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AESTRACT 

The Fagdalena  Fountains  of west-central Kew Yexico are a 

north-trending  block-faulted  mountain  range  situated  within  the  Rio 

Grande graben  of  the  Rasin and Range physiographic  province.  Mapphg 

i n  t h e  c e n t r a l  Kagdalena l.!ountains was undert,aken t o  determine  the 

geology  and  tectonic  history of the  range. 

The o ldes t  strata exposed i n   t h e   c e n t r a l  Magdalena  Nountains 

are   Precambrian  argi l l i te   and  grani te ,  which are unconformably overlain 

by upper  Paleozoic  sedimentary  rocks.  Eesozoic strata were deposited 

but,were  subsequently  eroded.  Uplift  during  the  Laramide  orogeny was 

followed by extensive  erosion and 1evelir.g  during  the  Eocene Epoch. 

Volcanism  began  du-ring the  Oligocene 1:;poch w i t h  t h e  deposit ion  of 

volcanoclastic  sediments,  lava  flows,  and  ash  flows  of  the Datil Group. 

I4ovement along a E. 80 \.!.-trending, steeply  dipping fault zone i n  Early 

Oligocene time r e s u l t e d   i n   u p l i f t  of t h e  northern  portion of the  Mag- 

dal.ena  Nountains  and  caused 2.5 miles  of  str ike s l i p  displacement  of 

.. , .. 

0 

the  strata. The  emplacement  of ash f low  sepa ra t ed   by   ca lde ra  f i l l  de- 

posits  followed  the  formation of the  h'. 80' W.-trending fau l t  zone. The 

source areas f o r   t h e  Eells Mesa Formation  ash  flow  and  possibly  the 

Sawmill Canyon formation  ash  flow are at the  southern limit of t h e  study 

area. The Timber Peak rhyolite  ash  flow i s  t h e  youngest  volcanic  unit 

and i t s  source  area  l ies  in  the  northern  San  Kateo  Mountains,   southwest 

of   the Nagdalena  Kountains. 
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Following  the emplacement of t h e   l i a t i l  Group, the  Eagdalena 

area was fau l ted  and t i l t ed   a long  a north-northwest-trending  zone which 

loca l ized   the  emplacement o f  dikes  and stocks  dated a t  28 t o  30.5 m.y. 

The Late  Oligocene Eorth-northwest-trending s t ructures   a lso  served as 

the  condui t   for   the  hydrothema1  solut ions which formed l ines tone  Ye- 

placement   deposi ts   adjacent   to   the  faul t  zones. The ances t r a l  !.!agdaien.a 

Mountains were a topographic h igh  during  the Miocene Spoch,  and  suppli3d 

detr i tus   to   the  adjacent   lowlands.  Ey Late Miocene t ime  the Kagdalena 

area was nearly  corcpletely  buried by i t s  own debris.   Elock  fault ing 

began  during  Late  Hiocene  time  and  resulted i n  5000 feet  o f  s t r u c t u r a l  

r e l i e f  between the  Fagdalena  Eiountains and t h e  surrounding  basins. 

Zinc-lead  mineralization i n  the  basal  E!ississippian  limestone i s  . .. . '  

genet ica l ly  and spat ia l ly   re la ted  to   the  Oligocene  s tocks.  Fyrometa- 

somatic  replacement  and  mineralizatj.on i n  the  Linchburg  and  North t a l d y  

Peak'mines  along  Late Oligocene,,north-northwest-trending s t ruc tu res  

may be   re la ted  t o  a known buried  stock  underlying t h e  area.  Both  miner- 

a l i z a t i o n  and al terat ion  progressively  decrease  to  the south  of  the 

Linchburg-biorth  Baldy Peak area.  The spa t i a l   a s soc ia t ion  of dike  rocks,  

pa r t i cu la r ly the   wh i t e   rhyo l i t e   d ikes ,   t o  exposed s tacks  suggests   the 

presence  of a buried  stock  underlying a portion of Kor th  Fork Canyon 

where sills, dikes ,  and plugs  are  very common. The potent ia l   mineral i -  

za t ion   e i ther  i n  the  stocks,  o r  i n  the  wall  rock  surrounding t h c  stocks,  

makes t h e  Linchburg-l,!orth Ealdy Peak and  Korth Fork Canyon areas  favor- 

able   for   buried  ore   deposi ts .  
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INTRODUCTION 

Although the  geology of the  Magdalena mining district is gener- 

ally  well  understood  (Loughlin and Koschmann, 1942). l i t t l e  i s  known 

about  the  geology and tectonic  developnent of the Nagdalena 3ountains  

thenselves. The lack of geologic  information  regarding  the  mountain 

mass i n t o  which the  ore   deposi ts  have  been emplaced leaves many problems 

unsolved.  These  include 1) def in i t i on  of the  Paleozoic  stratigraphy, 

2) s tudying  the  Tert iary  Dat i l   volcanics  and locating  the  source areas 

for t h e  ash  flows, 3) determining  guidelines  for  mineral  exploration 

and  evaluating  the  mineral   potential  of the  area'  south of t h e  Magdalena 

mining district ,   including  the  location  of  possible  base-metal-associated 

stocks, and 4)  in te rpre t ing   the   t ec tonic   h i s tory  of t h e  Magdalena 

Xountains and e s t ab l i sh ing   t he i r   r e l a t ionsh ip   t o   t he   R io  Grcande graben 

and the  Basin  and Range physiographic  province. 

Strat igraphy,   s t ructure ,  and magmatic i n t r u s i o n   i n  t h e  c e n t r a l  

3agdalena  Xountains were studied  to  determine the geologic  history  and 

tectonic  development  of the  range. The central  area  provides  exposures 

of the s t ra t igraphic  sequence  from the  Precambrian t o   t h e  Holocene, Ex- 

tensions of s t ruc ture  from t h e  Nagdalena  mining d i s t r i c t  have  been  stud- 

ied ,   the  results of which have  been u t i l i zed   to   ou t l ine   the   geologic  

h i s t o r y  of t h e  Xagdalena  Xountains. KLthough less concentrated  than 

t h a t  of the  Gagdalena mining d i s t r i c t   a t   t he   p re sen t   su r f ace ,   t he   mine r -  

a l i z a t i o n   i n   t h e   c e n t r a l   p a r t  of the  mountains reveals  many  of the  same 

cont ro ls  and a l t e r a t ion .  

1 
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Location - and Access ib i l i t x  

The >!agdalena I4ountains a re   loca ted   in   Socorro  County, New 

Mexico, approximately 17 miles  vest  of  Socorro  (Fig. 1). The area  s tud-  

ied i s  the  central   por t ion  of   the Nagdalena 1,:ountains extending 6 miles, 

north-south from % mile  north of North Baldy Peak' t o  approximately 1% 

miles south of South  Baldy Peak and 5 miles  east-west,  thus  covering 30 

square miles (Figs. 2 and 3). The centralllagdalena  Mountains are a l s o  

r e fe r r ed   t o   a s   t he   I<a te r  Canyon a rea   a f t e r   t he  major  northeast-trending 

drainage  that   t ransects   the  area.  The  mapped a rea   s l i gh t ly   ove r l aps   t he  

southeastern  corner of t h e  Hagdalena  mining d i s t r i c t ,  which is a l s o  

cal led  the  Kel ly  mining d i s t r i c t .  The a r e a   l i e s   w i t h i n   t h e  Magdalena 

15-minute topographic  quadrangle, and the Molino  Peak and South Ealdy 

7&ninute topographic  quadrangles. 
, 

Access to   t he   a r ea  i s  by the Water Canyon road  turnoff from U.S. 

Highway 60 (Fig. 3).  Sta r t ing  a t  the campgrounds i n  !:Tater Canyon, t h e  

road is unpaved and  climbs  approximately 9 mi l e s   t o   t he   c r e s t   o f  t h e  

Nagdalena  I4ountains on which is s i tua ted  Langmuir Laboratory.  Jeep 

trails offer   access   up North  Fork  and Copper Canyons. North  Baldy  Peak 

is also  accessible  by  four-wheel  drive  vehicles  along  the  crest   road, 

which s t a r t s  a t  the  abandoned  mining town of Kelly. ' 

Topographx - and Drainage 

Physiography of the   cen t ra l  Magdalena Mountains is charac te r ized  

by steep  slopes and prec ip i tous   re l ie f .  h narrow,  6-mile-long  north- 

t rending   c res ta l   r idge   t ransec ts   the   a rea .  North  Baldy  Peak, a t  9858 

f e e t ,  and South Baldy  Peak, t h e  highest  peak i n  t h e  Eagdalena  Flountains, 

at  10,783 feet ,   are   located  a long t h i s  c r e s t a l   r i dge .   S t eep  slopes of 
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almost 2000 f e e t   p e r   m i h e x t e n d   t o   t h e . w e s t   o f   t h i s   c r e s t a l   r i d g e ,  

whereas  gentler  slopes of less than 1000 feet   per  mile  extend t o  the  

east. The lowest   e levat ion  in  t h e  region mapped, 6458 f e e t ,  is i n   t h e  

northeast   corner of t he   a r ea  a t  the  mouth of Water Canyon. 

The area  studied  contains numerous steep-sided  canyons.  Water 

Canyon is the  major  drainage in   the   a rea ,   wi th  North Fork Canyon, Copper 

Canyon  and Ealdy Canyon serving  as  i t s  t r ibu tar ies   (F ig .  3) .  Other 

major  drainages  include  South Canyon, Sixmile Canyon, Ryan H i l l  Canyon, 

Sawmill Canyon, Mill Canyon, Hop Canyon and Patterson Canyon. No per- 

manent  streams  exist i n  the  area.  Runoff i s  mainly during the ra iny  

months of July,  August  and  September. 

. Purpose and Scope -. 
A detailed  study of t he   cen t r a l  Magdalena Mountains w a s  under- 

taken  for  the  following  reasons: 

The s t ra t igraphic   sec t ion   present   in  t h e  Itagdalena  PIountains i s  

well exposed i n  t h e  cent ra l   por t ion  of the  range. As t he   s t r a t ig raph ic  

and  s t ructural   re la t ionships   are  more c l ea r ly   d i sce rnab le   i n  t h e  c e n t r a l  

area  than  in  the  Fagdalena mining d i s t r i c t ,  an   accura te   in te rpre ta t ion  

of the   s t ra t igraphic  and s t ruc tu ra l   geo low of the  range  can be made. 

A study of the Datil Group  exposed in   the   s tudy   a rea  would aid i n   t h e  

understanding of the  volcano-tectonic  history  of  the  Datil4iogollon  vol-  

can ic   f ie ld .  

The Xagdalena  mining d i s t r i c t ,   l oca t ed  i n  the  northwest   port ion 

of t h e  range, was a major  producer of lead,  zinc,  and  copper. The possi- 

b i l i t y  of buried  stocks i n  the  southern  portion of t h e  d i s t r i c t  as 
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postulated by  Loughlin  and Koschmann (1942) and Titley (1958),  and t h e  

southward  extension  of  the main ore zone can  be  assessed from t h e  

r e s u l t s  of work i n   t h e   c e n t r a l  Magdalena Mountains. 

