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Geologic Map of the Luis Lopez 7.5-Minute
Quadrangle, Socorro County, New Mexico

by
Richard Chamberlin1, Ted Eggleston2, and William C. McIntosh1

1NMBGMR, 801 Leroy Pl, Socorro, NM,
87801 2P.O. Box 67, Hillside, CO, 81232

A ge ologic m ap d isplays inform ation on the  d istribution, nature , orie ntation, and  age  re lationships of rock and
d e posits and  the  occurre nce  of structural fe ature s. Ge ologic and  fault contacts are  irre gular surface s that form
bound arie s be twe e n d iffe re nt type s or age s of units. Data d e picte d  on this ge ologic quad rangle  m ap m ay be
bas e d  on any of the  following: re connaissance  fie ld  ge ologic m apping, com pilation of publish e d  and
unpublish e d  work, and  photoge ologic inte rpre tation. Locations of contacts are  not surve ye d , but are  plotte d  by
inte rpre tation of the  position of a give n contact onto a topographic base  m ap; the re fore , the  accuracy of contact
locations d e pe nd s on the  scale  of m apping and  the  inte rpre tation of the  ge ologist(s). Any e nlarge m e nt of this
m ap could  cause  misund e rstand ing in the  d e tail of m apping and  m ay re sult in e rrone ous inte rpre tations. S ite -
spe cific cond itions should  be  ve rifie d  by d e taile d  surface  m apping or subsurface  e xploration. T opographic and
cultural change s m ay not be  shown d ue  to re ce nt d e ve lopm e nt.

Cross se ctions are  constructe d  base d  upon the  inte rpre tations of the  author m ad e  from ge ologic m apping and
available  ge ophysical and  subsurface  (d rillhole ) d ata. Cross se ctions should  be  use d  as an aid  to und e rstand ing
the  ge ne ral ge ologic fram e work of the  m ap are a, and  not be  the  sole  source  of inform ation for use  in locating or
d e signing we lls, build ings, road s, or othe r m an-m ad e  structure s.

T he  N e w M e xico Bure au of Ge ology and  M ine ral R e source s cre ate d  the  O pe n-file  Ge ologic M ap S e rie s to
e xpe d ite  d isse m ination of the se  ge ologic m aps and  m ap d ata to the  public as rapid ly as possible  while  allowing
for m ap re vision as ge ologists continue d  to work in m ap are as. Each m ap she e t carrie s the  original d ate  of
publication be low the  m ap as we ll as the  late st re vision d ate  in the  uppe r right corne r. In most case s, the
original d ate  of publication coincid e s with the  d ate  of the  m ap prod uct d e live re d  to the  N ational Coope rative
Ge ologic M apping Program (N CGM P) as part of N e w M e xico’s S T AT EM AP agre e m e nt. W hile  m aps are
prod uce d , maintaine d , and  upd ate d  in an ArcGIS ge od atabas e , at the  tim e  of the  S T AT EM AP d e live rable , e ach
m ap goe s through cartographic prod uction and  inte rnal re vie w prior to upload ing to the  Inte rne t. Eve n if
ad d itional upd ate s are  carrie d  out on the  ArcGIS m ap d ata file s, citations to the se  m aps should  re fle ct this
original publication d ate  and  the  original authors liste d . T he  vie ws and  conclusions containe d  in the s e  m ap
d ocum e nts are  those  of the  authors and  should  not be  inte rpre te d  as ne ce ssarily re pre s e nting the  official
policie s, e ithe r e xpre sse d  or im plie d , of the  S tate  of N e w M e xico, or the  U .S. Gove rnm e nt.

T his d raft ge ologic m ap is pre lim inary and  will und e rgo re vision. It was prod uce d  from e ithe r scans of hand -
d rafte d  originals or from d igitally d rafte d  original m aps and  figure s using a wid e  varie ty of software , and  is
curre ntly in cartographic prod uction. It is be ing d istribute d  in this d raft form as part of the  bure au's O pe n-file
m ap se rie s (O F GM ), d ue  to high d e m and  for curre nt ge ologic m ap d ata in the se  are as whe re  S T AT EM AP
quad rangle s are  locate d , and  it is the  bure au's policy to d isse m inate  ge ologic d ata to the  public as soon as
possible .

Afte r this m ap has und e rgone  re vie w, e d iting, and  final cartographic prod uction ad h e ring to bure au m ap
stand ard s, it will be  re le as e d  in our Ge ologic M ap (GM ) se rie s.  T his final ve rsion will re ce ive  a ne w GM
num be r and  will supe rce d e  this pre lim inary ope n-file  ge ologic m ap.

M apping of this quadrangle was funded by a matching-funds grant from the S T AT EM AP program of the
National Cooperative Geologic M apping Act (Fund Number: _ _ _ _ _ _ _ _ _ _ _ ), administered by the U . S .
Geological S urvey, and by the New M exico Bureau of Geology and M ineral Resources, (Dr. Nelia W.
Dunbar,Director and State Geologist; Dr. J. M ichael T immons,Assoc. Director for Mapping Programs).
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Explanation of Map
1.1.1 Contact— Id e ntity and  e xiste nce  ce rtain, location
accurate
1.1.17 Grad ational contact— Id e ntity and  e xiste nce  ce rtain,
location accurate
1.1.2 Contact— Id e ntity or e xiste nce  que stionable , location
accurate
1.1.3 Contact— Id e ntity and  e xiste nce  ce rtain, location
approxim ate
1.1.7 Contact— Id e ntity and  e xiste nce  ce rtain, location
conce ale d
1.2.1 Ke y be d — Id e ntity and  e xiste nce  ce rtain, location
accurate
19.01.23 S e d im e ntary facie s bound ary— S howing
approxiam te  bound ary be twe e n bound ary be twe e n
d aignostic se d im e nt asse m blage s
2.1.1 F ault (ge ne ric; ve rtical, subve rtical, or high-angle ; or
unknown or unspe cifie d  orie ntation or se nse  of
slip)— Id e ntity and  e xiste nce  ce rtain, location accurate
2.1.3 F ault (ge ne ric; ve rtical, subve rtical, or high-angle ; or
unknown or unspe cifie d  orie ntation or se nse  of
slip)— Id e ntity and  e xiste nce  ce rtain, location approxim ate
2.1.7 F ault (ge ne ric; ve rtical, subve rtical, or high-angle ; or
unknown or unspe cifie d  orie ntation or se nse  of
slip)— Id e ntity and  e xiste nce  ce rtain, location conce ale d
2.2.1 N ormal fault— Id e ntity and  e xiste nce  ce rtain, location
accurate
2.2.3 N ormal fault— Id e ntity and  e xiste nce  ce rtain, location
approxim ate
2.2.4 N ormal fault— Id e ntity or e xiste nce  que stionable ,
location approxim ate
2.2.7 N ormal fault— Id e ntity and  e xiste nce  ce rtain, location
conce ale d
2.2.8 N ormal fault— Id e ntity or e xiste nce  que stionable ,
location conce ale d
2.8.1 T hrust fault (1st option)— Id e ntity and  e xiste nce
ce rtain, location accurate
2.8.3 T hrust fault (1st option)— Id e ntity and  e xiste nce
ce rtain, location approxim ate
2.8.7 T hrust fault (1st option)— Id e ntity and  e xiste nce
ce rtain, location conce ale d
2.8.8 T hrust fault (1st option)— Id e ntity or e xiste nce
que stionable , location conce ale d

31.08 M ap Bound ary

17.12 H e ad  scarp of land slid e -Active , sharp, d istinct, and
accurate ly locate d
5.1.1 Anticline  (1st option)— Id e ntity and  e xiste nce  ce rtain,
location accurate
5.5.3 Syncline  (1st option)— Id e ntity and  e xiste nce  ce rtain,
location approxim ate
5.5.7 Syncline  (1st option)— Id e ntity and  e xiste nce  ce rtain,
location conce ale d
5.9.17 M onocline , anticlinal be nd  (1st option)— Id e ntity and
e xiste nce  ce rtain, location accurate
5.9.19 M onocline , anticlinal be nd  (1st option)— Id e ntity and
e xiste nce  ce rtain, location approxim ate

12.5 F luvial transport d ire ction

2.11.9 Incline d  fault (2nd

6.1 H orizontal be d d ing

6.2 Incline d  be d d ing

8.2.3 Incline d  flow band ing, lam ination, laye ring, or
foliation in igne ous rock

8.3.2 Incline d  m e tam orphic foliation

8.3.3 V e rtical m e tam orphic foliation

9.17 Incline d  slickline , groove , or striation on fault surface
(1st option)
9.5 H orizontal ge ne ric (origin or type  not known or not
spe cifie d ) line ation or line ar structure  (1st option)

<N ull>

18.55 S m all cone , ve nt, cind e r cone , or spatte r

19.03.01 Prospe ct (pit or sm all ope n

19.03.04 O pe n pit, quarry, or glory

26.01.01 W ate r we ll, type  unspe cifie d

31.21 S am ple  locality— S howing sam ple

31.21 S am ple  locality— S howing sam ple

31.10 Cross se ction

01-01-00-00-00–U nit–Qvy–Younge r valle y alluvium, pie d m ont
facie s –Active  channe l, low te rrace  and  alluvial-fan d e posits of
tributary arroyos. Consists of poorly sorte d , nonind urate d ,
volcanic-rich grave l, sand , silt, and  clay. Associate d  with low
grad e d  surface s form e d  d uring last m ajor e pisod e  of valle y

01-02-00-00-00–U nit–Qvyf–Younge r valle y fill, axial-fluvial facie s
–F lood plain d e posits of R io Grand e ; consists mostly of clay to
sand . Grad e s to we ll sorte d  grave l at basal scour surface  as much
as 30 m be low flood plain (M cGrath and  H awle y, 1987).

01-03-00-00-00–U nit–Qe –Eolian d e psits–Light gray, fine  graine d ,
we ll sorte d  sand ; locally burie s late  Ple istoce ne  scarp of the

01-04-00-00-00–U nit–Qca–Colluvium and  alluvium,
und iffe re ntiate d –T alus and  colluvium on ste e p to m od e rate
slope s in the  Chupad e ra M ountains. Also, grave lly slope  wash
on e rosion surface s cut in poorly consolid ate d  uppe r Ce nozoic
d e posits in S ocorro Basin. Grave lly colluvium is typically shown
whe re  it masks ance stral R io Grand e  d e posits (QT sf). Includ e s
sm all uppe r Ple istoce ne  d e bris flow on south wall of Blue
Canyon. W id e spre ad  colluvial ve ne e rs on d iss e cte d  pie d m ont
slope s in the  S ocorro Basin are  ge ne rally not d e line ate d . U sually

01-05-00-00-00–U nit–af–Artificial fill and  m ine  waste  –—  M ostly
re pre se nts com pacte d  fill, as road way subgrad e s along Inte rstate
25 and  ad jace nt flood  control le ve e s. Includ e s waste -rock pile s
e ast of aband one d  M CA mine s and  a 10 m-high tailings pile  e ast

01-06-00-00-00–U nit–Qvo–O ld e r valle y alluvium, pie d m ont
facie s–Inse t te rrace  and  alluvial-fan d e posits of tributary arroyos
associate d  with five  e pisod e s of valle y e ntre nchm e nt and
backfilling. F rom old e st to younge st, grad e d  surface s associate d
with the s e  alluvial d e posits proje ct: 64–70 m (Qvo1), 43–52 m
(Qvo2), 30–40 m (Qvo3), 15–21 m (Qvo4) and  6–9 m (Qvo5)
above  the  R io Grand e  flood plain. Corre lation of Qvo units into
we ste rn third  of quad rangle  is te ntative . Consists of poorly to
mod e rate ly sorte d , bould e ry to cobbly, volcanic-rich grave l,
grave lly sand  and  mud d y silts. Ge ne rally re d d ish orange  to
re d d ish brown, locally light brown to tan in color. M ostly
nonind urate d , howe ve r, uppe rmost be d s be ne ath grad e d
surface s are  variably ce m e nte d  by pe d oge nic carbonate  horizons
(c) approxim ate ly 0.6 m to 0.1 m thick. Distal alluvial-fan
d e posits contain silice ous sand  and  rare  quartzite  pe bble s
re cycle d  from the  und e rlying S ie rra Lad rone s fluvial facie s
(QT sf). T e ntative  corre lation with Quate rnary alluvial units in
the  S an Acacia and  Las Cruce s are as (base d  on proje cte d  he ight
above  R io Grand e ) sugge st the se  d e posits range  in age  from
about 250,000 ye ars to 25,000 ye ars old  (M ache tte , 1978, 1985).

