized talus deposits. Some rock gléciers, as much
as a mile in length, occur in Rvan Hiil Canyon' (see Fig.
19). They frequently exhibit wave-like ridges-that were

probably formed du;ing movement of the talus pile.
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Figure 19. Active talus deposit in Ryan Hill Canyon
(NE/4, sec. 22, and SE/4, sec. 15, T. 4 S., R. 3 W.,
unsurveyed). This deposit is about 0.5 miles long

and 750 feet wide. Some of the largest talus deposits
display wavelike ridges on their surfaces.
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STRUCTURE

Regional Structure

The Scocorro-~Magdalena afea ig located at the junction
of several important regional structures. In this area,
the Rio Grande rift transects the northeastern portion
0f the Datil-Mogollon wvolcanic field. North of Socorro,
‘the rift is confined mostly to a series of large, single
bagins. In the Soceorro-Magdalena area,.the rift widens
to include severzl north—trending parallel basins separated
by intraiift horsts (Chapin, 1971, 1978). Northwest of
Socorro, the Colorado Plateaun forms a high, rigid block
that has resisted mucﬁ of the Tertiary structural defor-
mation. The northeast-trending Morenci lineament and the
west—northwest—trepding Capitan lineament intersect in the
Socorro area (see Chapin and others, 1978, Fig. l). These
regional structural'eleﬁents combine to éroduce a complex
settiﬂg for thellocal geology.

Pre—existingiséructurés have undoubtedly influenced
later structural deformation. Central New Mexico was
deformed in late Mississippian to Permian time (ancestral
Rocky Mountains) and again during the Late Cretaceous to
middle Eocene Laramide orogeny. The Rio Grande rift
‘apparently broke along crustal weaknesses formed during
these two structural events (Chapin and Séager, 1975).

In west-central New Mexico, the Paléozoic and Mesozoic

rocks were folded and thrust faulted during the Laramide
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orogeny (Kelly and Wood, 1946; Tonking, lQS?;,and Kelly
and Clinton, 1960). These structufes afe still poorly
understood, but they probably influenced the geometry of
the later Tertiary structureé. Since no .pre—0ligocene
rocks are exposed in this study area, it is not possible
at the present time to evaluate the effects of Laramide
structures on subsequent étructures.

After cessation of the Laramide orogeny {(middle
Eocene), the existing uplifts were worn down to produce
an erosion surface of low relief (Epis apd Chapin, 1975).
Detritus eroded froﬁ some of the La?amide uplifts ﬁas shed
into the Baca basin to produce the Eocene (?) Baca For-
mation (Snyder, 1971).  The subsequent mid-Oligocene
volcanic and volcaniclastic sedimentary rocks were deposited
.on a relatively flat surface and were able to spread over
wide areas. Between about 32 and 26 m.y. ago, several
overlapping cauldrons formed in the Scocorro-Magdalena area
{Fig. 20). Portions of the North Baldy,lSawmill Canyon |
and Socorro cauldrons are located within this study area.

The Morenci and Capitan lineaments intersect the Rio
Grande rift in the Socorro-Magdalena area (Chapin and others,
1978). These lineaments are major crustal weaknesses and
therefore may have had a major influence on the development
of'subsequent structures. The geometry of the Sawmill
Canyon cauldron may have been influenced by the pre—existing
Morenci iineament {(p. 120). The Rio Grande rift began to

form between 32 and 27 m.y. ago (Chapin, 1878), concurrent
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Figure 20. Regional structure map of the Socorro-Magdalena
area, From oldest to youngest, the cauldrons and their ash-
flow tuff sheets are: 1) North Baldy--Hells Mesa Tuff, 2) Mt.
Withington--A-L Peak Tuff, gray-massive member (?), 3) Magdal-
ena--A-L Peak Tuff, flow-banded member, 4) Sawmill Canyon--
A-L Peak Tuff, pinnacles member, 5) Mt. Withington--Potato
Canyon Tuff, 6) Socorro-~tuff of Lemitar Mountains, 7) Hop
Canyon--tuff of South Canyon. Figure modified after Blakestad
(1978), Chapin and others (1978), and Osburn (1978).
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with cauldron development in the Socorrb~Magdalen§ area.
The structrral gecology of the Socorro cauldron may be
complicated by contemporaneous rift faulting. It-has
recently been recognized that the Morenci lineament
separates fields of oppositely tilted fault blocks (Chapin
and others, 1978). North of this "transverse shear zone, "
the strata dip to the west; while south of it, thé strata
-dip to the east. Chapin and others (1378, p. 1l15) state
that this shear zone "is acting as an incipient transform
fault connecting en echeion segments of the Rio Grande
rift." This "transform fault" apparently connects the
Albuquerque graben to the noitheast, and the Mulligan
Gulch and Winston grabens to the southwest. Since this
transverse shear zone penetrates deeply into the crust,
magmas have tended to rise along this zone more readily
than in other areas. ,Modérn magma bodies also appeér
to accumulate along this zone (Chapin and others, 1978).
The transverse shear zone is about 1.5 km or more in-
width. Within this zone, the structures may be quite'
complex and produce blocks with erratic orientations.
During the early stages of rifting (32 to 26 m.y.
ago) , basaltic andesite lavaé wére interbedded with high-~
silica ash-flow sheets. Although the silicic volcanism
died out, abundant basaltic andesite volcanism continued
until about 20 m.y. ago. Chamberlin (1978) correlated
this period (32 to 20 m.y.xago) with high heat flow,

rapid spreading, and "domino-style" structural deformation
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{(p. 133) iﬁ the Lemitar Mountains. This same structural
style occurred in the Magdalena Mou taing, probalkly during
the same time iﬁterval. In the early Miocene (about 24 (?)
m.y. ago), a broad basin {the Popotosa basin) began to
develop in the Socorro-Magdalena area. The ancestral
Magdalena Mountains were uplifted to provide detritus for
this basin in the early to middle Miocene (23 (?) to 15
m.y. age). By the middle Miocene (15 to 11 m.y. ago), this
uplift was largely worn down and covered by Popotosa sediments
(Bruning, 1974). |

Silicic lavas, domes and intrusions were emplaced
along the transverse shear zone in the Socorro and eastern
Magdalena Mountains. After this period ({(during the interval
12 to 7 m.y.'ago) large intrarift horsts formed, creating
the modern topography (Chapin, 1978) and disrupting the
Popotosa basin. Upper Sénta Fe sediments {early Pliocene
to middle Pleistocene) were deposited with angular uncon-
formity on moderately fo steeply tilted strata of the
Popotosa Formation. These u?per Santa Fe sediments are
cut by séme high-angle faults, but the sediments usually

have gentle dips.