The Magdalena itountains  are  located  near  the  juncture of t h e  

Colorado  Plateau  Frovince,  the  Easin and Range Province,  and  the Rio 

Grande  graben. The addi t ion of f i e l d   d a t a  from t h e   c e n t r a l  Magdalena 

Nountains would al low  the  interpretat ion of s t ra t igraphic ,   s t ruc tura l ,  

and temporal  relationships between these  provinces, and assist i n  t h e  

placement of the  range  into  a  particular  physiographic  province. 

Nethod - of 1nvesti.ration 

Eleven months  of f i e l d  work during  the  spring  and summer months 

o f  1970, 1971, and 1972 were spent i n  t h e  Kagdalena  biountains. Recon- 

naissance mapping was done i n  t h e  northern and southern  Hagdalena 

Nountains,  detailed mapping was confined t o   t h e   c e n t r a l   p o r t i o n  o f  t h e  

range. The geologic map of the  present  study  overlaps w i t h  t h e  south- 

eastern  corn-?r of the  Xagdalena  mining d i s t r i c t ,   a s  mapped by Loughlin 

and Koschmann (1942)  and  extends  southward i n t o   t h e   c e n t r a l   p o r t i o n  of 

the  range  (Fig. 3 ) .  Aerial  photographs,  enlarged t o  a sca l e  of approx- 

imately 500 f e e t   t o   t h e   i n c h ,  were  used as a base f o r  p l o t t i n g   t h e   f i e l d  

data, The r e s u l t s  have  been t r ans fe r r ed   t o  a 1" = 2,000' composite 

map consisting of portions  of  the  Pagdalena 15-minute quadrangle,  and 

the  1-lolino Peak and South  Ealdy Peak '&minute quadrangles  (Fig. 4, i n  

pocket) e 



e 
8 

Previous work __ 

The ear ly   l i t e ra ture   descr ib ing   the  Hagdalena  Flountains was 

primarily  concerned  with  the  mineralization i n  t h e  Ragdalena  mining d i s -  

t r ict  and d e a l t   l i t t l e  w i t h  the geology o r  tectonic  development  of  the 

range.  Early  workers such as Jones  (1904) and  Gordon (Lindgren,  Graton, 

and Gordon, l9lO),  provided a brief  account of the  general   geology 'of  t h e  

Ilagdalena mining d i s t r i c t  and noted  the  occurrences  and  characterist ics 

of ore  deposits,  Lindgren,  and  others,  (1910, p. 258) r e f e r r e d   t o  

the  central   por t ion  of   the Plagdalena Range a s   t he   S i lve r  Mountain o r  

the  Water Canyon d i s t r i c t  and discussed  the.mining  activity i n  the  area.  

. -  

Wells (191.8, p. 69-75), i n   h i s   d e s c r i p t i o n  of t h e  manganese de- 

p o s i t s  i n  the  Tilater Canyon dis t r ic t ,   descr ibed  the  geology  of  t h e  cen- 

t r a l  Kagdalena  Xour.tains. ' Lasky's  (1932, p. 33-91) study  of t h e  mineral  

deposi ts  i n  t h e  Hagdalena  mining d i s t r i c t   a l so   i nc luded  a general  dis- 

cussion.of  the  geology of b.!ater Canyon and Hop Canyon. I n  both   repor t s  

only a cursory  descr ipt ion of the  s t ra t igraphy alid structure was given. 

. . ,. 

Loughlin and Koschmann's (1942)  description of t h e  geology  and 

ore   deposi ts  o f  the  iiagdalena mining d i s t r i c t  i s  one of the  major con- 

t r i bu t ions   t o   t he  geology  of  the Kagdalena  I4ountains.  They  Considered 

the  range  to  be  within a southeast.  extensior. of the  Easin  and Range 

physiographic  province.  Loughlin and Koschmann (1942) admi t t ed   t h i s  

placement was based on meager data  covering a small portion of the 

Kagdalena  Fountains  and  considered  any  conclusions  tentative  until a 

much larger  area  has  been  investigated.  

Two addi t ional   s tudies  of the  central   Fagdalena  Eountains have 

been made. A poption of the 1Vater.Canyon area was s tudied by Kalish 

. 



9 ! (1953); and t h e  geology around Langmuir Labpratory was described by 

Stacy  (1968).  Eecause of errors   in   descr ibing  the  volcanic   s t ra t igraphy.  

in   the i r   respec t ive   a rcas ; they   d id   no t   cont r ibu te   to  t h e  understanding 

of the  regional  volcanic  stratigraphy  or  tectonic development of the  . .  
range. 

! 
~ 

Brown (1972) presented  data on the  volcanic  stratigraphy and 

tec tonics  of the  southern  Bear  llountains,  located  north of the 

Kagdalenas  (Fig. 2). He redefined and  expanded the  Datil Group a s  de- 

scribed by  Tonking (1957). Brown (1972)  suggested t h a t  the  southern 

Eear Mountains a r e  a Hasin and Range feature  developed as a response t o  

the opening of the  Rio Grande rift. 

A study of the  San  Nateo  Kountains  southwest of the Magdalena .. 

Nountains by  Deal and Rhodes ( in   p ress )  will a i d   i n   t h e   c o r r e l a t i o n  of 

similar volcanic   uni ts  between the two ranges. The San Mateo  Mountains 

c o n s i s t   e s s e n t i a l l y  of mid-Tertiary  volcanic  rocks,  ranging i n  composi- 

t i o n  from andes i t e   t o   rhyo l i t e .  I n  the  I 4 t .  Ffithington  area of the  

northern San  Mateo Kountains,  Deal  and Rhodes ( in   press)   descr ibe a c:tul- 

dron 30-40 km. i n  diameter which they  consider  to  be  the  source area f o r  

t h e  A.  L. Peak Formation and the  Potato Canyon Formation.  These  forma- 

t i o n s   a r e   l i t h o l o g i c a l l y  and s t r a t ig raph ica l ly   s imi l a r   t o  u n i t s  present 

i n   t h e  Magdalena 14ountains.  lieal and Rhodes ( in   press)   descr ibe  the  San 

Mateo Kountains a s  an  eastward  dipping  block which was t i l t e d   d u r i n g  

post-volcanic  tectonism  related  to  the  opening of the Rio Grande rift, 

A compilation  report on t h e   f i e l d  work cu r ren t ly   i n   p rog res s   i n  

t h e  Magdalena-Tres Kontosa  area  (Chapin, and others ,   in   preparat ion)  will 

add p e a t l y   t o  t h e  l e v e l  of understanding of the  regional  geology  of the 
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area as wel l  as i t s  mineral   potential .   'Furthermore,   contributions t o  t.he 

regional  geology of the  Datil-Fogollon  volcanic  province  (Fig. 1) 'by 

Els ton  (19721 Llston, Rilcerman, and Uamon (1968). and  Elston, Coney, 

and  Rhodes (1970) will add t o  the  understandhe of the  Tertiary vol.cano- 

tectonic  fraxetrork  of  the  Hogollon  Plateau  area. 
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GEOLCGY 

The s t r a t ig raph ic   un i t s  exposed in   the  central   Hagdalena 

Mountains  can  be  divided  into  four main groups  according t o   t h e   r o c k  

type  and  age. These include  Precambrian  argirLite and grani te ;  Kissis- 

s ippian  to  Permian l imestone,  shale,  and sandstone;  mid-Tertiary vol- 

canic ,   in t rusive,  and sedimentary  rocks;  and  talus,  pediment  gravels, 

and a l luv ia l   depos i t s  of Quaternary  age. A generalized  columnar  section 

of  the  pre-Cenozoic  stratigraphic  sequence i s  presented i n  Figure 5 and 

t h e  Cenozoic s t ra t igraphic  sequence i n   F i g u r e  8. The area has  undergone 

a t  least 5 soparate  periods of fau l t ing  and t i l t ing   s ince   Precambr ian  

time r e s u l t i n g  i n  t h e  formation of unconformities,  fault  blocks,  and 

complex surface  geolou.  

.. 

The bedrock un i t s   c rop   ou t   i n  a semi-domal, configuration  south 

of  the  Frecanbrian  rocks exposed in   the  northeast   por t ion  of   the  s tudy 

area (Fig. 4). Paleozoic and  Cenozoic formations,  dipping  southwest t o  

southeast, become progressively younger south of the  Precambrian expo- 

sures. The ?:iocene  Popotosa  Formation, t h e  youngest Te r t i a ry   un i t ,   c aps  

the  crest between  South  Baldy Peak and Langmuir Laboratory.  Farther t o  

the  north,  i n  the  Magdalena  mining d i s t r i c t ,  Precambrian rocks form t h e  

east   s lope of t h e  range;  sedimentary  rocks,  steeply  dipping t o   t h e  West, 

cover  most  of t h e  west slope; and  Oligocene  volcanic  rocks  form  the 

foo th i l l s .  

,' 
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Dark-red,  f ine-grained sandstone. 

dadero Thick  saquance  of  dark-gray,  f ine-grained, 

200- 1800' b lack ,cher t -bear ing   l imestones   w i th   in te r -  
bedded  quar tz i te   and  shale bed near the base. 

Gray to black  corbonqceous  shale  with  inter- 
bedded   sands tones   and   f oss i l i f e rous  
l imesfane.  

i 

Reddish-brown,fine-grained quartzite  and  sub- 
o rd ina te   in te rbcdded  sha le .  
Gray, c rys ta I I i no ,wh i te   che r t   bea r ing   l ime-  
s tone   l oca l l y   i nc lud ing  a sandslone  at  the base. 

Pink,   coarse-grained  grani te.  

L igh t -p reen,   f ine-gro ined  a rg i l l i te   w i th  
more   sch is tose   zonas   loco l l y .  

0 500 1000 

V e r t i c a l   F e a t  

Figure 5. -Pre-Cenozoic  stratigraphy of t h e   c e n t r a l  Eagdalena 
Mountai.ns. 



Precambrian Rocks __. 

The o ldes t   rocks   i n   t he  mountain  range  are.Precambrian a rg i l -  

l i t e  and grani te .  Although no radiometric age determinations have been 

made on the  rocks, a Precambrian  age may be inferred from a combination 

of  several  lines  of  evidence. T h i s  evidence  includes  the  deposition of 

Mississippian  limestones upon a subhorizontal  granite and a r g i l l i t e   s u r -  

face  suggesting a long  period  of  erosion:  pre-li!ississippian  regional 

metamorphism as evidenced by the  lack of it i n   t h e  post-Devonian 01 Ter- 

t i a ry   rocks :  and according t o  Loughlin and Xoschmann (1942) .   s t ructural  

s i m i l a r i t y   t o  Precambrian  rocks  elsewhere i n  New Vexico, 

The Precambrian terrain  consists  predominately of a r g i l l i t e .  