01-07-00-00-00–U nit–Qvof–O ld e r valle y fill, fluvial facie s and
m inor pie d m ont facie s–Comple xly inte rtonguing axial-rive r
d e posits (old e r R io Grand e ) and  d istal alluvial-fan d e posits of
tributary arroyos. Locally d ivid e d  into old e r (Qvof2) and
younge r (Qvof3) units base d  on late ral continuity with old e r
pie d m ont d e posits (Qvo2 and  Qvo3). Consists of light gray to
light ye llowish brown, we ll sorte d , fluvial sand s and  grave ls
(transport to south), inte rbe d d e d  with re d d ish orange , poorly
sorte d , sand y to cobbly, volcanic-rich grave ls (transport to e ast),
and  re d -silty mud stone s. W e ll round e d  to subround e d  quartzite ,
granite  and  m e tam orphic rock pe bble s are  typical of the  axial-
rive r d e posits. H owe ve r, le nse s of locally d e rive d  volcanic
cobble s (re worke d  pie d m ont facie s) are  also pre se nt in axial-
rive r d e posits. F acie s bound ary with Qvo place d  at approxim ate
we ste rn lim it (crosse s on map) of axial rive r be d s that commonly
ove rlie  volcanic-rich pie d m ont-facie s grave ls. As much as 24 m

01-08-00-00-00–U nit–Qpu–Pie d m ont d e posits
und iffe re ntiate d –Coarse  d e bris flows and  poorly sorte d
volcanic-rich grave ls, sand  and  mud s, d e posite d  on sm all
alluvial fans d e rive d  from sm all catchm e nt are as on the  e ast
flank of the  Chupad e ra M ountains. Contains burie d  soils sim ilar
to those  in QT sp; not d e m onstrate d  to inte rtongue  with QT sf.
Probably re pre se nts locally continuous aggrad ation, e quivale nt
to QT sp and  old e r Qvo d e posits. Base  not e xpose d , m inimum
thickne ss 30–60 m. Includ e s re m nants of high-le ve l te rrace s and
alluvial fans, as much as 9 m thick, within the  Chupad e ra

02-03-00-00-00–U nit–QT sp–S ie rra Lad rone s F orm ation, uppe r
pie d m ont facie s –Alluvial fan d e posits be low Las Cañas surface
(Qlc) of M cGrath and  H awle y, 1987. F rom north to south, large ,
low-grad ie nt alluvial fans (pale oslope s of 120–140 ft/m i) e m anate
from S ocorro Canyon, R e d  Canyon, N ogal Canyon (W alnut
Cre e k) and  "South Chupad e ra S pring Canyon." Distinctive
volcanic clasts d e m onstrate  that all but the  latte r we re  fe d  by
large  canyons in the  e aste rn M agd ale na M ountains, nam e ly
S ixm ile  Canyon, M olino Canyon and  Caronita Canyon.
Abund ant m e tam orphic clasts and  large  basalt bould e rs in the
"S outh Chupad e ra S pring" alluvial fan ind icate  that it was
d e rive d  from a large  am pithe atre  be twe e n T able  M ountain and
Chupad e ra M ountain. Consists of re d d ish orange  to re d d ish
brown, poorly consolid ate d , volcanic-rich, bould e r to cobble
conglom e rate s, conglom e ratic sand stone s, mud d y sand stone s,
and  silty mud stone s; ge ne rally fining to the  e ast. A mud d y
transitional d istal-fan facie s (subscript "d ") is locally d e line ate d
whe re  we ll e xpose d  in the  are a north of lowe r R e d  Canyon. T he
d istal facie s consists mostly of re d d ish orange  silty mud stone s
and  fine -graine d  sand stone s, with a fe w pe bbly conglom e rate s.
Exposure s of the  d istal facie s ave rage  about 500 m in wid th and
lie  just we st of the  QT sp–QT sf facie s bound ary. A fine -graine d ,
gypsum ce m e nte d  sand stone  within the  d istal facie s (SE¼ S e c.
11, T 4S, R 1W ) probably re pre se nts an ove rbank splay d e posit of
the  ance stral R io Grand e . Burie d  calcic soil horizons (bc) are
common within the  pie d m ont facie s. T he  ge ntly e ast tilte d  base
of the  uppe r pie d m ont facie s (QT sp), is locally e xpose d  in the
walls of "S outh Blue  Canyon" whe re  it appe ars to conform ably
ove rly poorly e xpose d  fluvial fan d e posits (we ll-sorte d  sand s) of
the  lowe r S ie rra Lad rone s F orm ation (T sft). M aximum thickne ss
of uppe r pie d m ont facie s, e stim ate d  from cross se ction (she e t 2,
A Á) is 140 m. W e st of the  M CA fault, on a structurally highe r

02-04-00-00-00–U nit–QT sf–S ie rra Lad rone s F orm ation, axial-
fluvial facie s–Axial rive r d e posits of the  ance stral R io Grand e ,
and  m inor inte rtonguing d istal pie d m ont-slope  d e posits (se e
re fe re nce  outcrops on she e t 1 for e xam ple s of inte rtonguing
localitie s). QT sf–QT sp facie s bound ary is place d  at we ste rn
(mountainward ) lim it of we ll sorte d , light-gray to pale  ye llowish
brown, quartz-rich rive r sand s or pe bbly grave ls (crosse s on
m ap). Pie d m ont facie s grave ls that locally cap the  fluvial facie s
(e ast of the  facie s bound ary) are  d e line ate d  as QT sp on the  m ap.
Axial rive r sand s are  mostly non ind urate d , howe ve r, a fe w
le nse s of friable  calcite -ce m e nte d  sand stone  are  locally pre se nt
(N E¼ se c. 30, T 4S, R 1E). Pe bbly grave l le nse s typically contain
we ll-round e d  to subround e d  clasts of quartzite , che rt, granite ,
m e tam orphic rocks, and  various volcanic rocks (a fe w re cycle d
from local pie d m ont facie s). Le nse s of rhyolitic pum ice  (r) are
also locally pre se nt. R ive r sand s ofte n fine  upward s into re d  or
gre e nish gray, poorly ind urate d , mud stone s that probably
re pre se nt flood plain d e posits or aband one d  channe l fills. W ate r-
laid  rhyolitic ash be d s (a), appare ntly d e rive d  from e ruptions in
the  Je m e z M ountains (Dunbar e t.al., 1996), commonly ove rlie
flood plain mud stone s ne ar the  we ste rn lim it of the  axial-rive r
facie s. Ash be d s are  0.1–0.6 m thick and  occur at thre e
stratigraphic le ve ls approxim ate ly 18, 27 and  33 m be low the
proje cte d  top of QT sf. T he  stratigraphically highe st ash found
ne ar W alnut Cre e k, was d e posite d  at 1.22 M a or slightly late r
(T able  1, no. 1); and  the  m id d le  ash (T able  1, no. 3A) is
ge oche m ically e quivale nt to pum ice  d ate d  at 1.6 M a (T able  1, no.
2 and  3). T he  old e st ash is wid e ly e xpose d  in the  are a southwe st
of Luis Lope z. T his und ate d  ash may be  e quivale nt to the  1.78
M a S an Die go Canyon ignim brite  of S pe ll e t.al., 1990, (N .
Dunbar, pe rs. commun. 1996). Base  of axial-rive r facie s is not
e xpose d  in the  Luis Lope z quad rangle . M inimum thickne ss,
base d  on wate r we ll north of W alnut Cre e k, is 72.5 m. Possibly

02-05-00-00-00–U nit–T sp–S ie rra Lad rone s F orm ation, lowe r
m e m be r, pie d m ont facie s–Easte rly transporte d  pie d m ont-slope
d e posits (SE¼, N E¼, S e c. 8, T 4S, R 1W ). Consists of poor to
mod e rate ly ind urate d , light brown to pale  re d d ish brown,
conglom e ratic sand stone s with abund ant locally d e rive d
volcanic clasts and  rare  d ark re d  clasts of jaspe roid al ce m e nte d
(potassium m e tasom atize d ) lowe r Popotosa F orm ation (T pfm).
Lie s in angular unconform ity on uppe r Popotosa F orm ation
(T pf) and  is d isconform ably ove rlain by uppe r S ie rra Lad rone s
pie d m ont facie s (QT sp). Locally contains an unusually we ll
ind urate d  conglom e rate  be d , which is ce m e nte d  by mangane se
oxid e s and  silica (S W ¼ se c. 9, T 4S, R 1W ). Lithologically sim ilar
to e aste rly transporte d  pie d m ont-slope  conglom e rate s that
und e rlie  3.7 M a basalt flow at S ocorro Canyon (se c. 27, T 3S,
R 1W ; Cham be rlin, 1980; 1999). An inte rtonguing re lationship
with lowe r S ie rra Lad rone s fluvial-tributary facie s (T sft) is
ind icate d  by e xposure s on the  northe ast flank of S ocorro Pe ak

02-06-00-00-00–U nit–T sft–S ie rra Lad rone s F orm ation, lowe r
m e m be r, fluvial-fan transition facie s–Light gray to ye llowish
brown, we ll sorte d , fine  to m e d ium-graine d , mod e rate ly quartz-
rich sand  and  sand stone , with a fe w thin be d s of volcanic-pe bble
conglom e rate  and  re d  or pale  gre e n mud stone . Black he avy-
m ine ral lam inations are  common in the  we ll sorte d , sand  be d s.
Calcite  ce m e nte d  conglom e rate  and  sand stone s more  common
toward  base . W e ll sorte d  fine -graine d  sand s contain about 60
pe rce nt monocrystalline  quartz, 20 pe rce nt fe ld spar (microcline
and  non volcanic plagioclase ), and  20 pe rce nt volcanic lithic
fragm e nts. Consid e ring the ir location, the s e  re lative ly arkosic
and  volcanic-poor sand stone s m ay re pre se nt the  d istal portion of
a large  fluvial fan e m anating from the  W ate r Canyon are a of the
M agd ale na M ountains. T ransition unit is poorly e xpose d  in walls
of "S outh Blue  Canyon." S im ilar we ll-sorte d  quartz-rich sand s
and  volcanic-rich conglom e ratic sand stone s locally und e rlie
ance stral S ocorro Canyon alluvial conglom e rate s (T sp) and  the
3.7 M a basalt of S ocorro Canyon (Cham be rlin, 1999) at S ocorro
Canyon. T he  sam e  unit is also found  on the  uppe r northe ast
flank of S ocorro Pe ak, whe re  it contains num e rous we ll sorte d
crossbe d d e d  conglom e rate s and  sand stone s of fluvial characte r
(Cham be rlin, 1999). Easte rly pale ocurre nts and  rare  cobble s of
we ll ind urate d  (K-m e tasom atize d ) lowe r Popotosa F orm ation
(T pfm) in the  S ocorro Pe ak e xposure s ind icate  this fluvial unit is
partly re cycle d  from uplifte d  lowe r Popotosa be d s in the
M agd ale na M ountains. U nit probably re pre se nts a fluvial-fan
tributary facie s to the  ance stral R io Grand e  and  marks a
transition from close d  basin to axial rive r d e position, possibly in
re sponse  to a we tte r clim ate . T ransition unit was probably inse t
against Popotosa playa be d s and  M ioce ne  lavas on flanks of
S ocorro Pe ak. T hickne ss e stim ate d  from cross se ction A-A' is
90–120 m; it maybe  as much as 300 m thick north of S ocorro Pe ak
and  it is probably abse nt d ue  e ast of S ocorro Pe ak.