Local Structure

The transverse shear zone divides the Magdalena Moun-
tains into two structural provinces. WNorth of the transverse
shear zone, the Magdalena Mountains consist of west-~tilted

fault blocks that expose Precambrian, Paleozoic and Tertiary
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rocks. South of the transverse shear z&ne; east-tilted
fault blocks expose mostly Tertiary volcanic rocls. The
transverse shear zone transects -the northwestern corner

of this study area (see Plate 2). Most of this study area
is south of the shear zone and the strata dip to the east.
Howevef, in secs. 3 and 4, T. 4 S., R. 3 W., unsurveyed

{on the transverse shear zone) some of the dips are to

the west. North of this study area, the ﬁestern dips
‘become mére consistent.

The study area includes.parts-of three overlapping.
cauldrons: the North Baldy, Sawmill Canyon and Socoxrro
cauldrons. The margins of the Sawmill Canyon and Socorro
cauldrons pass through this stﬁdy area. Plate 2 shows

these structures,

North Baldy Cauldron

The North Baldy cauldron {(Fig. 20) is the oldest
cauldron that has be=n identified in the Magdalena Mountains.
Little is known about the shape of this cauldron since it
is largely buried beneath younger volcanic rocks. The
northern cauldron margin passes Jjust south of North Baldy
Peak and trends east-west. This part of the cauldron
margin was described by Blakestad (1978). The southern
cauldron margin traverses the Devils Backbone (the southern
tip of the Magdalena Mountains} with an east~west (?) trend.
This part of the cauldron has not yet been mapped, so the

details remain to bé worked out. The eastern and western -
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parts of the North Baldy cauldron have been buried beneath
younger roc.Xs. K N

The Hells Mesa Tuff erupted from the North Baldy
cauldron and caused its collépse (Chépin and others, 1978).
OQutside the éauldron, this tuff is usually about 600 feet,
or less, in thickness; inside the céuldnon, it may be as
much as 3850 feet thick (Krewedl, 1974). After the Hells
‘Mesa Tuff erupted, é sequence of rhyoiite lavas, domes (?)
and volcaniclastic sediments filled the cauldron. Bowring
{in preparation} informally named these rocks the unit of
Hardy Ridége. This unit has so far been mapped in Sawmill
and Ryan Hill cényons, and on Hardy Ridge. The details
of the cauldron £ill of the North Baldy cauldron are
poorly understood due to limited exposures.

In this study area, the fill of ghe North Baldy cauldron
has been mapped in two areas: the nortbwestern corner of
the thesis area (secs. 3, 4, and 5, 7. 4 8., R. 3 W., un-
surveyed) and sec. 36, T. 4 S., R. 3 W. The outcrops in the
northwestern corner of the study area conéist entirely of a
thick sequence of Hells Mesa Tuff. In Ryan Hill Canyon,
one outcrop of Hells Mesa Tﬁff occurs in sec. 36. This
tuff is more lithic~rich than the Hells Mesa to the north,
but it is very similar in mineralogy. The Hells Mesa in
this area is overlain by rhyolite lavas and volcaniclastic

sedimentary rocks of the unit of Hardy Ridge.

Sawmill Canyon Cauldron

The Sawmill Canyon cauldron encompasses part of the
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southeastern Magdalena Mountains (Fig. 20). Portions
of the nor’hern and southern cauldron margins afe shown
on Plate 2. The approximate stition'of the western
cauldron margin is shown in Figure 20; EQWevef,-since the
exact location of this margin is hot yeé'kﬁown, it is not
shown on Plate 2. 8. Roth is currentiy maﬁping-in southern
Sawmill Canyon and a more'predise'loéétion of the western
‘margin may be known shortly.' The'edstern limiﬁ of the
cauldron is not known at the present time sincé that area
is covered with vounger rocks.

The Sawmill Canyon cauldron does not have the circular
shape attributed to most caulérons of this type. There
are several possible explanations for this. The Sawmill
Canyon cauldron is located on the Morenci lineament (Chapin
and others, 1978). This lineament is a deep structure
that probably controlled the ascent of the magma body
that produced the Sawmill Canyon éauldron. The cauldron
is roughly eldngate parallel with this lineament (Plate 25.
The magma body that produced the cauldron may have been
elongate parallel to the lineament, and the geometry of the
cauldron may reflect this elongation.

Another possibie explanation is that the portion of
the cauldron shown on Plate 2 is only a small part of a
larger cauldron. The Sawmill Canyon cauldron may widen
east of the area shown on Plate 2. Since this part of the
cauldron is buried beneath younger rocks, it is difficult
at the present time to determine the overall shape of the

cauldron. T -



121

The erupti&n of the pinnacles member of the A-L Peak
Tuff has been correlated with the c;llapse of the Sawmill
Canyon cauldron (Chapin and others, 1978; also see p. 31,
this thesis). This tuff may be as much as 3000 feet thick
inside the cauldron. If the pinnacles member did erupt
from this cauldron, then it was hot enough to develop
flow banding and lineated pumice inside the cauldron, but
not outside of it.

Inside the cauldron, the A-IL Peak Tuff is overlain
by andesite and rhyolite lavas, tuffs and sandstohes in
the unit of Sixmile Canyon. This unit may be‘as much as
2500 feet thick inside the cauldron, but it is not present
outside the cauldron, except possibly in the clder Magdalena
‘cauldron.

The northerﬁ cauldron margin (Fig. 21) trends approxi-
mately east-west from South Béldy to about 0.5 miles north-
west of Buck Peak; then it trends northeast until it intersects
the younger Socorro cauldron (see Osburn, 1978; Fig. 20, this
thesis; and Bowring, in preparation). This cauldron margin
is a steeply dipping to vertical contact between the Hells
Mesa Tuff on the north and the unit of Sixmile Canyon on the
south. Plate 2 shows that part of this margin is interpreted
to be the ring fracture and part of it to be the topographic
rim of the cauldron. Apparently, little or no slumping
o&curred along the northern cauldron mafgin,and the topo-~
graphic rim of the cauldron is Iocated close to the ring

fracture. The northern cauldron margin is exposed to
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Figure 21. View from the gold mine road showing the northern Sawmill Canyon
cauldron margin (shown by dashed lines on photograph). The gold mine (crossed
pattern) is located on this cauldron margin. Timber Peak is capped by the

" lower member of the tuff of Lemitar Mountains. The treeless ridge north of
Timber Peak (right skyline) consists of andesite (Txa,) that filled the

northern margin of the Sawmill Canvon cauldron. The &8rea shown here is
also on the transverse shear zone. ‘
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considerable depth because of topographic relief in
excess of 1000 feet and a north—trendiﬁ@ horst block
that has uplifted a mile~long segment of the cauldrén
margin in excess of 1000 feet. The level of exposure of
the cauldron margin in the gold mine area is more than
2000 feet deeper than at the noxth énd of Timber ridge,
about 1.5 miles to the west. Therefore, the northern
cauldron margin is mapped as the ring fracture in the
horst block {(gold mine area), but as the topographic rim
outside the horst block (Plate 2).