Precambrian  granite i s  l i m i t e d   t o  a circular   outcrop east of North Baldy 

Peak. According t o  Loughlin and Koschmann (1942, p. 9-11) i n   t h e  

Magdalena mining d i s t r i c t ,   t h e  Precambrian grani te  is more common rela- 

t i v e   t o   t h e   a r g i l l i t e   i n   t h e  Precambrian t e r r a in .  

. .- 

A r g i l l i t e  

Dis t r ibu t ion  and  Occurrence. Argi l l i te   crops  out  i n  t h e  north- - 
ern  port ion of the  study  area,  and i s , b e s t  exposed e a s t  of North Baldy 

Peak,  where Nississippian  l imestone unconformably overlies  Precambrian 

rocks, The a r g i l l i t e  i s  bounded on the  south  by  the N .  80' W.-trending 

North  Fork Canyon f a u l t  zone  and t o   t h e   e a s t  by a N. 35' W. fault, zone. 

The a r g i l l i t e   a l s o   c r o p s   o u t   i n   s e c .  18, T. 3S., R. 'Jd., i n  a highly 

s i l i c i f i ed   ho r s t   b lock   w i th in  a north-northwest-trending fault zones 

Correlat ive  rocks i n  the I.!agdalena  Range have  been called  greenstone 
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s c h i s t  i n  Lindgren, and others (1910, p. %43-244), a r g i l l i t e  and s c h i s t  

by Loughlin and Koschmann (194%. p. 7-8), and greenstone by Kal ish 

(1953, P* 6-8).  

The a r g i l l i t e  i s  the  oldest   rock i n  t h e  area. It is  intruded 

by  the  Becambrian  granite, which contains many inclusions of t h e  a r g i l -  

l i t e .  The in t rus ion  of the  grani te   appears   to  have  had no a l t e r a t i o n  

e f f e c t  on t h e   a r g i l l i t e .  The a rg i l l i t e  general ly   s t r ikes  N.  4.5' E. and 

d ips  40-60° southeast. The contact of t he   a rg i l l i t e   w i th  t h e  overlying 

Mississippian  limestone i s  a prominent  angular  unconformity  that  gener- 

a l ly  s t r ikes   north and d ips  25O t o  35' t o   t h e  west. 

Minor  amounts of mica schist   are  includerl  under the  general  

heading  of a r g i l l i t e .  Loughlin and Koschmann (194.2, p. 8 )  s t a t e   t h a t  

the  rocks become  more sch is tose   in   the   nor th  end  of the  range. The in-  

crease of schis t   to   the   nor th   could   re f lec t   e i ther  a regionalmeta-  

morphic zonation, a lateral s t r a t ig raph ic   f ac i e s  change  of the  rock 

before metamorphism, o r  a difference i n  s t ra t igraphic   o r   s t ruc tura l  

l e v e l s  exposed i n   t h e   n o r t h  and cent ra l .por t ion  of the  range. 

. .  

Litho1op.y. The a r g i l l i t e  i s  t y p i c a l l y   l i g h t  gray-green  and 

weathers t o  a buff o r  gray. It is  f ine  grained and has a distinctive 

s i l i ceous  appearance.  Thin  light-to-dark-green  bands  generally less 

than 1 cm. thick and rarely  over 3 cm. thick  are  common i n   t h e   a r g i l l i t e .  

The argil l i te  weathers  into  small ,   angular  fragments  that   cover con.sid- 

erable  portions of t h e  Precambrian t e r r a in .  

I n   t h i n   s e c t i o n ,  t h e  major  minerals  are  quartz and s e r i c i t e ,  and 

minor amounts of chlorite,   magnetite,  and orthoclase. Subround g r a i n s  

of quartz as l a r g e   a s  2 m, i n  diameter  are imbedded i n  a fine-grained 
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quar t z ,   s e r i c i t e ,  and c h l o r i t e  groundmass. Fine-grained  laminae  curve 

around  the  coarser  quartz  grains, which a re   e longa te   pz ra l l e l   t o   t he  . 

bedding. 

A pebble  conglomerate i n  t h e   a r g i l l i t e  is exposed  from  place t o  

place i n  the  study  area,  and i s  wel l  exposed i n  Korth Fork Chnyon 2ust  

east of the  contact  with  the  Kelly Limestone i n  sec. 22, T. 3S.,.R. 33. 

(Fig. 4). Elongate  pebbles, 1 cm. t o  3 cm. i n  length; are p a r a l l e l  t o  

the  bedding and a r e  cemented i n  a fine-grained  matrix. 

Grani te  

Dis t r ibu t ion  I and Occurrence. In  the  central  Hagdalena  Mountains, 

Precambrian g r a n i t e  crops  out   east  of North  Baldy Peak i n  sec. 17, T. 3.. 

R e  Yri. (Fig. 4) and  covers .a much smaller  .surface area than   the   a rg i l -  

l i t e .  The predominance of t h e   a r g i l l i t e   i n  t h e  study area suggests 

tha t   the   eas t   s lope  of the  range may not   be  ent i re ly  composed of   grani te  

as speculated by Loughlin and Koschmann (1942, p. lo), based on t h e i r  

study i n   t h e  Xagdalena  mining d i s t r i c t ,  and  underscores  the  need f o r  

more mapping in   the   nor theas t   por t ion  of the  range. 

The younger  age of t h e  g r a n i t e   r e l a t i v e   t o   t h e   a r g i l l i t e  i s  

demonstrated  by t h e  in t rus ive   re la t ionship  of the   g ran i te   and   the  numer- 

ous inclusions of a rg i l l i t e   i n   t he   g ran i t e .   Sma l l   d ikes  of g ran i t e   cu t  

t h e   a r g i l l i t e  east of  North Ealdy Peak and are   t runcated a t  t h e   b a s a l  

contact  of the  Kelly  Limestone.  These  dikes  are  generally less than  

10  cm. wide  and commonly pa ra l l e l   t he   a rg i l l i t e   l aye r s .  

Litholoq,. The Precambrian grani te  i s  charac te r ized  by i t s  

pink  color and fine-t2-medium-grained texture.  Microscopic  examination. 
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shows microperthit ic  orthoclase and qua r t z   t o  be the essential   minerals.  

Hicrographic  intergrowth of quartz  and  orthoclase i s  common. The ortho- 

c l a se  i s  subhedral,  fresh,  .and  ranges  as  long as 4 mm. i n  length. 

Oligoclase composes less   than  5 percent of the  rock. Green b i o t i t e  is 

a d i s t inc t ive  mineral. tha t   occurs   as  clusters with  other   minerals ,   in  

ve in le t s ,  and i n t e r s t i t a l   t o   q u a r t z  and feldspar.  Magnetite i s  commonly 

associated  with  the  biot i te .   Apat i te  and zircon  are  minor consti tuents.  

Paleozoic Rocks 

Rocks of Ear ly  and  Middle Paleozoic  age  are  not  present i n   t h e  

centralxagdalena  I tountains.  The first record  of  deposition on the  Pre- 

cambrian  surface i s  the  Kississippian  Kelly Limestone. The Pennsylvanian 

Sandia  Formation and hiadera Limestone and- the  Permian Ab0 Formation 

constitute  the  remainder of the  Paleozoic   sect ion  in   the  central  

Kagdalena  Jlountains. 

Mississippian  Kelly Limestone 

K i s s i s s i p p i a n   s t r a t a   i n   t h e  Magdalenn Mountains l i e  unconfomn- 

ably upon a gently  undulating  surface of truncated  Precambrian  argil l i te 

and granite  (Fig.  6). The Mississippian  limestone i n  c e n t r a l  New Fexico 

i s  considered by Kottlowski  (1965) t o  be a t h i n  remnant  of  the  original 

t o t a l   s e c t i o n  owing to  erosion  during  Late  Mississippian time. 

The Ki s s i s s ipp ian   s ec t ion   i n   t he  Magdalena mining d i s t r i c t  was 

o r i g i n a l l y  named t h e  Graphic-Kelly  Limestone  by  Herrick  (1904) a f t e r   t h e  

two leading mines. Lindgren,  and'others (1910) renamed the  Hississippian 

the  Kelly Limestone a f t e r   t h e  t a m  of Kelly. Armstrong (1958) divided 

the   Kiss i ss ippian  of west-central New !.!exico, including  the Magdalena 



Figure 6. Precambrian a r g i l l i t e  (E) contact  with t h e  Mississippian 
Kelly  Limestone (14) loca ted   eas t  of North Baldy  Peak. 
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Kountains, i n t o   t h e  Cal.osa Formation  of  Early  Osagian  age and the  Kelly 

Limestone  of  Late  Osagian  age on the   bas i s  of the  faunal  assemblage. 

The en t i r e   K i s s i s s ipp ian   s t r a t a  i n  the   cen t ra l  Magdalena Fountains are 

designated  the  Kelly  Limestone  since  the  stratigraphic  section i s  too  

t h i n  t o  be subdivided on the   sca le  of mapping (1" = 2,000')  used i n  

t h i s  study. 

DLstribution - and  Occurrence. The Kelly  Limestone  unconformably 

ove r l i e s   t he  Precambrian  from the   c r e s t  of the  range a t  North  Ealdy Peak 

southward across  the E!orth.E'ork Canyon f a u l t  zone, where it is  displaced 

2.5 miles   t o   t he   ea s t   i n   \ r a t e r  Canyon (Fig. .4), A small  outcrop of th" 

Kelly  Limestone i s  exposed  between the two para l le l   nor th  and sou th   f au l t s  

composing the  t.ransverse North Fork Canyon f a u l t  zone i n  sec.  21, T. ' 

3s.. R. 72.'. approximately $ of a mile  west  of  the E l  Tigre mine.  The 

Kelly  Limestone  crops  out  as  steep  cliffs  along  the  crest  of  the  range 

because  the  uppermost  portion  of  the  limestone i s  s i l i c i f i e d .  I n  t h e  

Water Canyon d i s t r i c t ,   sou th  of t he  K .  80° W.-trending E!ort.h Fork Canyon 

f a u l t  zone, the  Kel ly  Limestone  does  not  crop  out as r e s i s t a n t   r i d g e s  

because  of i t s  lack of s i l i c i f i c a t i o n .  

. . 

The Kelly  Limestone  dips from 20'. t o  45 1/J., and va r i e s  i n  0 

s t r i k e  from  northwest to   nor theas t  owing to   the   fo ld ing  of t h e  s t r a t a  

i n   t h e  t!ater Canyon area. The r e su l t i ng   an t i c l ines  and synclines  give 

the   Kel ly  Limestone a sinuous  outcrop  pattern i n  t he  I.!ater  Canyon d i s -  

t r i c t .  Vhere the   d ip  i s  gent le r ,  o r  the  overlying  rocks  have'teen re- 

moved, the  width  of  the  exposures of the  Kelly Limestone  broadens 

considerably. ?he importance  of  the  Kelly  Limestone  as  the  major  ore- 

bearing  horizon i n  t he  Hagdalena mining d i s t r i c t  i s  ref lected  by t h e  
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numerous prospect   pi ts ,  which outline  the  exposures of t h e  limestone 

i n   t h e  Water.Canyon  area. The southernmost  exposure  of  the  Kelly 

Limestone i s  a t  the  Euckeye mine i n  sec. 27, T. 3.. R. Tv:., (Fig. 4) 

a t  the  junction of Water Canyon and Copper Canyon a t  which place i t ' i s  

truncated by t h e  Water Canyon fault zone  and i s  dropped i n t o  t h e  sub- 

surface on the   eas t   s ide  of the fault. 