02-07-00-00-00–U nit–T p_–Popotosa F orm ation,
und ivid e d –Inte rm ontane  bolson fill d e posits of e arly R io Grand e
rift half grabe ns; as pre se ntly use d  and  m appe d  by most
worke rs, the  Popotosa F orm ation was probably not d e posite d  in
a single  broad  structural basin (e .g. "Popotosa basin" of Bruning,
1973). O riginally d e fine d  by De nny, 1940; and  re d e fine d  by
Bruning, 1973; followe d  by M ache tte , 1978. Locally d ivid e d  into
a conglom e ratic pie d m ont facie s, aka. fanglom e rate  facie s (T pf,
T pfm), a claystone  d om inate d  playa (lacustrine ) facie s (T pp), a
transitional mud stone -sand stone  facie s (T pt), an uppe r
fanglom e rate  facie s (T pfu), and  a basaltic bould e r be d  (T pfb).
Contains inte rbe d d e d  ashe s and  lava flows of M ioce ne  age
(O sburn and  Chapin, 1983b; Cathe r e t.al., 1994a). U nd ivid e d

02-08-00-00-00–U nit–T pfu–Popotosa F orm ation, uppe r
"fanglom e rate " (pie d m ont) facie s–Light brown sand stone  and
volcanic-rich conglom e ratic sand stone  locally ove rlying thick
playa facie s ne ar "S outh" Blue  Canyon. O ne  e xposure  of
conglom e rate  that contains abund ant mud  clasts (N E¼, S W ¼
se c. 4 T 42 R 1W ) sugge sts re working of und e rlying playa facie s at
e rosional unconform ity(?). If unconform ity can be  d e m onstrate d ,
the n this unit could  be  re assigne d  to the  basal S ie rra Lad rone s

02-09-00-00-00–U nit–T pp–Popotosa F orm ation, playa
facie s–M ostly re d  or maroon claystone  with m inor gre e nish
claystone s and  thin be d d e d , ye llowish brown sand stone s.
Gypsum, as se le nitic ve inle ts, occurs ne ar north bound ary of
quad rangle . Claystone s are  poorly ind urate d  and  commonly
m aske d  by colluvium (Qca). Appe ars to conform ably or
paraconform ably ove rlie  m e tsom atize d  pie d m ont-facie s
conglom e rate s (T pfm) in northe rn Chupad e ra M ountains; grad e s
late rally to buff-colore d  d istal- pie d m ont congolm e ratic
sand stone s northe ast of S ocorro Pe ak. T hickne ss at "S outh Blue
Canyon" is 460 m; northe ast of S trawbe rry Pe ak (Socorro 7.5́

02-10-00-00-00–U nit–T pf–Popotosa F orm ation, "fanglom e rate "
(pie d m ont) facie s–H e te rolithic volcanic-rich conglom e rate s and
sand stone s d e rive d  from stre am-e rosion of e arly rift, tilte d  fault
blocks. Ge ne rally d e scribe d  as "fanglom e rate s" (Bruning, 1973)
although alluvial fan ge om e trie s have  not be e n d e line ate d .
Consists of poorly to mod e rate ly we ll ind urate d , tan, buff and
pale  re d , conglom e rate s, conglom e ratic sand stone s, sand stone s
and  m inor mud stone s. Conglom e ratic sand stone s are  d om inant,
and  range  from mod e rate ly we ll sorte d  stre am d e posits with
we ll d e ve lope d  pe bble  im brications, to poorly sorte d , matrix
supporte d  d e bris flow d e posits. Pe bble  im brications ind icate  that
we ste rly pale o- transport d ire ctions are  d om inant in the  lowe r
half of the  pie d m ont facie s at W alnut Cre e k,"South Chupad e ra
S pring Canyon," and  T able  M ountain. S e que nce  ad jace nt to
W alnut Cre e k fine s upward s from bould e r conglom e rate  at base
to pe bble  conglom e rate  be low the  inte rcalate d  basalt of Broke n
T ank (T bt). Above  the  basalt flows, the  se que nce  ge ne rally
coarse ns upward s. Basal contact is a slight angular unconform ity
or d isconform ity associate d  with as much as 100 m of e rosional
re lie f. Colluvial bre ccias d e rive d  from the  imm e d iate ly
und e rlying volcanic unit are  com mon at the  basal contact.

02-11-00-00-00–U nit–T pfb–Popotosa F orm ation, basaltic bould e r
be d –Poorly e xpose d  bould e ry be d  in hanging wall of Extraño
fault, prim arily e xpre ss e d  as a narrow (30-60 m wid e ) north-
tre nd ing be lt of loose  basaltic blocks and  subangular to
subround e d  bould e rs. In situ basaltic bould e r be d  is locally
e xpose d  within light gray rhyolite -d om inate d  conglom e rate s
ne ar the  north e nd  of the  be lt (unit d ips 15° e ast he re ). Basaltic
bould e rs consist of two type s: d e nse  d ark gray to black d iabase
and  ve sicular, m e d ium gray, mod e rate ly porphyritic basalt; the y
are  te xturally sim ilar to zone s in the  basalt of O lne y R anch (T bo).
Basalt bould e rs are  as much as 1–2 m across ne ar the  south e nd
of the  be lt and  ge ne rally be com e  sm alle r toward  the  north e nd
(30–50 cm). T his unique  bould e r be d , within the  Popotosa
pie d m ont facie s (T pf), was probably d e rive d  from e rosion and
m ass wasting of a faulte d  cue sta of the  basalt of O lne y R anch
locate d  on the  uplifte d  footwall of the  Extraño fault in late
M ioce ne  tim e . Estim ate d  m axim um thickne ss of bould e r be d  is
6–12 m; unit grad e s northward  into typical he te rolithic

02-12-00-00-00–U nit–T pfm–Popotosa F orm ation, silicifie d  and
potassium m e tasom atize d  "fanglom e rate " facie s–S ilicifie d  and
potassium m e tasom atize d  late ral e quivale nt of T pf in northe rn
Chupad e ra M ountains; characte rize d  by d ark re d  to brick re d
color and  e xtre m e  ind uration in association with jaspe roid al
silica ce m e nt. S ilicification bound ary (hachure  line ) locally cuts
across fanglom e rate  be d s southwe st of the  T orre s M ine  (SE¼,
se c. 13, T 4S, R 2W ). F anglom e rate s he re  we re  d e rive d  from the
footwall of the  low-angle  Chupad e ra fault and  contain a m ixture
of H e lls M e sa T uff clasts and  crystal poor rhyolite  clasts sim ilar
to T zc or T irz. Che m ical analyse s of H e lls M e sa clasts colle cte d
across this color and  ind uration bound ary d e m onstrate s the  re d ,
we ll ind urate d  e xposure s to the  north are  potassium
m e tosom atize d  and  poorly ind urate d  e xposure s to the  south are
not m e tasom atize d  (Ennis, 1996). O ve rall, the  silicification and
potassium m e tasom atism bound ary, as d e fine d  by we ll
ind urate d  (jaspe rize d ) Popotosa outcrops, tre nd s EN E across the
northe rn Chupad e ra M ountains, subparalle l to the  Black Canyon
fault zone  (Cham be rlin and  Eggle ston, 1996). Jaspe roid al silica
also ce m e nts fault bre ccias and  zone s of pre sum e d  high initial
pe rm e ability in the  und e rlying volcanic units (he avy stipple
patte rn) in the  northe rn Chupad e ra M ountains. 40Ar/39Ar age s
of m e tasom atic ad ulalaria from the  S ocorro Canyon (Box
Canyon) are a ind icate  the  K-m e tasom atism syste m was active
from about 10.4 to 7.4 M a (Dunbar e t.al., 1994; Dunbar and
M iggins, 1996). S ilicifie d  and  m e tasom atize d  fanglom e rate s we st

02-13-00-00-00–U nit–T pt–Popotosa F orm ation, transitional
facie s–Consists of re d  non-gypsife rous mud stone s and  volcanic-
rich lithnic are nite s, m ay be  transitional to a playa facie s or an
axial-fluvial facie s. O ccurs ne ar m id d le  of pie d m ont facie s at

03-01-00-00-00–U nit–T bt–Basalt of Broke n T ank–M od e rate ly
wid e spre ad  trachybasalt flows inte rbe d d e d  within Popotosa
F orm ation on southe aste rn; we ste rn and  northe rn flanks of the
Chupad e ra M ountains. S ingular to multiple  stacke d  flows range
from d ark gray to grayish black, slightly pophyritic to fine -
graine d  d iabasic, d e nse  to m icrove sciular and  amygd aloid al,
trachybasalt (47–50% S iO 2). S lightly porphyritic basal zone s
locally contain sparse  fine -graine d  (<1.5 mm) phe nocrysts of
plagioclase , clinopyroxe ne  and  olive ne , the  latte r com monly
alte re d  to re d -brown id d ingsite . Amygd aloid al calcite  and  calcite
ve inle ts are  fairly common. De nse  core s of flows typically e xhibit
fine  graine d  d iabasic te xture s, which range  from ophitic to
subophitic. F lows north of W alnut Cre e k are  gre e nish gray,
propylitically alte re d  and  locally contain m inor mangane se
m ine ralization. N e w 40Ar/39Ar age s (T able  1, no. 4-8) and
pe trographic stud ie s (Cham be rlin, unpub. d ata) ind icate  that the
basalt of Be ar Canyon (O sburn and  Chapin, 1983b, Cham be rlin,
1980), is te m porally and  com positionally e quivale nt to the  basalt
of Broke n T ank. T he  “basalt of Be ar Canyon” (O sburn and
Chapin, 1983b) is he re  subsum e d  into the  basalt of Broke n T ank.
O utcrop d istribution, thickne ss variations, and  pale ocurre nt
obse rvations in und e rlying Popotosa conglom e rate s (T pf) are
consiste nt with a conce ale d  source  are a ne ar S an Antonio. F lows
at W alnut Cre e k appare ntly flowe d  we stward  d own a pie d m ont
slope  and  pale ovalle ys toward  T able  M ountain and  Broke n T ank.
F rom Broke n T ank the s e  lavas flowe d  northward  d own a basin
axis and  the n spre ad  out as a thin flow on playa d e posits ne ar
Be ar Canyon. Corre lation of basaltic lavas 1 km S W  of M CA
mine  is te ntative . Ave rage  of 9 40Ar/39Ar age  d ate s on this unit
is 8.42 ±0.3 M a (M cIntosh and  Cham be rlin, unpublishe d  d ata).
S tacke d  flows at W alnut Cre e k and  ne ar Broke n T ank are  as
much as 30 m thick; singular flow ne ar Be ar Canyon is 3–6 m
thick. U nit locally we d ge s out against M ioce ne  pale ovalle y wall
about 2 km SE of Broke n T ank (N W 1/4 S e c. 31, T 4S, R 1W ).