Osburn (1979, oral communication) has recently
identified a remnant of the topographic rim of the soqthe;n
cauldron margin south of this study area (Plate 2). His
mapping has shown that the margin has an east-northeast
trené. This margin probably intersects this study area
along the southern edge of secs. 33 or 34; unfortunately,
this location is entirely covered with younger rocks.

This topographic margin is expressed as an unconformity
between the unit of Sixmile Canyon and either the under-
lying Hells Mesa Tuff or unit of Hardy Ridge. The southern
topographic rim has also been identified in Sawmill Canyon
by S. Roth.

The southern ring fracture of the Sawmill Canyon
caaldron has been identified in Ryan Hill and Sawmill
canyons (see Plate 2). This ring -fracture is plaéed where
the A-L Peak Tuff suddenly becomes thicker and outcrops

.of the unit of Hardy Ridge end (sec. 26, T. 4 S., R. 3 W.,
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unsurveyéd in Ryan Hill Canyon). The outcrops of the unit
of Hardy Ridge in this study area are between the main
ring fracture and the topographic rim of the Sawmill Canyon
cauldron. Tne A-L Peak Tuff that overlies the unit of
Hardy Ridge appears to thin to the southeast against the
topographic rim of the caﬁl&ron. The wide zone between
the southern'ring fracture and southern topographic rim
.of the cauldron indicates that considerable slumping and
caving of this cauldron wall occurred during cauldron
collapse (Flate 2).

A fow small outcrops of tuffs and rhyolites in Ryan
Hill Canyon (S/Z, sec. 26) may be megabreccia deposited.
just inside the ring fracture. Lipman (1976) discussed
the origin and occurrence of breccias intermixed in
intracaldera ash-flow tuffs. He described "megabreccia"
as deposits "in which mény clésfs are so large that the
fragmental nature of the deposit is obscure in many
individual outcrops" (Libman, 1976, p. 1397). Figure 22
is a model that Lipman used to illustrate the way in
which most megabreccia forms., Most megabreccia accumulates
in the deeper portions of the cauldron. Lipman described
the deep portions of some cauldron fill deposits that
consist mostly of meﬁabreccia with only minor amounts of
interbedded tuff. The uppcr portions of most cauldrons
contain only a small amquﬁt of megabreccia (Lipman, 1976,
p. 1408).

Bowring (in preparation) has mapped what he interprets
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Figure 22. Geometric model presented by Lipman (1976) +to
illustrate the formation of cauldron collapse breccias.
According to Lipman, major slumping and caving of the caldera
walls will take place during the early stages of cauldron
collapse. Most of this breccia will be interbedded with the
intracaldera ash-flow tuff in the deeper portions of the
cauldron. Reproduced from Lipman, 1976, Figure 12.



126

to be megabfeccia in Sawﬁill Canyon. However, megabreccia

is generally uncommon in . exposures uf the £i1l o: the

Sawmill Canyon cauldron. This may indicate that only the

upper po;tions of the cauldron are exposed. |
Resurgent doming of the Sawmill Canyon cauldroﬁ

cannot be demonstrated in this study érea. Block faulting

has obscured many of the relationships that would be needed

to prove resurgence if it has occurred.

Socorro Cauldron

The Socorro cauldron is one of the youngest cauldrons
in the Magdalena Mountains and is believed to héve collapsed
during eruption of the tuff of Lemitar Mountains (Chapin
and others, 1975). Figure 20 shows thé inferfed geometry
of the Socorro cauldron. Much of the cauldron has been
down-faulted and buried beneath youﬂgef rocks, so the
exact boundaries %re not known in most places.

Chambgrlin (in preparation) haé aelineated the northern
cauldron margin on Soccrro Peak. The tuff of Lemitar
Mountains is as much as 3000 feet thick in the northern
Chupadera Mountains but only about 400 feet thick in the
Lemitar Mountains (Chapin and others, 1978). Chamberlin
has also mapped cauldron collapse breccia (mesbbreccia
in the terminology of Lipman, 1976) and moat deposits
(unit of Luis Lopez) in the Chupadera Mountains. The
central and southern Chupadera Mountains have not yet

been mapped, but reconnaissance indicates that the
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southern cauldron margin probably transects this mguntain
~range. | .

The western margin of the Socorro cauldron is not as
well defined as the northern margin. If the location of
the cauldron margiﬁ shown on Plate 2 and Figure 20 is
correct, then this mérgin is probably the hinge zone of
a trap~door cauldron. This conclusion was reached because
the tuff of Lémitar Mountains does not exhibit a marked
thickness increase across the cauldron margin. In sec.
33, T. 4 S., R. 2 W. (inside the cauldron)}, the tuff of
Lemitar Mountains is abouﬁ 1800 feet thick; while about
3.5 miles west, in see; 35, T. 4 8., R.-3 W., unsurveyed
(outside the cauldron), the tuff of Lemitar Mountains is
still about 1400 to 1500 feet thick. .

’ Part of the cause for this thick section, both inside
and -outside the cauldron, may be thét the tuff of Lemitar"-
Mountains filled a’depression remainiﬁg after the Sawmill
Canyon cauldron had collapsed. The slight increase in -
thickness across the hinge zone would then represent
thickening across the cauldron margin.

About 650 feet‘of the tuff of Lemitar Mountains was
measured at the Tower Mine in the western Chupadera
Mountains (Osburn, 1978). About i km to the southeast,
the tuff of Lemitar Mountains is as much as 2800 feet
thick. Chapin and 6thefs (1978, p. 120} présented several
possible_explanationé for these thickness changes. One

possibility is that the buried Sawmill Canyon cauldron
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acted as a rigid block which did not subside as ﬁuch as

the eastern half of the Socorro cauldron. Another possible
explanation is that a major, north-trending, down-to-the-east
rift fault lucated just east of the Towér mine was active
during the collapse 6f the Socorro cauldron. This could
have caused the eastern half of the Socorro cauidron to
subside more than the western half. The eastern half of
.the Socorro cauldfon_alSo contains as much as 2000 feet of
moat deposits (unit of Luis Lopez) between the resurgent
dome in the northern Chupadera Mountains and the northern
cauldron margin.

Although the Socorro cauldroa is believed to be roughly
circular (Chapin and others, 1978, Fig. 2), it is.possiﬁle
that the major faultlseparating the‘eastern and western
portions‘is actually part of the ring fracture zone of thé'
cauldron. This would imply that the Socorro capldfon is
elongate in a north-south direction. The Socorro cauldron
erupted during the early stages of rifting along the Rio
Grande rift, so the cauldron may be elongate parallel with
the rift.