L i t h o l o a .  The Kelly Limestone i s  a l ight  bluish-gray, medium- 

to-coarse-grained  crinoidal  limestone.  White t o  gray  chert  bands a r e  ..: 

present,   particularly  towards  the  top of the  formation. The thickness 

varies from 80 t o  100 f e e t ,  which i s  thinner  than  the 130 fee t   th ickness  

reported by  Loughlin and Koschmann (1942) i n   t h e  Magdalena  mining dis- 

trict. Locally, a t  the  base of the  Kel ly  Limestone, a zone, up t o  8 f e e t  

thick,   contains  quartz,   feldspar and arg i l l i t e   f ragments  as long  as  5 cm* 

embedded i n  a fine-grained  calcite  matrix.  T h i s  basa l  zone i s  the  equiv- 

a l e n t  of the  Calosa  Formation as  described by Armstrong  (1963). 

. ). 

Loughlin and Koschmann (1942, p. 14-16)  were able  to  subdivide 

the  Kel ly  Limestone i n t o  a lower and upper  limestone  by  the  "silver  pipe" 

member, a bed  of  fine-grained,  argillaceous  dolomitic  limestone, which 

they  descr ibe  as   the most r e l i a b l e  marker horizon i n   t h e   d i s t r i c t ,  Hou- 

ever,   the  "silver  pipe" member was recognized  only i n  a few p laces   i n   t he  

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

Pennsylvanian Magdalena  Group 

The Pennsylvanian  System is  represented by the  Magdalena Group, 

which was named a f t e r   t h e  Magdalena  Mountains  by Gordon (1907). The 

Kagdalena  Group rests unconformably upon the  Hississippian  Kelly 
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Limestone and cons is t s  of t h e  Sandia  Formation and Kadera  Limestone. 

The to t a l   t h i ckness  of the  Pennsylvanian  section i n   t h e   c e n t r a l  ' 

Kagdalena ?.!oamtains i s  2350 f e e t .  

" 
Sandia  Formation. The Sandia  Formation was or ig ina l ly  named 

by Herrick  (1899) after  the  Sandia  Xountains,   Eernali l la County, New 

Hexico. It i s  composed predominately of shale   with  lesser  amounts of 

limestone and quar tz i te ,  and forms the  lower h a l f  of the Hagdalena 

Group. 

The to t a l   t h i ckness  of the  Sandia  Formation i n   t h e  Water Canyon 

area  i s  550 feet ,  which compares with  the 600 f e e t  measured by Loughlin 

and Koschmann (1942) i n  the Nagdalena  mining d i s t r i c t .  The Sandia 

Formation  appears t o  thicken  very rap5.dI.y northward as evidenced by the  

2300 fee t  of section  reported i n  Lindgren, and others (1910) a t  the 

north end of t h e  ltagdalena  mining d i s t r i c t .  

Loughlin and Koschmann (1942, p. 16-18) subdivided t h e  Sandia 

Formation i n t o  six members which, beginning  with  the  oldest ,   are  desig-- 

nated  lower  quartzite,  lower  limestone,  middle  quartzite,  shale,  upper 

limestone, and u p p r   q u a r t z i t e  members.  However, as noted  by  Loughlin 

and Koschmann (1942),  the members vary  considerably  in  thickness and 

some a r e   l e n t i c u l a r  and local ly   absent .  The' lower  limestone,  middle 

quar tz i te ,  upper  limestone,  and  upper  quartzite members a re   par t icu lary  

noted f o r  the i r   th inness  or  absence i n   p a r t s  of t h e  Nagdalena  mining 

d i s t r i c t .  I n  the   cen t ra l  Magdalena Nountains,  the  division of the 

Sandia  Formation i n t o  six members was not  possible.  Rather,  for mapping 

purposes,  the  formation was divided  into two members, a lower qua r t z i t e  



21 

member containing minor  amounts  of shale and an  upper  shale member con- 

ta in ing  minor  ur,ounts of limestone and quartzi te .  

The Sandia  Formation i s  characterized by t h e  abundance of shale: 

medium-to-coarsely-crystalline  limestone  containing  brachiopods,  bryo- 

zoan, and algae: and the  fine-to-medium-grain,  cross-bedded,  reddish- 

brown quartzi te .  The highly  variable  l i thology of the  Sandia  Formation 

cont ras t s  w i t h  t h e  uniform  fine-grained  limestone  of  the Madera Lime- 

stone s 

- Lower oua r t z i t e  member;  The lower  quartzite member p e r s i s t e n t l y  

overl ies   the  Kel ly  Limestone i n   t h e   c e n t r a l  Hagdalena Range. The  con- 

t a c t  i s  s t ruc tu ra l ly  confonr,able, but does  represent  a  hiatus  from Late 

Mississippian  to  Early  Pennsylvanian time. Thickness of the  lower 

qua r t z i t e  member var ies  from  100 t o  150   fee t .   Charac te r i s t ic   fea tures  

of   the lower qua r t z i t e  member include a fine-to-medium-grain s i z e ,  

. .  

round  quartz  grains,  and  cross-bedding. Reddish-brown, s i l ty  shale. i s  

present   local ly .  Fauna are  lacking,  but  Loughlin  and Koschmann (1942, 

p. 17) describe some Pennsylvanian  plant remains i n   t h e  lover qua r t z i t e  

menber. 

- Shale menber; The shale member, which makes up the   g rea te r   por t ion  

of  the  Sandia  Formation, i s  approximately 400 f e e t   t h i c k   i n   t h e  P!ater 

Canyon area. The shale member includes  the lower  limestone,  middle . 

quar tz i te ,   sha le ,  upper  limestone, and upper qua r t z i t e  members from 

Loughlin and Koschmann's (1942)  study  of t h e  Sandia  Formation i n   t h e  

Magdalena  mining d i s t r i c t .   Sha le  i s  dominant throughout, b u t  i s  l o c a l l y  

interbedded w i t h  limestone and quar tz i te  beds. The contact  between  the 

lower  quartzi te  member and  the  shale member i n  some p laces  i s  gradational,  
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but   the two members a r e  commonly separated by a mott led,   coarsely 

crystal l ine  l imestone,  2 t o  8 f e e t  i n  thickness,  with.abundant Pr0ductu.s 

brachiopods and bryozoans., 

The shale i s  a  dark-gray t o  black f issile rock. It i s  carbona- 

ceous, and contains   several   th in ,   in tarbedded,   lent icular   lpyers  of 

qua r t z i t e  and limestone. The limestoiles  are  bluish-gray, medium-to- 

coarse ly   c rys ta l l ine  and fossiliferous,  containing  brachipods,  bryozoans, 

and  algae, The qua r t z i t e s   a r e  brown t o  gray and f ine  grained.  

Hadera  Limestone. The Nadera  Limestone overlies  the  Sandia 

Formation i n   t h e   c e n t r a l  Hagdalena  Eountains. Gordon (1907)  adopted t h e  

name Madera  Limestone for  the  dark-blue  limestone  conformably  overly- 

ing t h e  shakr  Sandia  Formation i n  Socorro and Eernal i l lo   count ies .  
.. 

The t rue  thickness  of the Madera Limestone i n  the Magdalena 

mining  district .  i s  d i f f i c u l t   t o   e s t i m a t e  because  of f au l t i ng  and  re- 

moval  of the  upper  portion by erosion,  Loughlin  and Koschmann (1942) 

estimated  the Madera Limestone t o  be a t  l e a s t  600 f e e t  and a maxinlum 

of 1000 feet   thick.   Kottlowski (1963)  considered  that  the  formation 

included  strata  only as young as Xissourian and predicted  the Kadera 

Limestone t o  be much thicker.  Recent  drilling  approximately 1 mile west 

of Korth  Baldy Peak penetrated  an  apparently  unfaulted  section of 

Madera Limestone,  1800 fee t   th ick .  The outcrop  of  the Madera L'xestone 

i n   t h e   c e n t r a l  Kagdalena  Xountains  further  support  the 1800 foo t . t h i ck -  

ness. 

D i s t r ibu t ion  - and occurrence: The  Madera Limestone i s  exposed i n  

see. 18 T. 3S., R.  3!.1. a s  t h e  continuation of the  Paleozoic  exposures 

southward from t h e  Xagdalena mining d i s t r i c t   ( F i g .  7) .  h'orth Ealdy Peak 



Figure 7. West dipping  Pennsylvanian  Sandia  Formation (S) and Nadera 
Limestone (1.1) i n  Morth Fork Canyon. 
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i s  cap?ed by a t h i n  remnant  of :,;adera Limestone. The N .  80' W.-trending 

North  Fork Canyon f a u l t  zone has  displaced  the  Xadera  Limestone  east 

i n t o  Water Canyon area where it is  well  exposed i n  florth  Fork Canyon 

and Copper Canyon, An isolated  horst   b lock of Eadera  Limestone  and 

basalt. Spears  Formation  of  the  Datil Group i s  exposed i n  secs. 20 and 

29, T. 3 S . ,  I?. y:!. south  of North Ealdy Peak near t h e  head  of  Rorth 

Fork Canyon. The uplifted  block of ?.ladera Limestone  occurs i n  a north- 

trending  outcrop  of  approximately 6500 f e e t   i n   l e n g t h  and 300 t o  600 

f e e t  i n  width. The iiadera  Limestone ho r s t  i s  a continuation of a north- 

northwest-trending zone  of upl i f ted  blocks of  Precambrian  rocks, which 

extend  from  the  Hagdalena  mining d is t r ic t   in to   the   cen t ra l1Jagdalena  

ICowtains. 

Lithologx; The 1;adera Limestone i s  a blue-gray,  fine-grained lime-. 
. . .. 

stone  that  contains  black  chert  nodules.  Fusilinids,  brachiopods, and 

solitary  corals  occur  throughout  the  formation. A few thin  beds  of  

white   to   greenish-gray  quartzi te   are   present   near   the  base.  The upper 

beds  are  mottled,   shaley,  and are   s ta ined  reddish by the  overlying Ab0 

Formation. 

T b  lower 300 f e e t  of the Xadera  Limestone contain  bluish-gray 

sha le  and  white to   g ray ,  medium-to-coarse-grain quartzi te   beds  very 

similar to  the  Sandia  Formation. The contact between the  Sandia Forma- 

t i o n  and t h e  Madera Limestone i s  gradational and i s  p l aced   a rb i t r a r i l y  

upon the  doninance  and  greater  thickness  of  the  fine-grained  limestone 

with a subsequent  decrease i n  the  shale and quartzi te   beds,  The 

remainder  of  the  Eadera  Limestone i s  a very  uniform,  fine-grained  micrite. 