03-02-00-00-00–U nit–T bo–Basalt of O lne y R anch, ne w nam e –T he
ne w nam e  “basalt of O lne y R anch” is he re  propose d  for
e xposure s of a porphyritic tabular basalt flow on the  north flank
of T able  M ountain (S W 1/4 S e c. 7, T 5S, R 1W ), which lie s on the
southwe st portion of O lne y R anch (form e rly N ogal R anch, se c. 6,
T 5S R 1W ) locate d  in the  we st-ce ntral Chupad e ra M ountains.
Corre lative  outcrops of this unit are  found  in the  e ast-ce ntral
Chupad e ra M ountains about 4.5 km ESE of T able  M ountain. T he
basalt of O lne y R anch consists of m e d ium to d ark gray, slightly
to mod e rate ly porphyritic trachybasalt (49% S iO 2) with about
1–4 pe rce nt fine  to m e d ium graine d  (1–4.5 mm) phe nocrysts of
tabular plagioclase  and  subhe d ral gre e nish olivine . Distinctly
porphyritic basal zone s are  3–6 m thick and  typically grad e
upward s into a d e nse  core  zone  of fine -graine d  d iabase  with rare
m e d ium-graine d  phe nocrysts of plagioclase . S am ple s from
northe ast T able  M ountain and  e aste rn Chupad e ra M ountains
yie ld  40Ar/39Ar age s of 9.64 ±0.12 and  9.71 ± 0.14 M a,
re spe ctive ly (T able  1, no. 9 &10). O utcrops in the  e ast ce ntral
Chupad e ra M ountains d ip about 20° e ast, in sharp contrast with
the  ne arly flat lying outcrop on T able  M ountain. S im ilar attitud e
d iffe re nce s are  obse rve d  in the  younge r basalt of Broke n T ank
(T bt, she e t 1). Basalt of O lne y R anch is inte rbe d d e d  with poor to
mod e rate ly ind urate d  conglom e rate s and  sand stone s of the
Popotosa F orm ation that locally show we ste rly pale ocurre nt
d ire ctions and  inse t pale ovalle y ge om e trie s with re spe ct to
und e rlying O ligoce ne  volcanic rocks. T he  basalt of O lne y R anch
appare ntly flowe d  we stward  d own a M ioce ne  pale ovalle y from
a now conce ale d  source  are a be twe e n S an Antonio and  the
Bosque  d e l Apache . T hickne ss 0–10 m; locally we d ge s out
against old e r rhyolite  (T zbr1) at pale ovalle y wall on south sid e  of

03-03-00-00-00–U nit–T sd –S ocorro Pe ak R hyolite , lowe r
rhyod acite  m e m be r–Light gray to pale  re d , flow band e d ,
porphyritic rhyod acite  lava flow containing 20–30 pe rce nt
phe nocrysts (1–3 mm) of plagioclase  (locally re place d  by
ad ularia), hornble nd e  and  biotite . O utcrops north and  we st of
T owe r M ine  contain se cond ary ad ularia in close  proxim ity to
num e rous chalce d ony and  m inor jaspe roid  ve inle ts of
hyd rothe rm al origin; this sugge sts ad ularia is also hyd rothe rm al
(Cham be rlin and  Eggle ston, 1996). U nalte re d  d ark gray
vitrophyre  is locally associate d  with the  chille d  base  of flow
approxim ate ly 700 m northwe st of T owe r M ine . Biotite  from
unalte re d  basal vitrophyre  yie ld s an 40Ar/39Ar age  of 12.23 ±
0.04 M a (T able  1, no.11); howe ve r biotite  age s are  commonly 10-
20% old e r than com agmatic sanid ine  age s from the  sam e  rock
sam ple  (N e we ll, 1997). A sim ilar rhyod acite  in the  Pound  R anch
are a ove rlie s rhyolite  lavas that yie ld  a m e an sanid ine  age  of
11.31 ± 0.07 M a (N e we ll, 1997). S ource  are a unce rtain, possibly
e rupte d  from Pound  R anch volcanic ce nte r; alte rnative ly the
silicifie d  round  knob imm e d iate ly N W  of T owe r m ine  m ight
re pre se nt an e rod e d  ne ck. M aximum e xpose d  thickne ss on

04-01-00-00-00–U nit–T m–M ogollon Group und ivid e d , shown in
cross se ction only.–M ogollon Group und ivid e d , shown in cross
se ction only. T he  M ogollon Group includ e s all volcanic
form ations in the  uppe r part of the  M ogollon-Datil volcanic pile ,
which range  in age  from approxim ate ly 29 to 24 M a (Cathe r
e t.al., 1994b). T he  S pe ars Group (not pre se nt in Luis Lope z
quad rangle ) includ e s all volcaniclastic se d im e ntary formations
throughout the  M ogollon-Datil volcanic pile , e xce pt
volcaniclastic se d im e ntary units associate d  with cald e ras (Cathe r
e t.al., 1994b). As d e line ate d  he re , the  M ogollon Group includ e s 5
re gional ignim brite s, plus locally e rupte d  volcanic units and
volcaniclastic-se d im e ntary fill within the  S ocorro cald e ra (Luis
Lope z F orm ation), volcaniclastic se d im e ntary fill of the  S awm ill
Canyon cald e ra, and  thin tongue s of re gional basaltic and e site
lavas (La Jara Pe ak Basaltic And e site ). M inor unnam e d  rhyolitic
sand stone s and  conglom e rate s (T vs1 and  T vs2) that occur locally
be twe e n ignim brite  outflow she e ts are  not assigne d  to the  S pe ars
Group be cause  the y are  more  like ly re late d  to cald e ra
pale otopography or possibly e arly-rift block faulting, rathe r than
constructional volcanic highland s. F orm ation nom e nclature  is

04-02-00-00-00–U nit–T lp4–La Jara Pe ak Basaltic And e site ,
uppe rmost tongue  of four re gional tongue s–M e d ium to d ark
gray basaltic and e site  lava flows, with sparse  fine -graine d
phe nocrysts of olivine  alte re d  to re d d ish brown id d ingsite .
Locally fills pale ovalle y cut in S outh Canyon T uff on south sid e
of N ogal Canyon (S W 1/4, S e c. 6, T 5S, R 1W ). U nd ate d  flow is
te ntative ly corre late d  with the  “basalt of M ad e ra Canyon” as
m appe d  by O sburn e t.al. (1981), on the  basis of sim ilar lithology
and  stratigraphic position. T he  "basalt of M ad e ra Canyon" has
re ce ntly be e n d ate d  at 26.95±0.2 M a (M cIntosh and  Cham be rlin,

04-03-00-00-00–U nit–T sc–S outh Canyon T uff–Partially to d e nse ly
we ld e d , light gray to pale  grayish re d , phe nocryst-poor to
mod e rate ly phe nocryst-rich, pum ice ous, high-silica rhyolite
ignim brite . M e d ium graine d  (1–3 mm) phe nocrysts of sube qual
quartz and  sanid ine , with trace s of biotite  and  plagioclase ,
progre ssive ly incre ase  upward s from about 5% ne ar partly
we ld e d  base  to as much as 25% ne ar d e nse ly we ld e d  top (whe re
pre se rve d ). Ge ne rally lithic poor e xce pt ne ar base ; light gray
pum ice  (1–5 cm) is mod e rate ly abund ant (5–15%). M od e rate ly
crystal rich uppe r zone  only locally pre se rve d  be low M ioce ne
e rosion surface . R e pre se nts re m nants of thin outflow she e t
e rupte d  from the  M ount W ithington cald e ra in the  northe rn S an
M ate o M ountains (F e rguson, 1991). M e an 40Ar/39Ar age  is 27.37
± 0.07 M a; magne tic polarity is re ve rse  (M cIntosh e t.al., 1991).
Corre lation he re  is base d  on lithology and  re lative  stratigraphic

04-04-00-00-00–U nit–T lp3–La Jara Pe ak Basaltic And e site , uppe r
m e d ial tongue  of four re gional tongue s–R e d d ish brown to d ark
gray, massive  to ve sicular, fine -graine d , basaltic and e site  lava
flows characte rize d  by sm all (1–2 mm) mod e rate ly abund ant
(10–15%) F e -M g phe nocrysts alte re d  to he m atite  or id d ingsite .
T he  latte r pre sum ably re pre se nt alte re d  olivine . R e pe s e nts thin

04-05-00-00-00–U nit–T vs2–U nnam e d  volcaniclastic se d im e ntary
unit, uppe r of 2 units–Light gray to white , tufface ous sand stone ,
siltstone , ash be d s and  m inor pe bble  conglom e rate  in are a south
of N ogal Canyon. O ccupie s sam e  stratigraphic inte rval as the
uppe r-m e d ial La Jara Pe ak Basaltic And e site  at T owe r m ine .

04-06-00-00-00–U nit–T lu/T ll–Le m itar T uff; uppe r and  lowe r
m e m be rs–Com positionally zone d  (77–65 wt% S iO 2), silicic
ignim brite  subd ivid e d  into a lowe r m e m be r (T ll) of partially to
d e nse ly we ld e d , light gray, phe nocryst-poor (5–15%), high-silica
rhyolite , and  an uppe r m e m be r (T lu) of d e nse ly we ld e d , d ark
re d , phe nocryst-rich (30–45%), rhyod acite  to rhyolite . Contains
sparse  to abund ant, m e d ium-graine d  (1–4 mm) phe nocrysts of
quartz, sanid ine , plagioclase , and  biotite  with trace s of augite
and  sphe ne . Lowe r third  of uppe r m e m be r is re lative ly quartz
poor (<5%) compare d  to uppe r two third s, which is quartz rich
(10–15%). S m all (1–3 cm) phe nocryst-poor pum ice  is mod e rate ly
abund ant (3–5%) in lowe r m e m be r. S parse , phe nocryst-rich
pum ice  and  sm all (<2 cm) grayish re d  "magma blobs" of
and e sitic porphyry are  typical in outflow of the  uppe r m e m be r.
Distribution and  thickne ss tre nd s sugge st that the  Le m itar T uff
was e rupte d  from the  H ard y R id ge  cald e ra on the  we st flank of
the  M agd ale na M ountains (F ig. 2; G. R . O sburn oral commun.
1999; se e  M cIntosh e t.al., 1991, fig. 29). Le m itar ignim brite  locally
appe ars to pinchout against e aste rn wall of the  old e r S awm ill
Canyon cald e ra in the  T owe r M ine  are a. Exposure s in southe rn
Chupad e ra M ountains fill broad  troughs and  pale ovalle ys. M e an
40Ar/39Ar age  is 28.00 ± 0.08 M a; pale om agne tic polarity is
norm al (M cIntosh e t.al., 1991). Corre lation base d  on d istinctive
zonation of inte rce pt in d rillhole  at T owe r M ine  (M C-1), a
slightly younge r 40Ar/39Ar sanid ine  age  of 27.75 ± 0.16 M a
(T able  1, no. 14), and  d e te rm ination of normal polarity for the
lowe r Le m itar T uff e xposure  northe ast of the  T owe r M ine  (W . C.

05-01-00-00-00–U nit–T x–S awm ill Canyon F orm ation,
und ivid e d –S hown in cross se ction only. Volcaniclastic
se d im e ntary d e posits d e rive d  from the  e aste rn wall of the
S awm ill Canyon cald e ra (O sburn and  Chapin, 1983a;
Cham be rlin e t.al., in pre ss). F ining upward  se que nce  of bre ccia,
conglom e rate  and  sand stone , locally e xpose d  northe ast of the

05-02-00-00-00–U nit–T xs–S awm ill Canyon F orm ation, lowe r
se d im e ntary m e m be r, uppe r sand stone  be d s–pale  re d  to grayish
re d , we ll sorte d , fine -graine d  rhyolitic sand stone  with m inor
conglom e rate s ne ar the  base ; sand stone s m ay be  partly e olian.
Grad e s d ownward  into conglom e rate /bre ccia unit (T xx). About
20-25m thick in surface  outcrops; T owe r M ine  d rill hole  (M C-1)
inte rce pte d  25.6m of sand stone s be low Le m itar T uff

05-03-00-00-00–U nit–T xx–S awm ill Canyon F orm ation, lowe r
se d im e ntary m e m be r, basal bre ccia and  conglom e rate
be d s–basal rhyolitic bre ccias (ancie nt colluvial d e posits d e rive d
from flow-band e d  T zc) grad e  upward  into crud e ly be d d e d
d e bris flows with abund ant locally d e rive d  clasts of T zc, T za3
and  T hu. S urface  e xposure s of the  basal bre ccias and
conglom e rate s are  we ll ind urate d  by re d  jaspe roid al silica, which
is commonly associate d  with potassium m e tasom atism (Dunbar
e t.al, 1994: Cham be rlin and  Eggle ston, 1996). T xx in T owe r m ine
d rill hole  (M C-1) appe ars to be  argillize d  (clay rich), but it is not
ce m e nte d  by jaspe roid al silica. O utcrop is 40-50m thick, inte rce pt

06-01-00-00-00–U nit–T vs1–U nnam e d  volcaniclastic se d im e ntary
unit, lowe r of 2 units–Light gray tufface ous sand stone  and  m inor
pe bble  conglom e rate s probably d e rive d  from the  und e rlying La
Je ncia T uff. T he s e  alluvial sand stone s m ay locally re pre se nt late -
stage  e rosional e nlarge m e nt of the  southe aste rn wall of the
S awm ill Canyon cald e ra, since  the y occupy the  sam e
stratigraphic position as the  S awm ill Canyon F orm ation
(T xs/T xx). Alte rnative ly T vs1 may be  re late d  to e rosion of
slightly uplifte d  fault blocks of the  e arly R io Grand e  rift, since
T vs1 also occupie s the  stratigraphic position of the  V icks Pe ak