Osﬁurn (1978) delineated a zone thét may represent
the cauldron margin in his study area (ﬁorth of this study
area). He cited a change in structural style, the presence
of intrusions and more inteuse alteration as evidence for
the cauldron margin. The inferred location of the cauldron
margin in this study area {(Plate 2) is continuous with the

margin delineated by Osburn. Two rhyolite intrusions and
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a rhyolite dome'qccur along this cauldron margin. Extensive

mangahese mineralizaﬁion also occur.” along this nérgin in

Chavez Canyon. The zone of intersection between the Sawmill

Canyon and Socorro cauldrons contains the most intense

mineralization. The Socorro cauldron margin shown on

Plate 2 délineates é boundary between continuous outcrops

of the tuff of Lemitar Mountains inside the cauldron, and

more scattered outcrops outside the cauldron (see flate 1).
The general regional structural trends in the eastern

Magdalena Mountains seem Eo parallel the curvature of the

Socorro cauldron. However, thege trends seem to continue

outside the cauldron and they may be unrelated to the

cauldron development. The evidence presented above does

not conclusively delineate the western margin of the

Socorro cauldron; however, if the cauldron margin is a

hinge zone, then it would not display all the features

normally attributed to cauldron margins.

Block Faulting

Middle to late Cenozéic block faulting has extensively
deformed the strata in the southeastern Magdalena Mountains.
The transverse shear zone (Plate 2 and Fig. éO), which
transects the northwestern corner of this study area,
separates fields of oppositely tilted blocks. Most of this
study area lies to the south of'the transverse sheér zZohe,
where the strata dip to the east and the faults dip to the
west. The structural style frequently produces hogbacks

such as those shown in Figure 23. .
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Figure 23. View looking northwest at hogbacks formed by
faulted, east-dipping strata. This area is about 4 miles
south of the transverse shear zone, so the strata dip
uniformly to the eas.. The left arrow on the photograph
points to a hogback formed by the tuff of Lemitar Mountains
(27 m.y. old), which dips about 20 to 35 degrees to the east.
The right arrow points to a hogback formed by the upper
Pound Ranch lavas {10.5 m.y. old}). Dips in the Pound Ranch
lavas are very erratic, but the lavas probably dip 10 to

20 degrees to the east. These lavas unconformably overlie
older Oligocene rocks that were faulted, tilted and eroded
before the lavas were deposited. Later, both the Pound
Ranch lavas and the older Ollgocene rocks were cut by
younger faults.
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The dip of fault planes varies within the study area.
In some places (for example, on Molino Peak), faults with
dips as steep as 70 degrees interséct faults with dips as
shallow as 30 degrees. Chamberlin (1978) has mapped normal
faults in the Lemitar Mountains which dip as shallow as 10
degrees. The Lemitar Mountains are north of the transverse
shear zone, so the strata there dip to the west and the
faults dip to the east; otherwise, the structural style is
the same as that south of the transverse shear zone.

Morton and Black (1975) presented-a model for the
origin of tilted fault blocks in the Afar region of Africa.
This area has undergone rifting and extension along a
spreading center: Their model involves progressive tilting
of both the strata and the fault planes. Early faults
form with a dip of 60 to 70 degrees; but as extension
proceeded, these fault planes are tilted so that the dips
become more shallow. When the strata are tilted 20 to 30
degrees, the fault planes dip about 40 degrees in the
opposite direction. Morton and Black felt that once this
point was reaéhed, continued extension would produce new
faults with dips of 60 to 70 degrees. Continued‘crustal
extension and tilting of the blocks may eventually produce
a third set of faults. Figure 24 Zllustrates the concept
of progressive block tilting. The second and third
generations of faults are more closely spaced according
to this moédel. |

Regional mapping in the Socorro-Magdalena area has
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Figure 24, iode
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defined a structural style that appears to be very similar
to that described by Morton and Blarck. Chamberlin (1978)
referred to this as "domino-style" faulting. In areas Qith
this structural style, the oldest rocks {Oligocene and ea;ly
Miocene rocks) are tilted the steepest, are cut by low-
angle normal faults, and are the most structurally complex.
Most Pliocene and Quaternary strata have dips of 20

degrees or less and are only cut by high angle faults.

Morton and Black envisioned the upper crust undergoing
progressive block tilting over lower crust that behaved in
a ductile manner. They estimated that faulting would
extend about 10 to 30 km into the crust. Althougﬁ precise
depths cannot be given, Chamberlin (1978) considers
progressive block tilting to have occurred in the Lemitar
Mountains when the rigid crust -was thinner than when
horst-~and-graben-style structﬁres formed.

"Domino-style" structural deformation apparently
occurred in the southeastern Magdalena Mountains as well.
Although no horizontal normal faults were mapped, some
normal faul£s have dips as shalloﬁ as 30 degrees. These
faults occur only in Oligocene rocks. Chamberlin (1979)
defined two periods of "domino-style" normal faulting in
the Lemitar Mountains: 29 to 20 m.y. ago, and 12 to 7 m.y.
ago. Since most of the rocks in this study area are |
Oiigocene in age, it is not possible to date all of the
faulting. However, based on the timing of the faulting

that can be dated, the "domino-style" faulting probably
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occurred during the two tiﬁe intervals outlined by Chamberlin.
Osburn (197%) reported that some faults in Siwmile Canyon
{about 1 mile north of this study area} appear to cut the
tuff of Lemitar Mountains, but not tbq tuif of South Canyon.
If this is correct, then regional éxténsion started at
least 26 m.y. ago in this area.

The A-L Peak Tuff contains come of the steepest dips
. of the rocks in the southeastern Magdalena Mountains; it
is also among the oldest rocks in this area (32 m.y.).
However, this A-IL Peak contains laminar flow structures
and some of these steep dips could be primary dips. The
remaining Oligocene rocks have moderate to steep dips
(about 30 to 65 degrees) and are occasionally unconformably
overlain by younger rocks. In southern Ryan Hill Canyon
(sec. 36), Popotosa mud-flow breccias (early to middle
Miocene age) with dips of about 35 degrees unconformably
overlie Oligocene rocks with dips betweén 42 and &5 degfees.
The Popotosa Formation is, in turn, unconformably overlain
by younger tuffs of uncertain age (possibly associated
with the Twt tuffs and therefore about 10 to 12 m.y. old)
which have a dip of 10 degrees or less. The Popotosa
Formation in sec. 36 overlies a low angle fault (35 degrees)
with more than 2000 feet of displacement but it is not cut
by this fault. Apparently, the fault was inactive by the
time the Popotosa sedimenté were deposited. ‘

The Pound Ranch lavas and associated tuffs (10 to 12

m.y. 0ld) in the north-central part of the study area
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unconfofmably overlie older Oligocene‘rocks (Fig. 23).
Osburn was able to demonstrate several hundred feet of
displacement on faults which cut the Oligocene rocks but
not the Pound Ranch lavas (see Osburn, 1978, Fig. 27 and
Plate 1, section A-A'). Although faults such‘as‘tﬁose
Osburn deséribed could not be mapped in this study area;
they undoubtedly exist beneath the Pound Ranch lavas.
The youngest documented faults in the study area cut
Pliocene (?) bésaits in the eastern portion of the study
area.