Y 
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' Gis t r ibu t ion  , -  and  Occurrence. The Abo Formation is t h e  youngest 

Paleozoic  unit  i n   t h e  Nagdalena  !4ountains  and ove r l i e s   t he  Nadera Lime- 

stone with a slight  angular  unconformity. The only  exposure  of  the Ab0 

Formation i n   t h e   s t u d y   a r e a  i s  a t  the  head of Patterson Canyon, north- 

west of Morth Ealdy Peak (Fig. 4). I n  the  !:'ater Canyon area ,  a l l  t h e  

Ab0 Formation was removed p r io r   t o   t he   depos i t i on  of the  Oligocene vol- 

canic  s . 
Lithology. The Ab0 Formation  has a maximum thickness  of 100 feet 

a t  the  head  of  Patterson Canyon. The formation  consists of dark-red, 

fine-to-coarse-grained  sandstone and minor.amounts of interbedded red . 

sandy  shale.  Cross-bedding,  ripple  marks, and mud cracks are common. 

Locally,  limestone  pebbles  appa;-ently  derived  from  the  underlying  Xadera 

Limestone a r e  i n  the  basal   beds of t h e  Abo Formation. No f o s s i l s  were 

found,  but  Loughlin  and Koschmann (1942, p. 21)  describe some Pernian 

p l a n t   f o s s i l s  from the   foma t ion  i n  the  XagdaXena mining d i s t r i c t .  

Cenozoic Pocks 
Oligocene  volcanic  rocks were deposited i n  angular  unconformity 

on Paleozoic  sedimentary  rocks i n  t h e  centpal  Eagdalena  Kountains.  Dikes 

and s tocks   in t ruded   the  area fol lowing  the  cessat ion of  volcanism. 

Sedimentary  processes became dominant  during  Pliocene time with  the de- 

pos i t ion  of t h e  Popotosa  Formation. 

Tertiary Volcanic  itocks 

Lava flows,  ash  flows, and volcanocl.astic  sedimentary  rocks  be- 

longing  to  the  Oligocene Datil  Group cover t h e   l a r g e s t  area i n   t h e  



26 

c e n t r a l  Fagdalena  Xountains. The volcanic  rocks  dip 20°-250 southwest 

to   southeas t  from the  Paleozoic-Frecambrian  core  (Fig.  4). 

The Dat i l   per iod o f  volcanism  lasted from 37.1 m.y. t o  30.5 m.y. 

as determined  by  age  dating by various  workers  (Eurke and others ,  1963; 

Smith  and o the r s ,   i n   p re s s ;  Weber, 1971). The combined thickness of t he  

volcanic  rocks i n  t he   cen t r a l  ?lagdaler,a  Hountains i s  a m a x i m u m  of 

12,000 f e e t  and on the  average  dips 10'-15 less  than  the  subjacent 

Paleozoic  sedimer.tary  rocks,  Figure 8 i s  a generalized  composite  strat- 

igraphic  column of the   Ter t ia ry  sequence i n  t h e  c e n t r a l  llagdalena Moun- 

t a ins .  

0 

' The need t o   d e f i n e  t h e  s t ra t igraphic  sequence of t h e   D a t i l  

Group has   exis ted  s ince l*!inchester  (1920) first named t h e  C a t i l  Fonna- 

t ion  as  interbedded  volcanics and sedimentary  rocks  outcropping i n  t h e  

Datil Kountains, 36 miles v e s t  of Hagdalena.  Loughlin  and Koschmann's 

(1942)   interpretat ion of the  volcanic sequence i n   t h e  Nagdalena  mining 

d i s t r i c t  was hampered  by the complex s t ruc ture  and a l t e r a t i o n  i n  the 

area,  making any co r re l a t ion  of t h e i r  work i n  t h i s  s t u d y   d i f f i c u l t .  

.. 

. .  

Tonking  (1957) who studied  the  Puertecito  quadrangle, 15 miles 

north  of  Nagdalena,  divided  the Datil Formation in to   t h ree  membersr i1: 

ascending  order,  the  Spears Member, the  Hel ls  Mesa  Member, and t h e  La 

Jara Peak Kember.  Weber (1971, p. 35)  recognized the  complexity of t h e  

D a t i l  and r a i sed  i t  t o  group status and the  Spears,   Hells Nesa. and the 

La Jara Peak Nembers were e leva ted   to   format iona l   s ta tus ,  The La Jara  

Peak  Formatinn  has  since  been shown t o  be a post-Datil  event  based on 

structural  evidence  (Chapin, and others ,  i n  preparation) and a K-Ar d:~,te 

of 23.8 m.y. (Chapin  1971-a). 
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Figure 8. Cenozoic s t r a t ig raphy  of the   cen t ra l   Fagdalena  Hountains. 



A study by E r o m  (1972) of t h  :s i n  t h  he volcanic rock 
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.e  southern 

Bear  Mountains, 3 miles  north of I.Tagdalena, permitted,  the  subdivision 

of D a t i l  Group i n t o  13 separate u n i t s  totaling  approximately 4000 f e e t  

i n  thickness.  Figure 9 i s  a correlat ion  char t  of equivalent  units de- 

scribed by Brown (1972)  north  of  the 1jlagda7ena mining d i s t r i c t ,  

Loughlin  and Koschmann's (1942) effusive sequence i n  the  Kagdalena 

mining d i s t r i c t ,  and the   un i t s  used i n  the  present  study from the cen- 

t r a l  Kagdalena Range e 

Spears  Formation. The deposition of Spears  Formation, t h e  

lowermost u n i t  of t h e   D a t i l  Group, represent  the  beginning of volcanic 

a c t i v i t y  i n  the  Magdalena area i n  1Carly Oligocene  time. Burke and 

others  (1963)  obtained a 37.1 m.y. K-Ar da te  on b i o t i t e   i n  a l a t i t e  

tuff breccia i n  the   Joyi ta  Hills, 30 miles  'east of the  Lemitar Moun- 

t a ins .  The Spears  Formation i s  considered by Chapiq and o the r s ,   ( i n  

prepara t ion)   to  be s t ra t igraphica l ly   equiva len t   to   the   . l a t i t e - tuf f  

b recc ia   i n   t he   Joy i t a  Hills based on l i tho logic  and s t ra t igraphic  

s imi la r i ty .  

The Spears  Formation  unconformably  overlies  the Madera  Limestone 

i n  t h e   c e n t r a l  EIagdalena Nountains. Only l o c a l l y   a t   t h e  head of 

Patterson Canyon does  the  Spears  Formation  overlie t h e  Abo Formation. 

The. Spears  Formation i s  composed of  volcanoclastic  sedimentary 

rocks,  volcanic a s h  flows,  and  lava  flows. It can  be  divided  into 3 

mappable members.  The middle member, which i s  a d is t inc t ive   porphyr i t ic  

lava  f low o r  "turkey  track"  porphyry,  separates thk? otherwise monotonous- 

l y   t h i c k  sequence  of epiclast ic   rocks.  The tuff of  Nipple  Mountain, 

which i s  a member of the  Spears  Formation exposed i n  the  southern  Bear 
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Figure 9. Correlation  chart   of  equivalent  Tertiary  volcar?ic and sedimentary  units  used  by 
workers i n  the  southern  Eear  Mountains and the  Fagdalena  $fountains. . 
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Kountains (arown, 1972), i s  not  present i n  t h e  c e n t r a l  Magdalena I4oun- 

. t a i n s .  Erown (1972)  reports  that  the  Spears  Formation i s  of var iab le  

l i thology,  from  dominantly  fine-grained  fluvial  rocks a t   H e l l s  Mesa, i n  

the  Eear MountaiRs, t o  a thick  sect ion of lava f lows  and ash   f low  tuf fs  

over ly ing   re la t ive ly  t h i n  volcanic  conglomerates in   t he   sou the rn  Eear 

Mountains.  These l i tho logic   var ia t ior i s   a re   a l so   p resent   in   the   cen t ra l  

Magdnlena Motmtains. I n  North  Fork Canyon, the  Spears  Formation  consists 

of 3500 f e e t  o f  conglomerate,  sandstone,  lava  flows and lati t ic ash 

flows. Fur the r   t o   t he   sou th ,   t he   l a t i t i c   a sh   f l ows   dec rease   i n   t h i ck -  

nesse  but s t i l l  over l ie  a thick  volcanoclastic  section. 

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

volcanic  si l tstone,   sandstone, and conglomerate a s  much as 1200 f e e t   i n  

thickness. The lower member contains no ash or lava  flows  and i s  t h e  

equivalent of Loughlin  and Koschmnnn's (1942)  Purple  Andesite i n   t h e  

Magdalena  mining d i s t r i c t   (F ig .   9 ) .  

Field  exposures 'of the  lower  Spears  Formation  reveal a monoto- 

nous sequence of well-indurated,  volcanoclastic  sedimentary  rocks con- 

t a in ing  no marker  horizons  that   can  be  used  for  correlation  purposes o r  

s t ra t igraphic   posi t ion,   At t i tude  determinat ions  can be taken  only from 

the  f iner-grained  layers .  The co lor   var ies  from a grayish-purple i n  t h e  

rocks of Patterson Canyon on the  northwest t o  a greenish-gray i n  t h e  

rocks  of  Rorth  Fork Canyon and Copper Canyon. Grayish-purple i s  t h e  most 

common color  and represents   the  f resh,   general ly  more conglomeratic 

portion of t he  lower  Spears  Fornation. The greenish-gray  color i s  due 

t o  replacement of the  ferromagnesian  minerals  to ch lo r i t e  and epidote.  



Conglomerate  predominates i n  the sequence  and  contains  unsorted 

and subrounded po rphyr i t i c   l a t i t i c   t o   andes i t i c   c l a s t s   ave rag ing  10 cm. 

in   l ength   (F ig .  10 ) .  The ,phenocrysts i n   t h e   c l a s t s  uniformly. c o n s i s t  

of chalky  white  to  gray  feldspar and dark-green  hornblende i n  a sili- 

ceous,  aphanitic groundmass.  Subrounded fragments of t h e   d i s t i n c t i v e l y  

r ed  Jib0 Formation and Piadera Limestone as   long a51 meter are common i n  

the  basal   por t ion.   Imbricat ion  direct ions  taken  f rom  clasts   of  Ab0 

Formation  within  the  unit   indicate  a  direction of t ranspor t  from t h e  

southwest. 

. I  

Viewed microscopically,   the  clasts  are similar mineralogical ly  

and cons is t  of a s  much a s  40 percent  plagioclase,  saniiline,  and  horn- 

blende  phenocrysts. The c rys ta l s   a re   as   long  as 1.5 mm. and a r e  sub- 

hedra l  t o  euhedral. The groundmass i s  a  fine-grained  aggregate of 

fe ldspar ,   hornblende,   b iot i te ,   quar tz ,   apat i te  and magnetite, 

. ... 