06-02-00-00-00–U nit–T vp–V icks Pe ak T uff–Light gray to pale  re d ,
phe nocryst poor, d e nse ly we ld e d  rhyolite  ignim brite . Distinctive
aspe cts includ e  lithophysal zone  ne ar base  and  large  pum ice
lapilli as much as 30 cm long ne ar the  top. Contains 1–5 pe rce nt
phe nocrysts of sanid ine  and  sparse  quartz. T hin outflow she e t
he re  was e rupte d  from the  N ogal Canyon cald e ra in the  southe rn
S an M ate o M ountains (De al and  R hod e s, 1976; O sburn and
Chapin, 1983a). Appe ars to be  pre fe re ntially pre se rve d  on the
d ownthrown (southwe ste rn) sid e  of northwe st to north- striking
normal faults ne ar southe rn margin of quad rangle . M e an
40Ar/39Ar age  is 28.56 ± 0.06 M a; pale om agne tic polarity is
re ve rse  (M cIntosh e t.al., 1991). Corre lation he re  base d  on

07-01-00-00-00–U nit–T jus–U ppe r zone  of La Je ncia T uff and
m inor volcaniclastic se d im e ntary rocks–Brick re d , d e nse ly
we ld e d , phe nocryst poor, rhyolite  ignim brite  with abund ant
d ark gray to black pum ice  fiam m e . Contains sparse  (1–3%) sm all
phe nocrysts of sanid ine  and  quartz with trace s of plagioclase
and  biotite . Grad e s d ownward  into m ain bod y of the  La Je ncia
T uff (T j). Brick re d  uppe r La Je ncia T uff is pre se rve d  only whe re
locally ove rlain by the  V icks Pe ak T uff (T vp). As m appe d  he re ,
includ e s a fe w m e te rs of tufface ous sand stone  and  pe bble
conglom e rate  that d iscontinuously ove rly the  brick re d  zone .

07-02-00-00-00–U nit–T j–La Je ncia T uff, main bod y–Light gray,
pale  re d  and  grayish re d , phe nocryst poor, rhyolite  ignim brite
characte rize d  by a thick m e d ial zone  of ve ry d e nse ly we ld e d ,
rhe omorphic (flow band e d ) ignim brite . F low-band e d  m e d ial
zone  grad e s upward s and  d ownward s to normal e utaxitic
ignim brite  ne ar top and  base . Contains sparse  (3–5%)
phe nocrysts of sanid ine  and  quartz with trace s of plagioclase
and  biotite . O rie ntations of line ate d  (stre tche d ) pum ice  are
consiste nt with a source  are a to the  we st or northwe st
(Eggle ston,1982). Erupte d  from the  com posite  S awm ill Canyon-
M agd ale na cald e ra in the  north ce ntral and  we ste rn M agd ale na
M ountains (O sburn and  Chapin, 1983a). M e an bulk sanid ine
40Ar/39Ar age  is 28.85 ± 0.04 M a; pale om agne tic polarity is
re ve rse  (M cIntosh e t.al., 1991). Corre lation he re  base d  on
lithology, re lative  stratigraphic position and  a single -crystal
sanid ine  age  of 28.69 ± 0.16 M a (T able  1, no. 15). T hickne ss in
are a south of N ogal Canyon range s from 45–360 m; locally

08-01-01-00-00–U nit–T zs3–U ppe r se d im e ntary m e m be r–Light
gray, light brown, or pale  re d  rhyolitic sand stone s,
conglom e rate s and  m inor mud stone s. Conglom e rate s locally fill
pale ovalle y cut in und e rlying rhyolite  lava (T zbr1) in are a south
of N ogal Canyon. Assignm e nt to Luis Lope z F orm ation is

08-01-03-00-00–U nit–T zbr2–U ppe r rhyolite  flow
unit–phe nocryst-poor rhyolite  lava flow consisting of a basal
d ark gray vitrophyric flow bre ccia that grad e s upward s into a
d e nse  flow-band e d  black vitrophyre  and  an uppe r zone  of
re d d ish brown sphe rulitic rhyolite . Contains sparse , sm all
phe nocrysts of plagioclase , sanid ine  and  rare  biotite . U ppe r flow
unit we d ge s out to south against cre st of und e rlying lava d om e
(T zbr1). Yie ld s 40Ar/39Ar sanid ine  age  of 28.72 ± 0.11 (T able  1,

08-01-04-00-00–U nit–T zbrt–M e d ial tuff unit–light gray,
phe nocryst poor, pum ice ous, crossbe d d e d , base -surge  d e posits
and  thin, poorly we ld e d , pum ice ous ignim brite s; compositonally
sim ilar to the  ove rlying rhyolite  flow unit (T zbr2). F ragm e nts of
lithoid al rhyolite ; vitrophyric rhyolite  and  and e site  are  locally
abund ant. Inte rpre te d  as a proxim al pyroclastic d e posit

08-01-05-00-00–U nit–T zbr1–Lowe r rhyolite  flow unit–high-silica
rhyolite  lava d om e  and  flow com ple x (~75% S iO 2) that appe ars
to be  ce nte re d  (thicke st) ne ar the  latitud e  of N ogal Canyon.
Dom inant lithology is light brown, phe nocryst-poor, flow-
band e d , lithoid al rhyolite  with m inor vitrophyric and  sphe rulitic
zone s. Contains sparse  phe nocrysts of plagioclase , sanid ine  and
biotite  with trace s of hornble nd e  and  sphe ne . S te e p flow
foliations and  pale otopographic cre st of lava d om e  south of
N ogal Canyon (ce nte r, se c. 5, T 5S, R 1W ), sugge st a prim ary ve nt
ne ar he re . Infe rre d  ve nt are a probably m arks a point on the  old e r
ring fracture  zone  of the  S ocorro cald e ra. M aximum thickne ss
ne ar N ogal Canyon is 550 m; unit locally te rm inate s ne ar south
m argin of cald e ra (S he e t 2, high-silica rhyolite  lava d om e  and
flow com ple x (~75% S iO 2) that appe ars to be  ce nte re d  (thicke st)
ne ar the  latitud e  of N ogal Canyon. Dom inant lithology is light
brown, phe nocryst-poor, flow-band e d , lithoid al rhyolite  with
m inor vitrophyric and  sphe rulitic zone s. Contains sparse
phe nocrysts of plagioclase , sanid ine  and  biotite  with trace s of
hornble nd e  and  sphe ne . S te e p flow foliations and
pale otopographic cre st of lava d om e  south of N ogal Canyon
(ce nte r, se c. 5, T 5S, R 1W ), sugge st a prim ary ve nt ne ar he re .
Infe rre d  ve nt are a probably marks a point on the  old e r ring
fracture  zone  of the  S ocorro cald e ra. M axim um thickne ss ne ar
N ogal Canyon is 550 m; unit locally te rm inate s ne ar south

08-01-06-00-00–U nit–T zas–U ppe r inte rm e d iate  lava m e m be r,
m e d ium-graine d  trachyand e site  flow unit and  volcaniclastic
se d im e nts–Consists of trachyand e site  porphyry lava flow
inte rcalate d  with we ll ind urate d , maroon, and e sitic
conglom e rate s and  sand stone s. And e sitic porphyry lava contains
15–20 % phe nocrysts of fre sh to variably alte re d  m e d ium-
graine d  plagioclase , pyroxe ne  and  hornble nd e ; it is corre lative
with T za3 in the  northe ast moat. And e sitic conglom e rate s also
contain sparse  rhyolite  tuff and  lava clasts. T hickne ss 0-40m.

08-01-07-00-00–U nit–T zs2–M e d ial se d im e ntary m e m be r–Light
gray tufface ous sand stone s and  m inor conglom e rate s ne ar ne ar
N ogal Canyon. Locally fills pale ovalle ys cut in uppe r part of T zt.

08-01-08-00-00–U nit–T zt–M e d ial pum ice ous tuff m e m be r, locally
d ivid e d  into lowe r and  uppe r cooling units–Light gray to pale
re d , poorly to d e nse ly we ld e d , pum ice ous, phe nocryst-poor,
rhyolite  ignim brite s (75-77 % S iO 2); locally lithic rich and
ge ne rally mappe d  as a single  unit in southe rn Chupad e ra
M ountains (Eggle ston, 1982). Lithic-rich le nse s that contain
abund ant sm all and e sitic fragm e nts (< 20 cm) are  common ne ar
the  base ; mod e rate ly lithic-rich zone s with both H e lls M e sa and
and e site  fragm e nts occur in the  uppe rm ost 30m. S m all (1–3 cm)
aphyric to ve ry crystal poor, white  pum ice  lapilli form 15 to 30
pe rce nt of the  rock. Pumice  is commonly alte re d  to white  clay or
ze olite s; rare  phe nocrysts of plagioclase , sanid ine  and  quartz
ind icate  the  pum ice  is rhyolitic. S parse  crystals (3–5%) of
sanid ine , plagioclase , quartz and  biotite  found  in the  m atrix of
the  uppe r lithic-rich zone s are  m ost like ly xe nocrysts d e rive d
from fragm e ntation of the  accom panying H e lls M e sa clasts. A
thin be d  of wate r laid  ash and  mud stone  that contains plant
im pre ssions occurs at the  base  of the  m e d ial tuff m e m be r about 2
km north of N ogal Canyon. About 1 km north of N ogal Canyon,
the  pum ice ous tuffs are  locally d ivisable  into a lowe r light gray,
poorly we ld e d  cooling unit about 50m thick (T zt1) and  and
uppe r pale  re d  m od e rate ly to d e nse ly we ld e d  cooling unit about
40m thick. A 2m-thick zone  of argillize d  nonwe ld e d  ash at the
top of the  lowe r cooling unit is locally we ll e xpose d  in a ravine
wall. M aximum xe nolith size  in the  lowe r cooling unit is 20cm; in
the  uppe r unit it is 5 cm. S anid ine  from a d e nse ly we ld e d  lithic-
poor inte rval of the  uppe r cooling unit yie ld s an 40Ar/39Ar age
of 30.05 ±0.17 M a (table  1, no. 20), which is analytically
e quivale nt to the  age  of the  lowe r cooling unit (T zt1) ne ar Black
Canyon (30.04 ± 0.15 M a; table  1, no. 19). Pumice ous tuffs we re
e rupte d  from the  Black Canyon ve nt are a in the  northe rn
Chupad e ra M ountains (se e  Luis Lope z units in northe rn
Chupad e ra M ountains; Cham be rlin e t.al, in pre ss). T hin outflow
she e ts of pum ice ous tuff, stratigraphically be twe e n H e lls M e sa
T uff and  La Je ncia T uff, occur wid e ly in the  S ocorro-Datil re gion;
the y are  commonly mappe d  with the  base  of the  La Je ncia T uff
or corre late d  with tuffs in the  lowe r S outh Crosby Pe ak
F orm ation (O sburn e t.al., 1993; M cIntosh and  Cham be rlin, 1994).
M aximum thickne ss approxim ate ly 120 m, locally we d ge s out to
south ne ar cald e ra wall, but a lithostratigraphically sim ilar tuff is
pre se nt in a pale ovalle y on the  south rim of the  cald e ra ne ar

08-01-09-00-00–U nit–T za2–M e d ial mafic-rhyolite  flow unit,
within m e d ial pum ice ous tuff m e m be r–Dark gray to re d d ish
gray and  bluish gray, massive  to platy (we akly flow band e d ),
phe nocryst-poor (5–10%) low-silica rhyolite  lava (69.5 % S iO 2)
with anom alous mafic com pone nt ( 72 ppm Cr). Contains fine - to
m e d ium-graine d  phe nocrysts of pyroxe ne  and  plagioclase  with
trace s of fine -graine d  biotite  and  quartz. S om e  quartz crystals
e xhibit re actions rim s of pyroxe ne , and  a glassy basal zone
e xpose d  north of the  Espe ranza m ine  contains sm all inclusions
of silice ous schist and  fine -graine d  d iorite . Compositional d ata,
age  re lationships, and  magmatic d ise qulibrium te xture s support
the  inte rpre tation that the  m afic-rhyolite  flow unit re pre se nts a
hybrid  m agma, a mixture  of magmas e quivale nt to about one
part T za1 and  two parts T zt1 (Cham be rlin e t.al., in pre ss). Lie s in
angular unconform ity on H e lls M e sa-age  d om e -d e rive d  tuffs
(T rt) north of the  Espe ranza m ine , and  locally ove rlaps lowe r
pum ice ous tuff unit (T zt1) southe ast of the  Espe ranza M ine .
U nd ate d  m afic-rhyolite  flow unit is bracke te d  by lowe r (T zt1)
and  uppe r (T zt2) cooling units of the  m e d ial pum ice ous tuff
m e m be r, thus it must have  be e n e rupte d  at about 30.0 M a. As
much as 180 m thick northe ast of the  Espe ranza m ine  and  abse nt
at N ogal Canyon; probably e rupte d  from ve nt are a along south
flank of ce ntral horst block ne ar the  R e d  Canyon fault.