In well-exposed outcrops, the faults in this study
area are expressed as breccia zones or as slickensided
surfaces, or a combination of the two. Outcrops that
display these characteristics are the most abundant where
the relief is moderately low (about 500 feet or less). In
places with higher relief (for example, Timber Peak, Italian
Peak and Ryan Hill Canyon), the faults are rarely exposed
and mapping of faults must be based on stratigraphic‘
displacement. As Plates 1 and 2 show, the faults sometimes
bifurcate and rejoin again. Also, high-angle faults may
intersectviow—angle faults, or east-dipping faults intersect
west—-dipping faults. When this happens, the older fault
is displac=d by the younger fault.

There are several places in the study area whe.e thick,
massive units conceal faulting. For example, south of
Molino Peak in SE/4, sec. 23 and SW 4, sec. 24, 7. 4 S.,

R. 3 W., unsurveyed, several faults can be mapped which cut
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the tuff of Lemiéar Mountains_and'the tuff of Caronita
Canyon. However; after these faults enter the sanidine -
rhyolite lava (Txrz), they can no longer be followed since
they do not dispiace any maépable units. Primary structures
within the rhyolite lava (erratic foliation, shear planes
.and breccia) make it difficult to follow the faults. 1In
this case, the faulfs probably turn to the southwest and
follow the trend of the rhyolite lava. Several other
thick units occasionally conceal faulting. These include
the Hells Mesa Tuff, A-I Peak Tuff and the tuff of Lemitar
Mountains.

Morton and Black (1975) hypothesized that the faults
in the Afar region originally forméd with a dip of 60 to 70
degrees. However, in ?he southeastern Magdalena Mountains,
the faults are thought to have formed with a steeper dip‘
(75 to 90 degrees) because where the faults are well exposed,
they intersect the bedding with an angle of almost 90 degrees.
In Rincon-Madera Canyon (sec. 20, T7. 4 S,, R. 2 W.), a major

fault (about 1500 feet displacement) that dips about 57

degrees to the west intersects bedding that dips about 30
degrees to the east. Osburn (1978) observed the same-
relationships in the area he studied.

The fault surfaces appear to Le essentially planar
ovar the distance through whiéh they can be mapped. The
faults on the cross section (Plate 1) were drawn as
straight lines, although it is uncertain whether there is

anycurvature at depth. The model developed by Morton and
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Black (1975) could employ either sﬁraight or curvgd‘fault
-surfaces. Anderson {197)) developed a model for extensional
structures that requires curved fault planes to converge at

a few kilometers depth into a subhorizontal zone of décollement.
Morton and‘Black {1975) félt that movement albng such a sub-
horizontal fault in an area undergoing éxﬁeﬁsional tectonics
would be unlikely.. In either case, over the depth through
‘which the faults are shown in the cross sections, the

faults are éhought to be nearly straight.

Gold Mine Area. Although the general structural

geology of this study area has been described, thére are
two smaller areas that need further discussion. The north-
western éorner of tﬁis study area is a complex region where
the transverse shear zone intersects the margin of the Saw-
mill Canyon cauldron. Two major,north—trendiné faults in.
this area have produced a horst block. The.westernmost
fault is downthrown to the west and displaces the tuff of
Lemitar Mountains against the Txt unit (in the unit of
Sixmile Canyon). The easternmost fault is downthrown to
the east aﬁd is located about 0.5 miles east of the gold
‘mine. This horst block apparently exposes rocks from
deeper in the crust than those rocks on either side of
the horst. It contains a high concentration of white -
rhyolite dikes and a complex series of outcrops.

South of the gold mine (in sec. 10, T. 4 S., R. 2 W.,

unsurveyed), the A-L Peak Tuff and unit of Sixmile Canyon
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crop out in confusingkoutcrops. There are several possible
explanations for these outcrop patterns. Some of the strata
in this area dip as éteeply as 80Kdegrees to the east.
However, all of the mappable faults in that area are near-
vertical. The most likely intefpretation for this is that
the area has undérgone tGo or more periods of faulting,

The early faults were tilted along with the strata. These
early faults were then cut by younger, high-angle faultsu-
The result is a complex juxtaposition cf blocks such as
that shown in Figure 24, stages 3, 4 or 5. After an area
such as this is eroded, the resulting outcrops may appear
confusing.

Some of the tuff units (Twt) couid have been emplaced
as slide blocks in the andesite lava while the Sawmill
Canyon cauldron was being filled. A combination of slide
block emplacement and subsequent faulting could also have
occurred, but most of the complexities ére probably due to

faulting.

Southern Margin of the Sawmill Canyon Cauldron. Plate 2

shows a wide zone between the southern ring fracture and
southern topographic rim of the Sawmill Canyon cauldron.
This area apparently contains some anomalous structural
features. Much of the manganese mineralization in Chavez
Canyon occurs in brecciated rock, but no faults could be
mapped.” Also, some major faults appear'to die out or

bifurcate as they approach the ring fracture. For example,
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several major faults north of the manganese ﬁines in N¥W/4,
sec. 30, T. 4 S., R. 2 W. appear to die out as they approacl
the cauldron margin.

G. R. Csburn is currently mapping squth of this stﬁdy
area. He reports (1979, oral communication) that many of
the faults turn sharonly inside this zone. This appears to
be the case in this study areé as well. - A major fault on
the western side of Ryan Hill Canyon with more than 2000
feet displacemenlt turns sharply as it crosses the cauldron
margin (see Plates i and 2). Also, some of éhe faults in
Rincon-Madera Canyon (sec. 28, T. 4 S., R. 2 W.) aépargntly

bifurcate as they approach the ring fracture zone.
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ECONOMIC GEOLOGY

Two types of mineralization occur in this study area:
gold and silver in the northwestern corner of the study
area, and manganese in the south-central portion of the
study area. Although the mineralogy of these Ewo types
of deposits is different, all of the ore deposits in this
-study area are localized along the cauldron margins of the
Sawmill Canyon cauldron (see Plate 2). Local geologic
features (see following sections) also influenced the
distribution of the mineralization.

Some of the best documented cauldron structures in the
world are located in the San Juan volcanic field. Lipman
and others (1976) reported that much of the mineralization
in that area was localized by the cauldron structures but
that mineralization occurred 2 to 15 m.y. after cauldron
collapse. The mineralization is, therefore, genetically
unrelated to the magmas-that produced the calderas. -Lipman
and others (1976) state that this situation is typical of
many cauldrons in the San Juan Mountains.

Apparently, éauldrons serve primarily as a structural
control for the emplacement of later mineralization. The
cauldron margins are deep-seated structures that are
especially susceptible to later intrusion, alteration and
mineralization. This appéars to be the case in the Sawmill
Canyon cauldron. The gold-silver mineralization on the

northern margin is concentrated in a narrow zone along the
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ring fracture. However, the manganese mineralization on the
southern margin occurs in a wide zone between the ring
fracture and the topographic rim (Plaﬁe 2). The central
portion of the cauldron, as it has besn defined so far,
contains no significant mineralization.