Middle member:  The middle member of the  Spears  Formation i s  a 

blue-gray t o  reddish-gray  vesicular,  "turkey  track"  porphyry,  andesite 

flow. The middle  Spears  Formation  overlies t h e  volcanoclastic  lower 

Spears  Formation  throughout t h e  cen t r a l  Magdalena  Mountains. The ex- 

t rus ion  of t h e  andesite  flows  represents  the  oldest  Cenozoic  volcanism 

i n   t h e  Nagdalena area.  

The middle  Spears  Formation i s  mapped separately  because of i t s  

,d i s t inc t iveness ,  i t s  m a x i m u m  500 fee t  thickness, and i t s  usefulness  as a 

marker  horizon in  separating  the  lower and  upper  Spears  Formation. O n l y  

one "turkey  track"  porphyry  occurs  within  the  Spears  Formation i n   t h e  

c e n t r a l  Nagdalena  Mountains,  separating the volcanoclastics  of  the  lower 

Spears  Formation  from  the  volcznoclastic and l a t i t i c   a s h   f l o w s  of t h e  



Figure 10. Lower Spears  Formation  containing  clasts of Ab0 Formation 
( A )  Paleozoic  limestone (L) and porphyrit ic  andesite (?A). 

. .  
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upper  Spears  Formation. A "turkey  track"  andesite  flow wi th in  the  Spears 

Formation i s  a l so  exposed i n  the  Eear Mountains (Erowp, 1972;  Tonking, 

1957)  and i s  equivalent  to  the  middle member. Similar  flows have been 

described i n  southeastern  Arizona  by Cooper  (1961) who suggested t h a t  

the  "turkey  track"  porphyry  be  used  as a guide  for   the  correlat ion  of  

Miocene rocks. 

Viewed microscopically,  the  andesite  flow i s  characterized by 

abundant  euhedral  phenocrysts of plagioclase (An ) .as  long  as 10 mm. i n  

diameter i n  a f ine-gra ined   fe l ty  groundmass of plagioclase and  magnetite 

(Fig. 11). The plagioclase commonly shows c l ay   a l t e r a t ion ,   Ca lc i t e ,  

ep idote ,   ch lor i te ,  and s i l i c a   a r e   p r e s e n t   i n   a l t e r e d  zones  adjacent t o  

f a u l t s  or in t rus ions .  The ves ic les  commonly a re   f i l l ed   wi th   secondary  

55 

c a l c i t e  or  si l ica.   Xagnetite  oxidized  to  .hematite  gives  the  character-  

i s t i c   r e d d i s h   s t a i n  t o  the  rock. - member; A sequence of interbedded  conglomeratic mud flows  and 

l a t i t i c  ash  f lows  overl ies   the andes5t.e flows of t he  middle  Spears For- 

mation and i s  i n  angular  unconformity w i t h  the  overlying  Fells Yesa 

Formation. The l i tho logy  of the upper  Spears  Formation  varies  along i t s  

s t r ike .  South of North  Saldy  Peak,  the  upper  Spears  Formation i s  com- 

posed  of  volcanoclastics  and some l a t i t i c  ash  flows.  Further t o   t h e  

s c ~ t t h  i n  Baldy Canyon, t h e   l a t i t i c   a s h   f l o w s  dominate  over  the  volcano- 

c l a s t i c s  and some l a t i t i c   a s h  f l o w s .  L a t i t i c  ash flows become  more dom- 

inan t   h ighe r   i n   t he   s t r a t ig raph ic   s ec t ion  of the  upper  Spears  Formation 

i n   t h e   c e n t r a l  Xagdalena  Kountains. 
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- member; A sequence of interbedded  conglomeratic mud flows  and 

l a t i t i c  ash  f lows  overl ies   the andes5t.e flows of t he  middle  Spears For- 

mation and i s  i n  angular  unconformity w i t h  the  overlying  Fells Yesa 

Formation. The l i tho logy  of the upper  Spears  Formation  varies  along i t s  

s t r ike .  South of North  Saldy  Peak,  the  upper  Spears  Formation i s  com- 
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inan t   h ighe r   i n   t he   s t r a t ig raph ic   s ec t ion  of the  upper  Spears  Formation 

i n   t h e   c e n t r a l  Xagdalena  Kountains. 

The apparent  thickness o€ t h e  upper  Spears  Formation a s  measured 

from t h e  geologic map and cross   sect ions  (Fig,  4) a l so   va r i e s  

> 

The apparent  thickness o€ t h e  upper  Spears  Formation a s  measured 

from t h e  geologic map and cross  sections  (Fig.  4) a l so   va r i e s  



Figure 11. 

. .  

. .. 

Photomicrograph of a porphyrit ic  andesite from t h e  middle 
Spears  Formation.--Plagioclase  (P)  phenocrysts and 
c a l c i t e  (C) f i l l e d   v e s i c l e s   i n  a fine-grained;iron- 
stained,  grounchass of fe ldspar  and  magnetite.  Crossed 
nicols ,  x 3 .  
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considerable. A t  North  Baldy Teak the upper member is a t  a maximum 

thickness of 1700 feet, but t h i n s  r ap id ly   t o  a more consis tent  700 feet 

southward. 

The conglomeratic mud flows  are  best  exposed i n  the  southernmost 

exposures  of  the  upper  Spears  Formation i n  secs. 33 and 3 4 ,  T. 3s. .  R. 

3M. Thay are  very similar t o  the conglomerates of the lower  Spears 

Formation,  being  purple-gray, and containing subrounded clL:s’ts of t h e  

underlying  andesite  flows as wel l   as   l a t i t i c   ash   f lows .  The c l a s t s  

range from 1 cm. t o   1 2  cm. and loca l ly   as   long  as 1 meter i n  length. 

The conglomerate  exhibits  neither  sorting  nor  stratif ication. 

The l a t i t i c   a s h   f l o w s   a r e  compact,  welded, c r y s t a l  and l i t h i c -  

r i c h  tuffs. The ash flows are  characterized  by an overall  grayish- 

brown color,  chalky whi t e  fe ldspars ,  and red-brown t o  grayish-red, 

subrounded l i t h i c  fragments. The t u f f s  contain few pumice fragments. 

Quartz   crystals   general ly   are   absent ,   but  become increasingly more 

common towards  the  top of t h e  section thovgh  never  exceeding 3 percent 

by volume of  the  rock. 

. ,.. 

Petrographically,  feldspar and hornblende  phenocrysts, compos- 

i n g  as much a s  40 percent of the  ash flow i n  the  upper  Spears  Formation, 

are i n  an   aphani t ic ,   a rg i l l i zed  matrix (Fig. 12). Plagioclase,  varying 

from An3, t o  An36, dominates  over  sanidine. Hornblende ranges t o  as much 

as 5 percent  and  has  been  replaced by magnetite. The feldspars  are sub- 

hedra l   to   euhedra l ,  and range i n  s ize  from 0.2 mm. t o  2 mm- but  average 

O.5.mm. The groundmass i s  glassy,  w i t h  l i t t l e   d e v i t r i f i c a t i o n ,  and . . 

shows a g e n e r a l   a l t e r a t i o n   t o   c l a y  o r  ca l c i t e .  Flow bandi.ng is ex- 

h i b i t e d  by the  phenocrysts and the groundmass. Accessoryminerals 
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Figure 12. Photomicrograph of a latite from the upper Spears Forma- 
tion.--Flagioclase ( F )  , sanidine (S) and hornblende (H) . 
crystals in a glassy matrix. Crossed nicols, X 3. 
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inc lude   b io t i te ,   quar tz ,   apa t i te ,  and clinopyroxene. The l a t i t i c  l i t h i c  

fragments, which are   general ly  less than 3 cm. i n  length,  contain  crys- 

t a l s  of plagioclase, less than 0.1 mm. long i n  a fine-grained,  siliceous 

matrix. 

The contact of the upper  Spears  Formation wi th  the  overlying 

Hel l s  Mesa Formation  can  be easily placed on the   bas i s   o f   cont ras t s   in  

color and l i t ho logy  between t h e  two formations  andincrease  in  the  steep- 

ness of t h e  s l o p ,  which i s  underlain by Hells  Kesa Formation. Brown 

(1972, p. 17) reported  that  a distinctive  hematite-stained  conglomerate 

provides a useful  marker bed a t   t h e   t o p  of the  Spears   in   the  southern 

Bear  Nountains. T h i s  conglomerate i s  no t   p re sen t   i n   t he   cen t r a l  

Nagdalena  Fountains. A 0.5 meter  thick  regolith,  developed a t  the   top  

of  the  Spears  Formation, i s  present  only in   t he   sou th   po r t ion  of ‘the 

study  area and represents  subaerial  weathering  before  deposition  of  the 

Hells Kesa  Formation. The ac tua l   con tac t   i n  many places i s  obscured 

owing t o  the  mantl.ing  by debr i s  from t h e  Hells Mesa Formation. 

. 

Hells  Xesa Formation. The Hel ls  Mesa Formation of t h e  D a t i l  

Group i s  a thick sequence  of  quartz l a t i t e  ash  flow  tuffs. Burke and 

others ,  (1963)  obtained a K-Ar date  from b i o t i t e  of 32.4 m.y. from a 

” 

sample taken from the  basal  portion of the  Hells Hesa  Formation  exposed 

. i n   J o y i t a  Hills northeast  of the  Magdalena  Mountains.  Tonking  (1957, 

pa 29-30, 56) or ig ina l ly  named the Hells Mesa a member of t h e  D a t i l  

Formation a f t e r  a conspicuous  landform a t   t h e   e a s t e r n  edge  of  Bear Houn- 

t a in   ( s ecs .  7 and 26, T. lN., R. 451.).  Weber (1971) ra i sed  t h e  Datil t o  

group  s ta tus  making the  Hells Xesa a formation. The Hells Hesa Forma- 

t i o n  was mistakenly  ident i f ied,  by Loughlin and Koschmann (1942, 
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p. 33-35) i n  the P!agdalena mining d i s t r i c t  and'  Kalish (1953, p. 26-27) 

i n  the  \later.Canyon  area,  as a rhyolite  porphyry s i l l  (Fig. 9 ) .  E r o m  

(1972, p. 18-50) divided  the k!ells Xesa  Formation i n t o  7 members i n   t h e  

southern  Eear  Kountains  (Fig. 9 ) .  Regional mapping i n   t h e  I.!agdalena 

d i s t r i c t  (Chapin, and others ,   in   preparat ion)   resul ted i n  redefining 

Erown's (1972) Hells Hesa Formation. I n  t h i s  s tudy  the  Hel ls  Nesa 

Formation i s  the  equivalent of Eroprn 's  (1972, p. 19-30) lowest merzber 

of the  Hel ls   Fesa Formatj-on, t h e  t u f f  of  Goat  Spring  (Fig. 9 ) ,  on 

the   bas i s  of continuous  exposure from the  Bear,I.Iountains t o   t h e  Magda- 

lena  Mountains. 