08-01-10-00-00–U nit–T zb–Lowe r basaltic m e m be r, trachybasalt
flow unit–Dark gray to black, m assive  to ve sicular, trachybasalt
lava flows (47 % S iO 2, 9.3 % M gO ) characte rize d  by sparse
(2–7%) sm all phe nocrysts of olive ne , ofte n partially alte re d  to
id d ingsite . V e sicular zone s containing amygad aloid al calcite  are
common in the  uppe r half of the  unit. Ground m ass se parate
from sam ple  ne ar N ogal Canyon yie ld s a mod e rate ly pre cise
plate au age  of 29.2 ± 0.47 M a (T able  1, no. 20). H owe ve r, this
plate au age  must be  innaccurate  since  since  the  trachybasalt unit
is imm e d iate ly ove rlain by pum ice ous tuffs (T zt) d ate d  at 30.05 ±
0.17 M a (T able  1, no. 20). S tratigraphic re lationships and
bracke ting age d ata sugge st the  trachybasalt was e m place d  at
about 30.5 M a. U nit pond e d  to maxim um thickne ss of 90m in
southe ast moat of S ocorro cald e ra; pinche s out to south ne ar
cald e ra wall at Chupad e ra S pring and  is abse nt ne ar ce ntral
horst block, southe ast of the  Espe ranza m ine . Probably e rupte d
from ve nt are a ne ar southe ast rim of the  S ocorro cald e ra

08-01-11-00-00–U nit–T zs1–Basal se d im e ntary
m e m be r–Volcaniclastic conglom e rate s, sand stone s and
mud stone s spatially d ivisable  into a southe rn and e sitic facie s, a
northe rn rhyolitic facie s and  a late -stage  he te rolithic axial facie s
containing d istinctive  cobble s of mod e rate ly phe nocryst-rich
sphe rulitic rhyolite  and  m inor and e site  clasts. S outhe rn facie s
ne ar Chupad e ra S pring is about 240m thick; it ge ne rally fine s
upward  from coarse  and e sitic d e bris flows and  bre ccias, to be d -
load  conglom e ratic sand stone s and  mud stone s, all of which are
m ostly purple  to d ark re d  in color. Clast com positions and  grain-
size  tre nd s im ply the  southe rn and e sitic facie s was d e rive d  from
the  southe rn cald e ra wall. N orthe rn rhyolitic facie s at N ogal
Canyon is 200m thick; it consists of 170m of pale  re d  tufface ous
mud stone s and  thin inte rbe d s of light-gray rhyolite -d e rive d
sand stone  unconform ably ove rlain by 30m of upward
coarse ning conglom e ratic sand stone s d om inate d  by cobble s and
sm all bould e rs d e rive d  from crystal-rich H e lls M e sa T uff. An
angular unconform ity of about 5° se parate s the  basal mud stone
facie s from the  ove rlying conglom e ratic unit; im bricate d  pe bble s
and  cobble s ind icate  southe rly pale ocurre nt d ire ctions.
Compositional tre nd s and  pale ocurre nt obse rvations im ply that
the  northe rn rhyolitic facie s was initially d e rive d  from a slightly
positive  core  are a, and  the n late r d e rive d  from a rapid ly
e m e rging ce ntral uplift locate d  a fe w kilom e te rs north of N ogal
Canyon. A late -stage  axial conglom e ratic facie s is e xpose d  in the
uppe rmost 20m of se ction about 1 km south of N ogal Canyon. It
consists of light gray conglom e ratic sand stone s containing
abund ant cobble s of mod e rate ly phe nocryst-rich sphe rulitic
rhyolite , which are  ofte n flow band e d , and  m inor and e sitic
clasts. Clast im brications ind icate  we ste rly pale ocurre nt
d ire ctions. S anid ine  from the  sphe rulitic rhyolite  clasts yie ld
40Ar/39Ar age s of 33.74 ± 0.10 and  33.68 ± 0.15 M a (T able  1, no.
22 and  23), which supports the  inte pre tation that the y we re
d e rive d  from pre cald e ra rhyolite  lavas on the  southe ast m argin
of the  cald e ra. Basal se d im e ntary m e m be r conform ably ove rlie s
H e lls M e sa T uff ne ar Chupad e ra S pring. Just south of map are a,
it we d ge s out against Pre cam brian rocks that locally d e fine  the
southe rn wall of the  S ocorro cald e ra, (Eggle ston, 1982); it is also
abse nt at the  ce ntral-horst block ne ar the  Espe ranza m ine . Age is
bracke te d  by the  und e rlying 31.9-M a H e lls M e sa T uff and  the
supe rjace nt 30.0-M a pum ice ous tuff m e m be r. M aximum

08-02-02-00-00–U nit–T zc–U ppe r rhyolite  lava flow unit–Light
gray to pinkish gray, fine ly flow band e d , phe nocryst-poor
rhyolite  lava. Erosional re m nants northe ast of T owe r M ine  are
0–20 m thick. Contains sm all phe nocrysts (2–5%) of plagioclase
with trace s of quartz, biotite  and  sanid ine . Drill hole  at the  T owe r
m ine , M C-1, inte rse cte d  60 m of inte nse ly bre cciate d  T zc
(pre viously inte rpre te d  as bre cciate d  La Je ncia T uff; Cham be rlin,
1980); probably re pre se nting an O ligoce ne  slump block on the

08-02-03-00-00–U nit–T zct–Lowe r tuff unit–Consists of light gray,
be d d e d  ash-fall tuffs and  thin zone s of fuse d  tuffs
m ine ralogically e quivale nt to ove rlying flow unit. An unusally
fre sh fuse d  zone  ne ar H ighway 60 (Socorro quad rangle ,
Cham be rlin, 1999) yie ld s a pre cise  40Ar/39Ar age  of 28.77 ± 0.10
M a from a plagioclase  se parate  (Cham be rlin e t.al., in pre ss); thus
confirm ing corre lation of the  rhyolite  of Cook S pring with the
rhyolite  of Bianchi R anch, as infe rre d  by O bsurn and  Chapin,

08-02-05-00-00–U nit–T zap–U ppe r coarse ly porphyritic flow
unit–Consists of m e d ium gray to re d d ish brown trachyd acitic
lava with m od e rate ly abund ant phe nocrysts (10–15%) of alte re d
plagioclase , pyroxe ne  and  m inor fre sh biotite . Large  subhe d ral
to round e d  plagioclase  phe nocrysts (5–15 mm long) are
commonly re place d  by pink ad ularia and  le ss commonly by
white  clay. N orthe ast striking, coarse ly porphyritic d ike s and  a
circular plug ne ar S ocorro Canyon (Cham be rlin, 1999) re pre se nt

08-02-06-00-00–U nit–T za3–Lowe r m e d ium-graine d  flow
unit–Dark purplish gray, gray, and  re d d ish brown, m e d ium
graine d  (1–3 mm) trachyand e site  porphyry lavas, flow bre ccias
and  fine ly ve sicular, ne ar ve nt, cind e r d e posits. M assive  to platy
and  locally ve sicular lavas contain mod e rate ly abund ant (5–10
%) phe nocrysts of alte re d  plagioclase  and  pyroxe ne . N orthe ast-
striking porphyry d ike  about 2 km N E of T owe r M ine  appe ars to
be  a fe e d e r d ike  for T za3 flows; anothe r ve nt for T za3 is we ll
e xpose d  on the  we st wall of Box Canyon, ne ar S ocorro Canyon
(Cham be rlin e t al., 1987, fig. 14; Cham be rlin, 1999). T hickne ss

08-02-07-00-00–U nit–T zs2–M e d ial se d im e ntary m e m be r–Planar
be d d e d  tufface ous sand stone s and  m inor and e sitic d e bris-flow
conglom e rate s. Confom ably ove rlie s uppe r pum ice ous tuff unit
(T zt2) in are a north of Black Canyon, whe re  tufface ous
sand stone s are  commonly inte nse ly silicifie d  by re d  jaspe r. A
purplish gray and e sitic d e bris flow is pre se nt at the  base  of this
unit ne ar S ocorro Canyon (Cham be rlin, 1999). About 7-60m

08-02-09-00-00–U nit–T zt2–U ppe r pum ice ous tuff unit–Light
brownish gray, variably we ld e d , pum ice ous, phe nocryst-poor,
rhyolite  ignim brite s (75-77% S iO 2); coarse  xe nolith-rich zone s
containing abund ant fragm e nts of uppe r cald e ra-facie s H e lls
M e sa T uff are  common north of Black Canyon. V e ry phe nocryst-
poor rhyolitic pum ice  (<1% crystals) comprise  about 15-30 % of
the  poorly to mod e rate ly we ld e d  ignim brite s whe re  the y are
xe nolith poor (1-10% lithics). R are  crystals of sanid ine ,
plagioclase , and  quartz occur in the  pum ice  and  matrix of lithic-
poor zone s. T uff matrix of lithic-rich zone s contains mod e rate ly
abund ant xe nocrysts of fe ld spar and  quartz d e rive d  from
abrasion of crystal-rich lithics. S e ve ral le nse s of clast-supporte d
lithic-tuff bre ccias (1-3m thick), which look sim ilar to d e bris-flow
d e posits, occur in the  mod e rate ly lithic-rich pum ice ous tuffs
be twe e n Black Canyon and  S ocorro Canyon. Angular to round e d
clasts of d e nse ly we ld e d  uppe r H e lls M e sa T uff are  d om inant in
the  ve ry-lithic rich le nse s (80-90% lithics, 10-20 % light gray
rhyolitic tuff m atrix). Large r xe noliths, as much as 90cm in
d iam e te r, are  anom alously we ll round e d , which sugge sts that
the  clast-supporte d  le nse s re pe s e nt rock-avalanche  d e posits
d e rive d  from pre e xisting H e lls-M e sa d e rive d  conglom e rate s (i.e .
T zs1) on the  we st rim of the  infe re d  collapse  structure  (Black
Canyon ve nt zone ). Large  subangular to subround e d  blocks of
d e nse ly we ld e d  uppe r H e lls M e sa T uff, com monly ove r 3m long,
are  wid e ly d istribute d  in zone s of mod e rate ly lithic-rich
pum ice ous tuff north of Black Canyon. O ne  large  block ne ar
S ocorro Canyon is bise cte d  by a narrow fracture  fille d  with
pum ice ous tuff, which sugge sts tum bling or impact d uring
e m place m e nt. M e te r-size d  blocks of H e lls M e sa T uff and  rare
blocks of coarse ly porphyritic "turke y-track" and e site  occur in
cluste rs around  the  large r blocks. Large st lithic blocks (3.4m) are
le ss than 5 km from the ir source  ve nt (F re und t e t.al., 2000, fig.4).
Clast-size  d istributions support the  inte rpre tation of a prim ary
ve nt locate d  a fe w kilom e te rs northwe st of Black Canyon, an
are a that is now oblite rate d  by the  younge r S awm ill Canyon
cald e ra (Cham be rlin, unpublishe d  m apping; Cham be rlin e t.al.,
in pre ss). As much as 270 m thick ne ar Black Canyon, about 50m
thick at S ocorro Pe ak and  40m thick ne ar N ogal Canyon.