Although the'regions descfibed above contain several
types of local alteration, there also appears to be a
regional potassium alteration that was associated with an
ancient geothermal system. This alteration has been
previously discussed by Chapin and others (1978), and
Osburn (1978), so it will only be mentioned briefly here.
Julie D'Andrea (Florida State University) is currentiy
conducting a more detailed geochemical study of this
potassium metasomatism. In general, it is characterized
by an addition of potaésium into the rocks and a depletion
of sodium in the same rocks. In the moréuKZO-rich rocks,
the plagioclase feldspars have been completely replaced
by a "clay-like" aggregate.

The exact limits of this alteration zone are not yét
known. Chapin and others (1978) reported that the altera—
tion extends from near south Baldy in the Magdalena Range
northward to the Ladron Mountains. Some of the rocks in
this study area have also been affected. It is apparently
most intensive in certain stratigraphic units, such as the
tuff of Lemitar Mountains and the tuff of South Canyon.
ther units, such as the Hells Mesa Tuff and the A-I, Peak
Tuff, have undergone sericitic alteration (in the feldspars},

but not potassium metasomatism.
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Gold Mine Area

A gold-silver mine (Timber Peak mine) and several
precious metal prospects occuf in the northwestern corner
of the study area (secs. 3 and 10, T. 4 S., R. 3 W., un-
surveyed). This area is located at the southern end of
the Watex Canyon districtl(Jones, 1904; Lasky, 1932).
Jones (1904) reported that gold, 'silver and copper ores
had been found in the southern part of the'Water Canyon
district, but gold and silver are likely to be the pﬁly
major éres. Although little is known abhout the history
of the Timber Peak mine, Jones (1904) presented the most
detailed account of the mining operation.

The Timber Peak Mining Company in the
early season of 1900 completed a 150 ton
roll-crushing concentrating plant enclosed .
in a steel building. The plant was operated
only a short time and then closed down in-
definitely. X

The plant was dismantled the following
season and a greater portion of the machinery
was shipped to Mexico; the building was re-
moved across the range to Cat Mountain.

Several causes are assigned to this failure;
but it seems certain that the blame should not
be laid to the mine. The Timber Peak ore bodies
are the largest in the district, but must be
classed as low grade; beneath the superficial
oxidized zone heavy sulfides are encountered.

The ore is about equally divided between
gold and silver. (Jones, 1904, p. 127)

The lower workings of this mine are now inaccessible;

one short adit remains open, but only minor mineralization

was seen in that tunnel. Apparently, the "heavy sulfides”

that Jones referred to are no longer accessible in the mine.

The gold-silver mineralization is located in a
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structurally complex area. The transverse shear zone
traverses *his area and is probabiy responsiblé for most

of the complex faulting. The mineralization is'also
located on the northern ring fracture of the Sawmill Canyon
cauldron {(Plate 2). Also, a north-trending horst block,
transverse to the cauldron margin, has uplifted the
mineralized area by 1000 to 2000 feet (p. 137).

The minerélization in this area is also associated
with white rhyolite dikes. These dikes intruded several
north-trending faults and the east-trending ring fracture
of the Sawmill Canyon cauldron. The gold mine occurs at
a place where several thick north-trending white rhyolite
dikes curve to intersect the ring fracture.

Although there are several varieties of white rhyolite
dikes, the mos£ common varieties are a fine-grained,

. phenocryst-poor rhyoli£e and a porphyfitic rhyolite that
contains 10 to 20 percent quartz phenocrysts. The minerali-
zation occurs mostly along the margins of the dikes, although
some dikes contain disseminated.minéralization in places.

The topographic expression of the dikes indicates
that they intruded near-vertical faults (Plate 1 and
Fig. 16}). Some of the strata in this area dip as steeply
as 80 degrees. If the model presented in the structural
geology section islcorrect, then the early faults would
have been tilted along with the strata. Therefore, any
near-vertical, north-trending faults are probablf young.

It would be risky to date these faults (and the dikes that
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intruded them) based on’their:dip, but it is likely that
they are much younger (at least several m.y.) than the
Sawmill Cényon cauldron.

The relationships described above are similar to those
dgscribed By Lipman and others (1976) in the San Juan volcanié
field. He reported that the major post-caldera mineraliza-
tion is cldsely associated with distinctive, quartz-bearing
igneous rocks that were emplaced several m;y. after the
calderas had formed. These quartz-bearing igneous rocks
were apparently not associa£ed with the igneous activity
that produced the calderas. instead, tﬁe calderas act
as a major structural control for 1ater igneous activity.

Krewedl (1974, Fig. 4, Section F-F') speculated that
the gold mine area was locatéd over a large intrusion that
produced the white rhyoliﬁe dikes. The main evidence for
this is the existence of the dikes themselves. There also
appears to be a higher concentration of dikes. in the horst
block previously discussed.

The gold mine area contains several typés of altera-
tion. The andesites in the Spears Formation and some of
the andesites in the unit of Sixmile Canyon have been
propylitically alteréd. The most intense ﬁropylitic
alteratior occurs in andesites (from the unit of Sixmile
Canyon) found in small dumps around the gold mine. The
.Hélls Mesa Tuff is intensely bleached and propylitically
altered througﬁout the northwestern portion of the study

area. The feldspars in the Hells Mesa have been partially
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replaced by calcite, sericite, and clay minerals {?).

All of the dikes in the area have been intenéely altered
(see sections on vhite rhyolite, mafic and latite dikes).
Silicificaticn commonly occurs along féults and in associa-
tion with the whitelrhyolite dikes. The‘intrusive contacts
of some of the white rhyolite dikes are bleached. Tﬁis

is especially true near the gold miné. |

Most of the mineralization is confined to the area
immediately around the gold mine. As meﬁtioned previously,
the lower workings of the mine are not exposed; the part of
the mine that is exposed contains only minor mineralization.
The most intensively mineralized rocks were found scattered
around the entrance to the adits.

The host rocks for this mineralization consist of
andesites in the unit of Sixmile Canyon, white rhyolite"
dikes and Hells Mesa Tuff. No mineralization was seen in
the andesites that crop out at the surface; howevexr, the
most intense mineralization occurs in aﬁdesite fragments
found near the mine entrance. Thesé andesites are part
of the unip of Sixmile Canyon; they probably occurred
near tﬁe ring fracture and adjacent to the white rhyolite
dikes before they were mined. The white rhyolite dikes
also contain mineralization, but is is difficult to determine
whether'the rhyolites or the andesites contain the most
mineralization since most of the mine is now inaccessible.
Only minorlmineralization was seen in the Hells Mesa Tuff.