The Hel l s  Nesa Formation  covers a sur face   a rea   g rea te r   than  10  

square  miles i n   t h e   c e n t r a l  Kagdalsna  14ountains. The formation i s  ex- 

posed i n  a wide crescent shaped pattern  beginning  near IJorih Ealdy  Peak, 

southeast   to  South Canyon, and then  northeast   to   the  western  s lopes  of  

I:'ater  Canyon  Mesa e a s t  of the Water Canyon campground (Fig. 4). It forms 

steep,  talus-mantled slopes in   the   h igher   e leva t ions  and makes  up t h e  

c r e s t  of  the  range  for  over 3 miles between North Ealdy Peak and  South 

Baldy Peak. I j i s t inc t ive  white  c l i f f s  near North Ealdy Peak and a pro- 

nounced nea r ly   ve r t i ca l ,   f au l t  escarpment on the   ea s t   s ide  of!.!ater 

Canyon are composed of  the  )!ells Nesa Formation. 

,. 

The Hells Kesa Formation i s  a multiple  flow,  simple  cooling  untt 

o f   c rys ta l - r ich ,   quar tz   l a t i t e  tuff. The formation i s  dis t inguished by 

i ts  gray  color,  pink  sanidine, white  plagioclase and round  quartz eyes 

embedded i n  a microgranular groundmass. !:'eathered c a v i t i e s  as long as 

1 foot  i n  the  poorly  welded, upper portions of the  Elells Mesa Formation 

along t h e  c r e s t  of the  range  in  see.   30,  T. 3S., Et. 3k7. give the rock . 

9 

> ~~ ~~ 
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a pi t ted  texture .  As much a s  2 psrcent of the  rock i s  rr.ade up of l i t h i c  

fragments. The rock  weathers  into  angular,  blocky  boulders,  forming ex- 

tensive  ta lus   s lopes.  Slopes developed on ,the Hel ls  Mesa Formation are 

steeper than  those  developed on the  underlying  Spears  Formation. 

The thickness of the   Hel l s  Nesa Formation varies  considerably 

within a short   distance.  A t  the  northernmost  exposure  west  of North 

Baldy Peak the  formation i s  approximately 200 fee t   th ick .  However, 3 

miles  south of North  Baldy  Peak i n  Copper Canyon and Mill Canyon, the  

formation is 3850 fee t   t h i ck ,  The l a t e r   f i g u r e  i s  a m a x i m u m  thickness 

t h a t  may include  repet i t ion of t h e  strata by  unrecognized normal fault- 

ing  * 

The Hel ls  Nesa Formation i s  a densely  welded,  gray tuff ever:r- 

where i n  the   cen t r a l  Magdalena  Nountains  except west and southwest  of 

North  Baldy Peak. The formation i s  Tqhite and  poorly'welded t o  t h e  west 

and  southwest of Korth  Ealdy  Peak, becoming grayer and densely  welded 

f a r t h e r   t o   t h e  south.  

Thin  volcanoclastic  conglomerates and minor  "turkey  track" 

porphyry  andesite  flows  are  interbedded  with  the  Hells Mesa Formation  ash 

flow  tuffs  in  an  area  between North Faldy Peak and 2.5 miles  south of 

North  baldy Peak. The epiclastic  sedimentary  rocks  contain  fragments 

very   s imi la r   to   the   Spears  Formation and the  andesite flows resemble t h e  

middle member of t h e  Spears  Formation. They appear t o  b e   r e s t r i c t e d   t o  

the  upper portion of the  Hells Hesa Formation and a r e   l i m i t e d   i n   a e r i a l  

extent  from  North Ealdy Peak t o  t h e  north  side of Copper Canyon and Mill 

Canyon (Fig. 4).  
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Furthermore,  the  Eells Nesa Formation overlies  the  lower member 

of  the  Spears  Formation  west  of  Korth  Ealdy  Peak' i n  s,ec. 18, T. 3.5.. R.. 
T;J. on the  upthrolm  side of the N .  80' \;,-trending  North Fork Canyon 

f a u l t  zone (Fig. 4). There i s  no middle o r  upper  Spears  Formation 

underlying  the Hells Iiesa  Formation on the  north  side of the  North Fork 

Canyon f a u l t  zone. On the downthrown side  of t h e  North  Fork Canyon 

f a u l t  zone, the   Bel l s  14esa Formation overl ies  t h e  upper  Spears  Formation. 

Because  of the  lack of  pumice, l i t h i c  fragments,  megascopic 

f o l i a t i o n ,   a t t i t u d e s  on the Hells Mesa Formation a r e   d i f f i c u l t   t o   o b t a i n .  

The blocky,  debris-mantled  slopes of the  Hells )lesa Formation make it 

d i f f i c u l t  t o  find  outcrops.   Atti tudes  are  determinable where l i t h i c  

fragments  are more abundant o r  the  rock i s  poorly welded. 

The at t i tudes  obtained  indicate  tha; an  angular  unconformity 

exists between  the  upper  Spears  Formation and the  Bells Mesa Formation. 

The d i s p a r i t y   i n   d i p  i s  very pronounced  south of .Worth E d d y  Peak i n  sec. 

20, T. X., 3. Yd.  vhere  the  upper  Spears  Formation  dips as much a s  49' 

west   vh i le   the  Hells Nesa Formation  only  dips lQo west (Fig,  4).  The 

formations  appoach  s t ructural   conformity  far ther   to   the  south  as   the 

d i s p a r i t y   i n   d i p s  becomes less. 

Viewed microscopical ly   the  quartz   la t i te  of t h e  Hells Kesa For- 

mation i s  distinctly  porphyritic,  phenocrysts.making  up from 20 t o  50 

percent of the  rock  (Fig. 13) .  Phenocrysts  of  sanidine,  plagioclase, 

quartz ,  and  minor hornblende are comnonly broken  and show p a r t i a l  re- 

sorp t ion   a long ' the i r  edges. The c rys ta l s   range   in   s ize  from 3 m. t o  

l e s s  t h a n  0.1 nv. The groundmass has   devi t r i f ied   to   microgranular  

c r i s toba l i t e ,   g l a s s ,  and feldspar.  



e e 

Figure 13. Fhotomicrograph of a quartz latite from the  Hells  Mesa 
Formation.--Plagioclase ( P ) ,  sanidine (S), and quartz 
(Q) crystals in fine-grained groundmass of cristobalite, 
glass, and feldspar. Crossed nicols, X 3. 
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Sanidine i s  the most abundant feldspar  and.varies from 10 t o  

30 percent of the  rock. The sanidine i s  subhedral  to 'euhedral,   varies 

from 2 mm. t o  0.1 mm. and averages  around lmm. i n   s i z e .  The sanidine 

generally i s  f resh ,   bu t   loca l ly  shows c lay  o r  hemi t i te   a l te ra t ion .   In  

the  more intensely  altered  zones,   sanidine is replaced by ca l c i t e ,  and 

more r a re ly  by ch lo r i t e  o r  epidote. Nany of t h e  gra ins  appear t o  have 

been  broken and partly  resorbed  during emplacement of the  ash  flow  sheet. 

Plagioclase  phenocrysts make up  from 5 t o  20 percent of the  

rock. The plagioclase i s  subhedral to   euhedral ,   but  i s  s l i g h t l y  

smaller  in  size  than  the  sanidine,   ranging from O , l . m m  t o  1.5 .m., with 

an  average of 0.8 mm. The plagioclase i s  andesine, An3z t o  An36. The 

grains  show incipient   to   a lmost   total   replacement  by c lay  and s e r i c i t e .  

Calc i te ,   ch lor i te ,  o r  epidote  replacement of the  plagioclase  occurs 

general ly   near   faul t  zones or intrusive  bodies.  The plagioclase pheno- 

c r y s t s  are also broken o r  resorbed,   but   not   to   the same degree as t h e  

sanidine  grains. 

.. ... 

Quartz composes from 5 t o  15 percent  of t h e  rock. The rounded 

g ra ins   a r e   a s  much a s  3 m.. i n  size  averaging  around 1.2 mm., which is 

sl ight ly   greater   than  the  fe ldspars .   Quartz  i s  f resh  and shows rare 

breakage,  as  demonstrated by c a v i t i e s  and holes   tha t  are f i l l e d   w i t h  

c r i s t o b a l i t e  and glass.  

The ferromagnesian  minerals,  represented by  hornblende  and 

b i o t i t e ,  never  comprise more than 2 percent of the  rock. The b i o t i t e  i s  

f ine  grained and subhedral. The hornblende i s  euhedral and a s  much as 

1 mm, in   length .   Al te ra t ion   to   ch lor i te ,   magnet i te ,  and, l e s s  commonly, 
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c a l c i t e  i s  present i n  most grains.  The minor accessories   are   magnet i te ,  

a p a t i t e ,  and zircon. 

Lithic  fragments i n  the  Hel ls  f.!esa Formation a r e   l i g h t  brown 

pieces of  porphyry l e s s   t h a n  4 cm. long.  Alteration i n  the form of 

c h l o r i t e ,   c a l c i t e  and clay  give  the  fragments a greenish  color. 

The groundmass, which is genera l ly   h ighly   a rg i l l i zed ,  of t h e  

q u a r t z   l a t i t e  i s  co rnon ly   dev i t r i f i ed   t o   c r i s toba l i t e  and feldspar .  

Flow banding  of  the groundmass around the  phenocrysts i s  o n l y   s l i g h t l y  

developed  and  can  only  be  observed  microscopically. 

Volcanoclastic  sedimentary  rocks  interbedded i n  the  upper  portion 

of   Hel ls  Nesa Formation a r e   r e s t r i c t e d   t o  w i t h i n  a %.5 mile  area  south 

and southeast  of X o r t h  Ealdy  Peak. A t  North k l d y  Peak the  sedimentary 

rocks  are  approximately 30 f ee t   t h i ck ,  and become progressively  thinner  

t o  the  south .  The bou lde r - s i ze   c l a s t s   a t  North  Baldy Peak grade t o  sand- 

.. 

' s i z e   c l a s t s   a t   t h e   s o u t h e r n  limit of  exposure i n   s e c .  31, T.  3 S . ,  R. 3:d. 