08-02-10-00-00–U nit–T zt1–Lowe r pum ice ous tuff unit–Light gray,
poorly we ld e d , pum ice ous, lithic-rich, rhyolitic ignim brite
com positionally and  te xturally sim ilar to lowe r part of T zt in
southe rn Chupad e ra M ountains. F ine  to m e d ium-graine d
and e site  porphyry clasts are  locally abund ant and  crystal-rich
H e lls M e sa T uff clasts are  typically rare  to abse nt. R are  crystals
of sanid ine  and  quartz in m atrix are  probably prim ary
phe nocrysts. And e site  blocks as much as 2m in d iam e te r ind icate
the  Black Canyon-S ocorro Canyon are a is a proxim al zone  for the
lowe r puim ce ous tuff unit (Cham be rlin, unpublishe d  m apping).
S anid ine  from the  lowe r cooling unit ne ar e aste rn Black Canyon
yie ld s an 40Ar/39Ar age  of 30.04 ± 0.15 M a (table  1, no. 19),
the re by d e m onstrating it is coe val with the  uppe r pum ice ous tuff
unit at N ogal Canyon (Cham be rlin e t.al., in pre ss).

08-02-11-00-00–U nit–T za2–M afic-rhyolite  flow unit–Purplish
gray to d ark gray, phe nocryst-poor, mafic-rhyolite  lava flow (~ 68
% S iO 2) with anom alously high Cr conte nt (62 ppm Cr).
Contains sparse  phe nocrysts of plagioclase  and  pyroxe ne
re place d  by m e tasom atic ad ularia and  F e  oxid e s, re spe ctive ly;
trace s of fine -graine d  phe nocrystic quartz and  biotite  are  also
pre se nt. T hick hogback form e r transe cte d  by Black Canyon
appe ars to re pre se nt a singular massive  flow, about 120 m thick;
thickne ss and  d istribution patte rns sugge st a source  ve nt ne ar
the  Black Canyon fault zone . Conform ably inte rbe d d e d  within
lowe r and  uppe r cooling units of the  m e d ial pum ice ous tuff
m e m be r (T zt1 and  T zt2). Compositional d ata, age  re lationships,
and  m agm atic d ise qulibrium te xture s support the  inte rpre tation
that the  m afic-rhyolite  flow unit re pre se nts a hybrid  m agma, a
m ixture  of magm as e quivale nt to about one  part T za1 and  two
parts T zt1 (Cham be rlin e t.al., in pre ss). M aximum thickne ss is
120 m; abse nt at S ocorro Canyon and  at S ocorro Pe ak

08-02-12-00-00–U nit–T za1–Lowe r basaltic m e m be r,
compositionally zone d  basaltic and e site  to and e site  flow
unit–Purplish gray, phe nocryst-poor to mod e rate ly phe nocryst
rich, basaltic and e site  to and e site  lava and  m inor and e sitic
conglom e rate s. Lavas at Black Canyon are  inte nse ly alte re d .
Basal basaltic-and e site  zone  contains sparse  olive ne  phe nocrysts
(six-sid e d  e uhe d ra) re palce d  by hyd rothe rm al silica and
he m atite ; basaltic and e site  com position is ind icate d  by high Cr
conte nt (160 ppm Cr) and  a re lative ly high T iO 2 conte nt (1.29 %)
U ppe r and e sitic zone  contains mod e rate ly abund ant (~10%) fine -
graine d  plagioclase  laths (1-2mm long) and  octagonal pyroxe ne
phe nocrysts pre fe re ntially re place d  by m e tasom atic ad ularia and
he m atite , re spe ctive ly. Late r-stage  calcite  and  e pid ote  also
partially re place  ad ularia and  he m atite . Alte re d  plagioclase
m icrolite s form 70-80% of ground m ass in both zone s. V e sicular
or amygd aloid al zone s are  common ne ar top. As mappe d ,
includ e s 2-3 m of and e sitic conglom e rate s at the  base  of the  unit.
Lim ite d  e xte nt sugge sts source  ve nt ne ar Black Canyon.
Approxim ate ly 30 m thick at Black Canyon, abse nt in e aste rn
Black Canyon and  at S ocorro Pe ak. Basaltic and e site  to and e site
flow unit at Black Canyon occupie s the  sam e  stratigraphic
position as the  trachybasalt flow unit (T zb) at N ogal Canyon.
Lie s in angular unconform ity on be d d e d  facie s of the  uppe r

08-02-13-00-00–U nit–T zs1–Lowe r se d im e ntary m e m be r–Light
gray, pinkish gray, and  purplish gray, m e d ium- to coarse -graine d
rhyolitic sand stone s, and  m inor and e sitic d e bris flows in uppe r
part. R hyolitic sand stone s most like ly d e rive d  from und e rlying
cald e ra-facie s H e lls M e sa T uff. W e ll e xpose d  in e aste rn Black
Canyon; occupie s sam e  stratigraphic position as lowe r basaltic
and e site  to and e site  flow unit (T za1) e xpose d  at the  Black
Canyon box. Lie s in angular unconform ity on be d d e d  facie s of
the  uppe r H e lls M e sa T uff. M aximum thickne ss in e aste rn Black
Canyon is 30 m; le ss than 3 m thick at Black Canyon box.
Pre sum ably d e rive d  from mod e rate  uplift of the  ce ntral horst
block are a ne ar we ste rn Black Canyon; probably corre lative  to
uppe rmost 30 m of the  lowe r se d im e ntary m e m be r at N ogal

09-01-02-00-00–U nit–T re –H e lls M e sa-age  lava d om e –Grayish
re d , flow band e d  to massive , ve ry phe nocryst-rich, sphe rulitic
rhyolite  lava d om e  (~ 68-74 % S iO 2) ne ar Espe ranza m ine .
Contains ve ry abund ant (~52% phe nocrysts), fine - to coarse -
graine d  crystals of sanid ine , argillize d  plagioclase  and  quartz
with m inor biotite  and  trace s of sphe ne  in a sphe rulitic to
cryptocrystalline  m atrix (Cham be rlin, 2001b). Coarse  sanid ine
phe nocrysts are  6-9mm long, d istinctly large r than in the
und e rlying cald e ra-facie s H e lls M e sa T uff (~3-5mm long).
N arrow north-tre nd ing e xposure s e ast of Espe ranza m ine
re pre se nt the  faulte d  cre st of a lava d om e  about 200-300 m high;
ove r 300m of e arly Luis Lope z strata (T zs1, T zb, T zt1 and  T za2)
are  m issing on the  the  appare nt cre st of the  lava d om e  (S he e t 2,
se ction G-G'). Probably e rupte d  from an inne r ring-fracture  zone
as e xpre ss e d  by a local N E-tre nd ing jog in the  ove rall north-
tre nd ing Espe ranza fault (Cham be rlin, 2001a). A single -crystal
lase r-fusion sanid ine  40Ar/39Ar age  of 31.89 ± 0.16 M a (T able  1,
no. 24) ind icate s the  sm all lava d om e  is e quivale nt in age  to the
und e rlying cald e ra-facie s H e ll M e sa T uff. M aximum thickne ss is

09-01-03-00-00–U nit–T rt–Dom e -d e rive d  tuffs–Light gray, poorly
to d e nse ly we ld e d , crud e ly be d d e d , phe nocryst-rich, quartz rich,
rhyolite  ash-flow tuffs (~ 72% S iO 2). De nse ly we ld e d  basal tuff
bre ccias about 0.7 km northwe st of the  lava d om e  contain large
subangular blocks of re d d ish gray flow-band e d  crystal-rich lava
te xturally e quivale nt to the  lava d om e . Comagmatic lithics
fragm e nts progre ssive ly d e cre ase  in size  northward  along the
narrow outcrop be lts, from gre ate r than 1m at 0.7 km from the
source  lava d om e  to le ss than 10 cm at about 2 km from the
d om e  (Cham be rlin, 2001b). Large  compositionally zone d
sanid ine  phe nocrysts are  also characte ristic. Large  blocks of
sanid ine  granite  (0.3-1 m) are  are  cluste re d  ne ar the  base  of the
tuff unit about 1.2km north of the  d om e ; the y re pre se nt ballistic
blocks of contact m e tam ophose d  Prote rozoic granite  pre sum ably
d e rive d  from the  walls of the  H e lls M e sa pluton at d e pth
(Cham be rlin, 2001a). Conformably ove rlie s about 30m of uppe r
cald e ra-facie s H e lls M e sa T uff (T hu). A 7m thick nonwe ld e d
zone , pre se rve d  at the  top of the  uppe r H e lls M e sa, and
significantly gre ate r crystal size  of the  d om e -d e rive d  tuffs
ind icate s a m od e rate  hiatus (~104 yrs) be twe e n uppe r H e lls M e sa
e ruptions and  e ruption of the  d om e -d e rive d  tuffs (Cham be rlin,
2001b). T uff unit thins northward  from maximum thickne ss of
120m to about 60m at the  R e d  Canyon fault, whe re  it is abruptly

09-02-02-00-00–U nit–T huf–Cald e ra-facie s H e lls M e sa T uff, uppe r
m e m be r, be d d e d  zone –M ostly d e nse ly we ld e d , pale  re d , crystal-
rich ignim brite s with many thin tongue s (15-20) of com agm atic-
lithic lag bre ccias that are  comm only cappe d  by thin, fine -
graine d  ash-fall be d s. Distinctly be d d e d  appe arance  is mostly
d e rive d  from re sistant le d ge s of thin (2-30cm thick) d e nse ly
we ld e d  (or fuse d ), upward  fining, ash-fall d e posits. Comagmatic
lag bre ccias contain angular to mod e rate ly flatte ne d  clasts of
re d d ish brown, sphe rulitic, phe nocryst-rich rhyolite  (~72 % S iO 2)
compositionally sim ilar to the  surround ing pale  re d  crystal-rich
tuff matrix. Lag bre ccias are  coarse r and  fine -graine d  fall be d s
are  more  common ne ar the  top of the  be d d e d  zone . Distribution
patte rns of maximum clast size s (10-75cm) sugge st the  pre se nce
of a conce ale d  ve nt are a about 3-4 km ESE of the  Bursum m ine
(Cham be rlin 2001b). Explosive  origin of com agm atic lag bre ccia
is d e m onstrate d  by fragm e nte d  sphe rulite s in the  ignim brite
m atrix and  m icrofaults (mm scale  offse ts) in large r quartz or
fe ld spar phe nocrysts within the  sphe rulitic clasts (Cham be rlin,
2001a). Conformably ove rlie s a 10m-thick poorly we ld e d  zone  at
the  top of the  m assive  zone  of uppe r H e lls M e sa T uff (T hu).
S anid ine  from uppe r be d d e d  zone  at Black Canyon box yie ld s a
40Ar/39Ar age  of 31.94 ± 0.17 M a (T able  1, no. 25). M aximum
thickne ss is 200 m, abse nt outsid e  the  S ocorro cald e ra and  in

09-02-03-00-00–U nit–T hu–Cald e ra-facie s H e lls M e sa T uff, uppe r
m e m be r, massive  zone –Pale  re d , mostly d e nse ly we ld e d , crystal-
rich rhyolite  ignim brite  with sparse  to rare  com agmatic lag
bre ccias that contain sm all pum ice -like  clots and  angular clasts
of d ark re d  sphe rulitic rhyolite  and  2 or 3 fine -graine d  ash-fall
be d s. O ccurs ne ar Bursum m ine  and  ne ar the  Espe ranza m ine .
Grad ational basal contact is m arke d  by upward  d issape arance  of
rare  sm all and e sitic xe noliths at the  top of the  d e nse ly we ld e d ,
lowe r xe nolith-poor H e lls M e sa T uff (T hx) and  appe arance  of
rare  sm all clasts of re d  sphe rulitic rhyolite  in the  d e nse ly we ld e d
m assive  zone  (T hu). Both type s of clasts can be  pre se nt in the
sam e  rock sam ple  ne ar the  grad ational contact. S ubtle  contact
zone  is locally we ll e xpose d  along the  road  to the  Bursum m ine .
A 20 cm thick ash-fall be d , about 10m above  the  basal contact, is
we ll e xpose d  in a ravine  about 100m south of the  road . A 7-10m
thick poorly we ld e d  to non-we ld e d  zone  occurs at the  top of the
m assive  zone . M assive  zone  is about 200m thick in are a e ast of
the  Bursum m ine ; it is ove r 100m thick south of the  Espe ranza
m ine  and  about 30m thick north of the  Espe ranza m ine
(Cham be rlin 2001b). T hickne ss variations ne ar the  Espe ranza
m ine  sugge st at le ast 70m of local uplift prior to e m placm e nt of