Away from the gold mine, only traces of mineralization
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were seen. This mineralization was always confined to
the white rhyolite dikes or to the adjacent intruded
rocks. Krewedl {1974) believed that the mineralization
(he described only silica veinleté and goethite) is
confined to the Hells Mesa Tuff. However, it appears
that the mineralization is associated mostly with the
white rhyolite dikes, so trace amounts of mineralization
could be found in whatever rocks the dikes have intruded.
A detailed mineralogical and chemical study of the
ore deposits was not conducted for this study. Samples
were examined with a hand lense and a binocular ﬁicroscope.
Based on this study, the mineralization consists of barite,
pyrite, chalcopyrite, galena and sphalerite. The sulfide
minerals are usually disseminated throughout the host rock.
However, the barite usually occurs as veins along joints
and white rhyoclite dikes; it probably filled open spaces.
The only samples that contain gignificant sulfide ’
mineralizétion are those collected at the gold mine.
Elsewhere, only trace amounts of pyrite and chalcopyrite- (?)
were seen., The gold mine samples always contain less than
20 percent disseminated sulfide minerals. At least 90 ‘
percent of this mineralization consists ¢of pyrite. Only
a few percent of the other sulfide minerals were seen and
these occur in only a few samples. These minerals ‘chalco-
pyrite, galena and sphalerite) usually occur as small (less
than 1 mm diameterj crystals disseminated in the host rock

and in small guartz veinlets. Limonite pseudomorphs (after
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pyrite) are common in the rocks and limonite stain
frequently coats the joint surfaces.

The gold and silver reported by Jones (1904) probably
occurs as impurities or inclusions in othgr minerals or in
microscopic crystals. No gold or silver minerals could bg
identified in hand specimens or undexr the binocular micro-

scope.

Manganese Mineralization

Most of the manganeée mineralizétion in this gtudy
area is concentrated in a wide zone between the souﬁhgrn
ring fracture and the southern topographic-rim of the
Sawmill Canyon cauldron. Minor manganese mineralization
also occurs north of this zone; it consists mostly of
manganese minerals coating joint surfaces, but no mines
Or prospects wére found. A small manganese prospect occurs
in the Pliocene .(?) basalts near the eastern margin of the
study area.

Humerous prospecﬁé and mines occur within the miﬁeralized
zone (Plate 2). The most intense manganese mineralization
is in NW/4, sec. 307 . 4 S., R. 2 W.; and NE/4, sec. 25,

T. 4 5., R. 3 W., unsurveyed. This area is located at the
intersection of the soﬁthern ring fracture of the Sawmill
Canyon cauldron with the hinge zone of the Socorro cauldpon.
The boulder shown in Figure 25 came from a large calcite
vein in this area. Most of the ore in the mineralized

zone was probably low grade. All the ore mined occurred
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Figure 25. Boulder of banded black and white calcite and
minor manganese minerals from a marganese mine in NE/4,
sec. 25, T. 4 S., R. 3 W;, unsurveyed. This woulder came
from a 15- to 20-foot-wide vein which had been strip mined.
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within about 50 feet of the surface; it was apparently
stripped from shallow pits, siﬁce no adits were seen.

Although the cauldron margin is the maijor regional
control for :the mineralization, local structures control
the precise location of ithe ore. The rocks in the zone
between the ring fracture and the topographic rim have
been brecciated in many places where faults could not be
.mapped. The exact cause of this brecciation is not clear,
but it could be related to the existence of the cauldron’
margin. Usuwally the brecciation produced large spaces
between the breccia fragments. These fragments were
usually not rotated extensively or sheared. Much of the
breccia has bheen cemented with manganese minerals and
calcite. Most of the north—northwest—trending faults
shown on Pla£es’l and 2 are also mineralized. This
mineralization occurs as a coating on joint surfaces and
as an open-~space £illing where larger voids were formed.

The mineralization occurs in rocks as old as the unit
of Sixmile Canyon and as young as thg Pliocene (?) basalts
(stz). However, only one prospect was found in the young
basalts and the Oligocene rocks appear to be ﬁore highly
mineralized tﬁan the basalts. It appears that the main
control for mineralization in the Oligocene rocks was
structural. Therefore, much of the mineralization probably
occurred after all of the Oligocene rocks were deposited
but before the Pliocene (?) basalts erupted.

The host rock in the immediate vicinity of the ore
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deposits is frequently bleached and the feldspars may be
altered to clays. However, this’alteration appears to be
very irregularly distributed around the ore deposits.
Occasionally, fault zones are bleachel in places where
there is little orlno mineralization. Silicification
occasionally occuré around faults and adjacent to miner;li-
Zzation, but it is much 1eés abundant than in the gold mine
area. Calcite is commonly found along faults and in
assocliation with the mineralization.

Se%eral large‘calcite veins cccur in the study area.
The largest vein occurs in NE/@, sec. 25, T. 4 8., R. 3 W.,
unsurveyed, and is at least 10 feet wide. The boulder
shown in Figure 25 is froﬁ this vein. Osburn (1978}
reported that one calcite vein in his sﬁudy area is at
least 100 féet wide. The large veins in this stud§ area
consist mostly of banded, coarsely crystalline, white
calcite, which is interlayered with lesser amounts of
black calcite and manganesé oxides.

A detailed mineralogical and geochemical study of the
manganese minerals in this study area has not yet been.
conducted. The major minerals reported in other parts of
Socorro County are psilomelane, hollandite, cryptomelane
and coroncdite (Hewett, 1964; Willard, unpﬁblished report).
Miesch (1956, p. 25) concluded that psilomelane was the
most prominent ore ﬁineral in the Luis Lopez district.

The Luis Lopez district is a major manganese district
located about 5 to 10 miles east of the manganese mineraliza-

tion in this study area.
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All of the manganese oxides occur as open-space filling.
Most of the minerals occur.in massive, botryoidal and banded.
aggregates. Accessory minerals include calcite, quartz,

barite and fiuorite (only found in one ar=a).
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CONCLUSIONS

This study has made several contributions to the
geology of the southeastern Magdalena Mountains. These
contributions are divided into three sections: stratigraphy,

structural geology and economic geology.

Stratigraphy

All of the rocks exposed in this s@udy area are of.
Tertiary age; volcanic units comprise the majority of the
‘stratigraphic units. A smaller number of sedimentary units
are interbedded in the Tertiary volcanic rocks. In general,
these volcanic and sedimentary units fit well with the
regional stratigraphy defined by Chapin and others (1978).
However, there are several features of these units in this
study area that are ﬁnique to the southeastern Magdalena
Mountains, or that are important in understanding the
regional geology of the Socorro;Magdalena area. These
features are listed below from oldest to youngest.

1) A thick accumulation (at-least 2000 feet) of Hells
Mesa Tuff exists in thg southeastern Magdalena Mountains.
The Hells Mesa Tuff is unusually thick in this study area
because the area is located entirely within the North
Baldy cauldron, which was the source for‘the Hells Mesa
Tuff (Chapin and others, 19§8). A heterogeneous assemblage
of rhyolite lavas and domes (?), tuffs, and volcaniclastic
sediments (the unit of Hardy Ridge} filled the cauldron

after the Hells Mesa Tuff was erupted.



153

2) A thick accumulation (at least 3000 feet) of
A-L Peék Tuff crops out in Ryan Hill and Sixmile canyons.
This unusual thickness occurs within the Sawmill Canyon
cauldron (Plates 1 and 2, and Fig. 20), which is thought
to have collapsed during eruption of the pinnacles member_
of the A-I, Peak Tuff. Inside the cauldron, the A-L Peak
Tuff is very densely welded; it is flow banded and contains
lineated pumice in many places. The A-L Peak Tuff thickens
dramatically inside the ring fracture of the cauldron; it
appears to thin as it approaches the southern topographic
rim of the cauldron. X ‘ |

3) The unit of Sixmile Cahyon is a thick (at least
2500 feet), heterogeneous assemblage of rhyolite and
andesite lavas, tuffs, and volcaniclastic sedimentary rocks
that filled the Sawmill Canyon cauldron after the A-L Peak
Tuff was erupted. This unit is confined to the Sawmill
Canyon cauldron.

4} The tuff of Lemitar Mountains is unusually thick
in the southeastern Magdalena Mountains. This tuff probably
erupted from the Socorro cauldron (Chapin and others, 1978);
a slight increase in thickness occurs in the tuff across
the "hinge zone" of the Socorro cauldron. The tuff of
Lemitar Mountains may have partially filled a depression
remaining in the Sawmill Canyon cauldron; this could
account for the unusual thickneés of the tuff outside the
Socorro cauldron.

5) Deposits similar in appearance and stratigraphic
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position to the unit of Luis Lopez (moat deposits of the
Socorrc cauldron) are present in the southeastern Magdalena
Mountains (western parf of the Socorro cauldron), but are
usually less than 50 feet thick. This probably indicates
that the eastern part of. the Socorro cauldron suﬁsided
further than the western part. These rocks include basaltic
andesite lavas (Tbal), tuffs and sandstones, rhyolite lavas
.and a rhvolite dome (?). Some of these rocks were deposited
in a large paleovalley in southern Ryan Hill Canyon. The
basaltic andesite lavas (Tbal) pinch out from north to
south. .

6) The lower PopotoéayFormation {(mostly mudflow
deposits) was deposited on an extensive erosion surface in
the southeastern Magdalena Mountains. In this study ares,
the lower Popotosa was ﬁrobably confined mostly to paleo-—-
.valleys and depressions.

7) A thick sequence of 11.8 to 10.5 m.y. old, rhyolite
lavas (Pound Ranch lavas) erupted from a vent located about
1 mile north of this study area. {Osburn, 1978). Thesé
lavas are confined to the north-central portion of the
study area. They unconformably overlie several units,
including basaltic andesite lavas (?baz), the tuff of South
Canyon and the léwer Popotosa. Formation. Lavas of equivalent
age and similar compositior overlie the Popotosa Formation
in the Socorro Peak area.

8) The Sierra Ladrones Formation, probably of early

Pliocene to middle Pleistocene age, crops out in the
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eastern portion of the study area. This formation consists
of poorly consolidatgd sands and gravels with interbedded
basaltic lavas. Paleocurrent directions, taken from
pebble imbrications in the sedimentary units, are from the

southeast to the northwest (Plate l).‘

Structure

Parts of sevexal overlapping cauldron structures
occur in the southeastern Macdalena Mountains. These
cauldrong have had a major influence on the geologic
evolution of this area. Based on this study, several
conclusions can be made about these cauldron structures:

1) This study area occurs entirely'inside the North
Baldy cauldron. A thick secuence of Hells Mesa Tuff, which
erupted from the cauldron and partially filled it, crops
out in the northwestern corner of the study area. The
unit of Hardy Ridge, also part of the cauldron £ill,
occurs in the southern part of Ryan Hill Canjon;

2) Parts of the northern and southern cauldron margins
of the Sawmill Canyon cauidron traverse this study area
(Plate 2). A segment of the ring fracture and part of the
topographic rim of the cauldron have been delineated along
the northern cauldron margin. Apparently, little or no
slumping occurred along this part of the northern cauldron
margin and the ring fracture and topographic margin nearly
coincide. Considerable slumping, however, occurred along

the southern margin and produced a wide zone between the
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ring fracture and the southern topogréphic rim of the
cauldron. ‘

3} The part of the Sawmill_Canyon cauldron that has
been defined so far aprears to be elongate in an east-
northeast direction {(Plate 2). The Morenci lineament,
of similar trend, tranéects the northweséern portion of
this study area and may have influenced the shape of the
Sawmill Canyon cauldron.

4) ?he western margin of the Socorro cauldron does
not display all of the features usually attributed to
cauldron margins. However,‘the tuff of Lemitar Mountains_
does appear to thicken from west to east across this mérgin,
which appears to be a hiﬂge zone on a trap-door cauldron.
Two intrusions and a rhyolite dome (?) occur near the
cauldron margin.

This study area is located within the Rio Grande rift.
Extensive block faultiﬁg, caused by extension in the riff,
has broken the study area. Several conclusions can be
reached about the structures related to extension in the-

K rift: |
1) The transverse shear zone (Chapin and others,
1978) transects the northwestern portion of this study area.
This structure separates fields of oppositely tilted féulf

blocks. Most of this study aréa is located south of the
transverse shear zone, where the strata dip to the east
and most of the faults dip to the west. However, a sméll
part of the study area (the ﬁorthwéstern portion) containg

strata that dip to the west.
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2) The fault-block tilting probably occurred in a
manner similar to that envisioned by Morton and Black
(1975) for the Afar rift in Africa. Chamberlin (1978)
descrihed a similar structural style in the Lemitar
Mountains which he called "domino-style” faulting. This
structural style involves the progressive tilting of fault
blocks and the formation of new generations of faults when
_the old faults become too shallow for movement to occur
along them (Fig. 24).

3) The-southern cauldron margin of the Sawmill Canyon
cauldron has probably influenced the later faulting. Some
of the extensional faults appear to die out or bifurcate
as they approach the cauldron margin. Also, some of the

faults bend as they cross thée cauldron margin.

Economic Geology

Several conclusions can be reached about the mineraliza- .
tion in this study area:

1) All of the significant mineralization is localized
along the cauldron margin of the Sawmill Canyon cauldron.
The main importance of this cauldron is that it is a deep
structure which may act as a control for subsequent
mineralization.

2) Gold-silver mineralization is concentrated in
a narrow zone along the northern margin of the Sawmill
Canyon cauldron. The mineralization is also closely
associated with the white rhyclite dikes that intruded

many of the north-trending faults and the east-trending



158

ring fracture of the Sawmill Canyon cauldron.

3) The_manganese mineralization is concentrated in
a wide zone between the ring fracture and the southern
topographic'rim of the Sawmill Canyon cauldron. This.
mineralization occurs as an open-space filling in breccia
and along faults. The minerélization occurs - in rocks as
0ld as the unit of Sixmile Canyon and as young as the
Pliocene (?) bhasalts (stz). However, the Oligocene rogké

contain most of the mineralization.
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