09-02-04-00-00–U nit–T hx–Cald e ra-facie s H e lls M e sa T uff, lowe r
m e m be r, xe nolith-poor zone –jointe d , phe nocryst-rich rhyolite
ignim brite . T ypically contains sparse  to rare  sm all xe noliths of
m e d ium gray and e sitic porphyry. Grad e s d ownward  into lithic-
rich m e sobre ccia zone  (T hm), basal contact approxim ate ly
locate d . M aximum thickne ss south of Black Canyon is 550 m,

09-02-05-00-00–U nit–T hm–Cald e ra-facie s H e lls M e sa T uff, lowe r
m e m be r, xe nolith-rich m e sobre ccia zone –M ostly xe nolith-rich
(5–50%), re d d ish orange  to re d d ish brown to grayish re d ,
d e nse ly we ld e d , phe nocryst-rich, rhyolite  ignim brite
m e sobre ccia. Angular to subround e d  accid e ntal lithic fragm e nts,
mostly 1–50 cm across, consist m ostly of d ark gray to purplish-
gray DatilGroup-type  and e site  porphyry (containing m e d ium-
graine d  plagioclase  phe nocrysts) with and  crystal-poor rhyolite
blocks; also with m inor amounts of granite  and  schist of
Pre cam brian affinity, plus rare  lim e stone s and  sand stone s of
Pale ozoic affinity. M e sobre ccias in lowe r cald e ra-facie s tuff are
intim ate ly inte rle ave d  with large  coignim brite  land slid e  blocks
of and e site  and  ad jace nt zone s of ve ry lithic-rich ignim brite
m e gabre ccia (T hb). T hm is inte rpre te d  as a re litive ly fine r
graine d  m e sobre ccia facie s late rally e quivale nt to more  proxim al
cald e ra-collapse  m e gabre ccias (T hb) appare ntly d e rive d  from the
southe rn wall of the  S ocorro cald e ra (Eggle ston, 1982). As
m appe d , T hm includ e s a 100 m thick, xe nolith-poor zone  in its
lowe r part, south of the  T orre s m ine . M aximum e stim ate d
thickne ss of T hm plus T hb in are a south of R e d  Canyon is 2400

09-02-06-00-00–U nit–T hb–Cald e ra-facie s H e lls M e sa T uff, lowe r
m e m be r, xe nolith-rich m e gabre ccia zone –Cald e ra-collapse
m e gabre ccia slabs and  ve ry xe nolith-rich m e sobre ccias within
d e nse ly we ld e d  to partially we ld e d  phe nocryst-rich rhyolite
ignim brite . Dom inate d  by large  slabs of Datil Group-type
and e site  porphyry as much as 1 km long and  100 m thick. R are
"d ike le ts" of quartz-rich H e lls M e sa ignim brite  inje cte d  into
fracture s in the  and e site  slabs locally he lp d istinguish the m from
Datil Group and e site s (Eoce ne ) that could  re pre se nt cald e ra floor
rocks. A large  cohe re nt block of S pe ars-type  conglom e rate , as
much as 120 m thick, is also pre se nt about 1 km north of O lne y
R anch (aka. N ogal R anch). T hb includ e s ve ry lithic-rich and
blocky m e sobre ccias (>50% clasts) that contain abund ant large
blocks of and e site , rhyolite , granite , schist and  lim e stone
typically 0.5 to 3 m across. T he s e  two major lithologie s probably
re pre se nt large  land slid e  blocks and  rock-avalanche  d e posits,
re spe ctive ly. W e d ge s of T hb thicke n to the  south, ind icating that
the y we re  most like ly d e rive d  by slumping of the  south wall of
the  S ocorro cald e ra, d uring e arly stage s of e ruption of the  H e lls
M e sa T uff (Eggle ston, 1982). Combine d  m aximum thickne ss of

09-02-07-00-00–U nit–T hw–Cald e ra-facie s H e lls M e sa T uff, lowe r
m e m be r, xe nolith-be aring cald e ra-wall facie s–De nse ly to poorly
we ld e d , light-gray to pale  re d , locally xe nolith-rich to xe nolith-
poor, phe nocryst-rich, quartz-rich, rhyolite  ignim brite . Locally
contains abund ant and e site  and  granitic xe noliths; S pe ars-type
conglom e ratic m e gabre ccia slabs locally occur at the  base . Also
contains xe nocrysts of m icrocline  d e rive d  from Pre cam brian
rocks. Lowe r half is strongly ble ache d  and  "argillize d " (milky
sanid ine s) in are a ne ar Chupad e ra S pring. Slightly alte re d ,
xe nolith-poor, phe nocryst-rich ignim brite  from top of xe nolith-
be aring facie s yie ld s a single -crystal lase r-fusion 40Ar/39Ar
sanid ine  age  of 31.85 ± 0.17 M a (T able  1, no. 26), the re by
confirm ing corre lation with the  H e lls M e sa T uff. U nconform ably
ove rlie s Prote rozoic schists and  granite s. Inte rpre te d  as m e d ial
H e lls M e sa T uff (late rally e quivale nt to T hm & T hx) filling a
shallow e m baym e nt in the  southe rn topographic wall of the
S ocorro cald e ra. Pre viously assigne d  to lowe r Luis Lope z
F orm ation ("T zt1" of Eggle ston, 1982; and  "T zt1" of O sburn and
Chapin, 1983b). M aximum thickne ss ne ar Chupad e ra S pring is
270 m. About 1 km south of the  quad rangle , T hw we d ge s out
against Pre cam brian rocks that locally d e fine  the  inne r

10-01-00-00-00–U nit–X p–Porphyritic schists–Light to m e d ium
gray, quartz-fe ld spar porphyritic schist and  porphyry. Includ e s

10-02-00-00-00–U nit–X f–F e ld spathic schists–R e d d ish orange
quartzo-fe ld spathic schists, locally grad e s into m inor pe litic
schists (Ke nt, 1982). F oliate d  granite , also in this base m e nt block,

10-03-00-00-00–U nit–Xu–M e tam orphic base m e nt rocks

11-01-00-00-00–U nit–T im–M afic d ike s–M e d ium gray to purplish
gray, aphanitic to phe nocryst-poor, m afic to inte rm e d iate  d ike s
about 3–10 m wid e . Locally cuts uppe r rhyolite  m e m be r of Luis
Lope z F orm ation (T zbr1) in are a southe ast of Espe ranza M ine .
Also includ e s a sm all, grayish re d , and e site  porphyry d ike  in
large  rhyolite  plug (T irz) south of Black Canyon. Aphanitic d ike
ne ar Espe ranza M ine  is te xturally unlike  d iabasic flows in
Popotosa F orm ation and  is probably not re late d  to the  M ioce ne

11-02-00-00-00–U nit–T irs–Coarse ly porphyritic rhyolite  d ike s
and  plug-like  intrusion–Light pinkish gray, mod e rate ly
phe nocryst rich (15–20%) coarse ly porphyritic rhyolite . Contains
large  phe nocrysts (3–7 mm) of sanid ine , with sm alle r
plagioclase , quartz and  biotite . Cuts lowe r cald e ra-facie s H e lls
M e sa T uff in are a ne ar R e d  Canyon. Large r e xposure s at we st
m outh of R e d  Canyon m ay re pre se nt top of cupola or sm all
stock. Plagioclase  is locally alte re d  to m e tasom atic clays ad jace nt
to the  Chupad e ra fault. M ain part of d ike  is unalte re d  whe re  it
cuts across the  "re d  alte ration zone " of Eggle ston e t.al, 1983.
40Ar/39Ar age  of 10.99 ± 0.06 M a (T able  1, no. 29 ) agre e s we ll
with publishe d  K-Ar age  of 11.6 ± 0.6 M a (W illard , 1971). T his
40Ar/39Ar age  is slightly younge r than the  lowe r rhyolite  flow of
the  Pound  R anch m e m be r of the  S ocorro Pe ak R hyolite  of
O sburn and  Chapin (1983b) d ate d  at 11.31 ± 0.08 M a (N e we ll,

11-03-00-00-00–U nit–T irx–M od e rate ly phe nocryst-rich rhyolite
d ike –Pale  re d , mod e rate ly phe nocryst rich (15–20%), massive
rhyolite  d ike  (~3 m wid e ) in northe ast-striking te nsion fracture
north of Black Canyon (part of composite  d ike  ad jace nt to T iaz).
Contains m e d ium to coarse -graine d  phe nocrysts of sanid ine ,
quartz, argillize d  plagioclase  and  biotite . 40Ar/39Ar age  of 28.33
± 0.15 M a from sanid ine  (T able  1, no. 28) ind icate s intrusion was
coe val with silicic volcanism that backfille d  the  S awm ill Canyon
cald e ra (S awm ill Canyon F orm ation of O sburn and  Chapin,
1983b), about 14 km we st of Black Canyon. M od e rate ly
porphyrititic d ike  is ge oche m ically d istinct (62 ppm Y, 35 ppm
N b) from the  phe nocryst-poor rhyolite  d ike s of the  Black Canyon
fault zone  (T irz; 16ppm Y, 17 ppm N b; Cham be rlin e t.al, in

11-04-00-00-00–U nit–T irz–Phe nocryst-poor rhyolite  d ike s and
plugs–Light gray to light purplish gray, phe nocryst poor, flow
band e d  to m assive , e ast-northe ast striking high-silica rhyolite
d ike s (76 % S iO 2) and  sm all to large  plugs in are a south of Black
Canyon. W id th of d ike s range s from 5 to 60 m. R hyolite  plugs
ne ar T orre s M ine  and  Black Canyon are  300 to 600 m across and
locally m e rge  with northe ast tre nd ing d ike s. Plug at T orre s m ine
includ e s a m inor purplish gray mafic-rhyolite  phase  (69 % S iO 2
& 55 ppm Cr) along its e aste rn margin. Dike s and  plugs typically
contain sparse  (3–8%) fine  graine d  (1–3 mm) phe nocrysts of
plagioclase , sanid ine , quartz and  biotite . Plagioclase  is
commonly alte re d  to white  clay and  ge ne rally we athe rs out
le aving tabular hole s in rock face . M ine ralogy, phe nocryst size ,
phe nocryst abund ance  and  trace  e le m e nt che m istry are  sim ilar
to uppe r rhyolite  m e m be r of Luis Lope z F orm ation (T zc;
Cham be rlin e t.al., in pre ss) 40Ar/39Ar age  of sanid ine  in d ike  at
e aste rn range  front (se c. 8, T 1S, R 4W ) is 28.53 ± 0.14 M a (T able  1,
no. 27), which is analytically e quivale nt to the  uppe r Luis Lope z
rhyolite s and  La Je ncia T uff, but the  latte r is che m ically unlike
the  phe nocryst-poor like s (Cham be rlin e t.al, in pre ss). Equivale nt
age s and  lithologie s sugge st that the s e  d ike s m ay have  fe d  T zc
flows. Corre lation of sim ilar phe nocryst-poor rhyolite  intrusions
within T hm ne ar M ad e ra Canyon (SE¼ se c. 36, T 4S, R 2W ) with

11-05-00-00-00–U nit–T iaz–And e site  d ike s–Dark gray to purplish
gray, mod e rate ly porphyritic, northe ast striking, and e sitic d ike s
(5–20 m wid e ) cutting H e lls M e sa T uff and  lowe r Luis Lope z
m e m be rs in are a north of Black Canyon. T he s e  potassium
m e tsom atize d  d ike s contain sparse  phe nocrysts of plagioclase
alte re d  to white  clay and  pyroxe ne  alte re d  to F e  oxid e . Dike
approxim ate ly 2 km northe ast of T owe r M ine  appe ars to fe e d
T za3 flow. Dike  3 km e ast-northe ast of T owe r M ine  appe ars to