Sixmile Canyon Andesite. The Sixmile Canyon andesi te  i s  a t h i ck  

sequence  of  blue-gray,  amygdaloidal,  porphyritic  andesite  flows w i t h  

. local,  interbedded  sedimentary  rocks  near  the  base. The Sixmile Canyon 

andesi te  i s  the  equivalent of Brown's (1972, p. 46-47) porphyritic  andes- 

i t e  flows. The plagioclase  phenocrysts  average 0.8 mm. i n  length,  which 

i s  slight'ly  smaller  than  the  average of the  plagioclase  phenocrysts i n  

t h e  middle  Spears  Fornation.  Volcanoclastic  conglomerate and mud f low 

b recc ia   a t   t he   base  of the  Sixmile Canyon andesi te   are  a h e t e r o l i t h i c  

composite  of  quartz l a t i t e ,  Iat i te and andesite  fragments w i t h  no obvious 

sorting  or  bedding. They a r e  exposed only i n  South Canyon northwest of 

Buck Peak. 
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An isolated  outcrop of finely  laminated  limestone i s  exposed 

e a s t  of Timber Peak i n  sec. 9, T .  4S., R. 3W. T h e  s t ra t igraphic  

pos i t ion  of the  l imestone is diff icul t   to   determine  because of t h e   t a l u s  

and plant  coverage,  but it appears  to  be  interbedded  with  the  andesites. 

The limestone  outcrop i s  small,  covers  an  area of 50 f e e t  by 15 f e e t ,  

and i s  not  exposed anywhere e l s e  i n  the  study  area. I n  t h i n  section, 

the  limestone  contains  laminae of subround quartz   grains   less   than 

0.1 mm. in  length  interbedded w i t h  micrit ic  l imestone. No f o s s i l s  o r  

organic  material   are  present.  

A t h i n   s e c t i o n  of typical  andesite  reveals  phenocrysts of  pla- 

gioclase composing a s  much a s  60 percent of the  rock, embedded i n  a 

felty,   f ine-grained  matrix of plagioclase w i t h  . i 1.esser amounts of pyrox’: 

ene  and  magnetite  (Fig. 14). The euhedral  plagioclase  phenocrysts  are 

labrador i te  (An57),  which a re  as much as 3 mm. i n  length  hut  average 

0.8 mm. The gra ins  have  undergone a l t e r a t i o n   t o   c l a y ,   s e r i c i t e ,  and 

c a l c i t e .  The pyroxene i s  as much a s  2 mm. i n  size,  averaging 0.5 mm., 

and i s  a l te red   to   magnet i te ,   ch lor i te ,  and c a l c i t e .  

Sawmill Canyon Formation. The Sawmill Canyon formation i s  a 

multiple  flow, compound cool ing  uni t   consis t ing of  crystal-poor, 

r h y o l i t i c  a s h  flow t u f f s  interbedded wi th .  andesite  f lows and a kasa l  

volcanoclastic  sandstone. The unit ,  crops out i n  a discontinuous  band 

on the  western and  southern  flanks of t h e  study  area from  west of  Rorth 

E d d y  Peak. south   to  Sawmill Canyon and eas t   t o   S ixmi le  Canyon (Fig. 4). 

It over l ies   the  €!ells Mesa Formation to   t he   no r th  and the  Sixmile Canyon 

ande;-.;.-Le to   the  south.  The Sawmill Canyon formation is l i t ho log ica l ly  
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Figure 14. Photomicrograph of an andesite from  the Sixniile Canyon 
andesite.--Plagioclase (P) crystals in a fine-grained 

Crossed nicols, X 3. 
groundrnass of feldspar, magnetite and pyroxene. 
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s i m i l a r   t o   t h e   t u f f s  of  Eezr  Springs  and  the t u f f  of Allen 'del l  i n  

the  southern,Eear  Kountains (Erown, 1972, p. 31-49). 

Deal  and Rhodes ( in   p ress )   descr ibe  a 2100 foot   th ick   sec t ion  

of   rhyol i t ic   ash   f lows   in   the  A .  L. Peak area  of  the  northern San >!ate0 

Mountains tha t   they   cons ider   to  be the  source  area  for a t   l e a s t   p a r t  of 

t he  A .  L. Peak Formation. The Sawmill Canyon formation i n   t h e   c e n t r a l  

Nagdalena  Mountains i s  a sequence  of  gray,  crystal-poor  ash  flow tuffs 

tha t   a r e   1 i tho log ica l ly . and   s t r a t ig raph ica l ly   s imi l a r   t o   t he  A. L. Peak 

Formation  exposed i n  t h e  San  Kateo  Mountains.  Exposures f r o m  the  San 

Nateo  Mountains t o   t h e  Kagdalena  Mountains are  not  continuous due t o  

. Late  Cenozoic  block  faulting, downdropping the  Nulligan Gulch area  (Fig.  

2), and subsequent  cover  of  the  volcanic  rocks  by  Quaternary  sediments. 

Fiss ion  t rack  dates  from  sphenes  (Smith  and  .others, i n  press)  place t h e  

age  of  the A. L. Peak Formation  from the San Mateo Nountains a t  31.8 

may. * 1.7 m.y. Age dat ing of the Sawmill Canyon formation  from t h e  

Nagdalena  Mountains will be necessary i n  order t o   d e f i n i t e l y   c o r r e l a t e  

with  the A. L. Peak Formation  of  the San Kateo  Kountains.  Therefore, 

t he  Sawmill Canyon formation i n   t h e   c e n t r a l  Kagdalena  Mountains i s  

tentat ively  correlated  with  the A. L. Peak Formation  of the San  Kateo 

Hountains  unti l   their   equivalency  can  be  established, 

The Sawmill Canyon formation i s  poorly  exposed i n   t h e   c e n t r a l  

Hagdalena  Kountains w i t h  - the  best   outcrops  occurring on t h e   r i d g e  be- 

tween Eop Canyon and Patterson Canyon, west of North Baldy  Peak i n  sec. 

18, T. x., 13. 3W. The thickness of the Sawmill Canyon formation i n   t h e  

c e n t r a l  Kagdalena Range i s  from 800 t o  1200 f e e t .  The uni t   th ickens 

. 
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considerably i n  Sawmill Canyon and a t   t h e  head  of Ryan I I i l l  Canyon, 

south  of  the  study  area. 

The Sawmill Canyon .formation  west  of  Horth  Ealdy  Peak i n  sec. 

18, T.  p., R. T!. contains 125 f e e t  of  dark-gray  volcania  rocks  that 

were a t   l e a s t   p a r t l y   d e r i v e d  from the  underlying  Eells Kesa  Formation. 

The sand-size  fragments  of  quartz,  lithic  fragments, and fe ldspar  are 

wel l  bedded and show cross-bedding  and  graded  bedding.  Kinor  channeling 

in to   t he   Be l l s  Mesa Formation  suggests a f luv ia l   o r ig in .  I n  S i m i l e  

Canyon west of Buck Peak (Fig. 3 ) .  similar   sedimentary  rocks  are   a lso 

a t  the  base of t he  Sawmill Canyon formation  overlying  the  Sinnnile Canyon 

andesi te .  The sandstone  contains  quartz,   feldspar,  and a v a r i e t y  of 

l i t h i c  fragments embedded i n  a fine-grain,   iron-stained,  quartz-rich 

matrix. 

,C." 1 {li, scLim'i*iary 

A 

.. ..^ 

Fine-grained  andesite  flows, 50 f ee t   t h i ck ,   ove r l i e   t he  

volcanoclastic  rocks i n  sec. 18, T. x., R. 3 1 .  Samples of   the  andesi te  

flows  contain  phenocrysts  of  plagioclase  as much a s  1 cm. i n   l e n g t h  i n  

a matrix  of  fine-grained  plagioclase,  pyroxene,  and  magnetite. Minor 

s i l i c a   v e i n l e t s  cu t  the  andesite.  The andesite  flow i s  overlain by a 

crystal-poor,  quartz-poor,  highly  foliated ash f low  that  i s  200 t o  

500 f ee t   t h i ck .  The ash  flow i s  gray and i s  moderately t o  densely 

welded  with  flattened pumice that   g ives   the  rock a s t r o n g   f o l i a t i o n  

pa t te rn  (Fi::;. 15). To ta l   c rys t a l   con ten t  is less than 10 percent,  The 

phenocrysts  are  euhedral  sanidine  less  than 2 mnx+ i n  length  with minor 

amounts of quartz  or  plagioclase.  Lineation  due to   t he   e longa t ion   o f  

pumice or  flaw f o l d s  around  phenocrysts o r  pmice  fragments i s  well 

developed. The rock  weathers  to gruss .  
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Figure 15. Photomicrograph of a rhyolite from the Sawmill Canyon 
formation.--Sanidine (S) crystals in a fine-grained, 
highly  foliated groundmass. Crossed nicols, X 3. 
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A dark-gray,  fine-grained  to  prophyritic  andesite  flow  unit, 

400 t o  600 f ee t   t h i ck ,   ove r l i e s   t he  ash  f l o w s ,  The aphani t ic   f lows  are  

compact with  an  abundance  of  small,  red  hematitizgd  phenocrysts  of 

pyroxene. The porp!yr%tic  flows are   ves icu lar  and contain up t o  50 per- 

cent  plagioclase  phenocrysts  as  long ES 3 mm. The uppermost a sh  f l o x  

u n i t  of the  Sawmill Canyon Formation i s  a fo l i a t ed   rhyo l i t e   con ta in ing  

as much a s  15 percent   crystals  of quartz,   sanidine,   plagioclase  and 

biotite.  Limited  exposures and weathering  of t h e  ash flow t o   n e a r l y  

v e r t i c a l   c l i f f s  make any  detai led  s tudy  diff icul t .  

~ South Peak Andesite. The South  Ealdy Peak zndesi te  con- 
I_” 

sists predominately of vesicular,   f ine-grained  andesite  f lows, and  minor 

interbodded  ash  flows and epiclastic  sediments.  The u n i t  crops  out a t  

South  Ealdy  Peak,  the  highest peak i n  t h e  ihgdalena Range. The expo- 

sures a re   r e s t r i c t ed   t o   t he   sou thwes te rn   po r t ion   o f   t he   s tudy   a r ea .   i n  

Sawmill Canyon, where talus slopes and complex f a u l t i n g  make any i n t e r -  

p re ta t ion  of t he   s t r a t ig raphy   d i f f i cu l t .  The thickness  of  the  South 

Baldy Peak a d e s i t e  may be a m a x i m u m  of  1500 feet. This   thickness ,  

however, could  represent a n  exaggerated  thickness  because of normal 

f a u l t i n g  i n  t he  Sawmill Canyon area.  The s t ra t igraphic   pos i t ion   o f   the  

South  Ealdy Peak andesite  can be  seen  south  of Langmuir Laboratory, a t  

which place it over l ies   the  Sawmill  Cawon  formation. A t  t h e  northern 

limit of  exposure i n  Baldy Canyon the  andesite  f lows are i n  fault contact  

with  the Hells Xesa Formation. The Timber Peak r h y o l i t e   o v e r l i e s   t h e  

South  Baldy Peak andesite.  

.. .. 

The aphanitic,   dark-gray  andesite  f lows  are  best   exposed a t  

South  Eddy Peak and on the  slopes  west  of Timber Peak. The andes i tes  





., ... 

Figure 16. Photomicrograph of an andesite from the'south Baldy Peak 
andesite.--Fine-grained  plagioclase, pyroxene, and magnetite 
and calcite-filled (C) vesicle. Crossed nicols, X 3. 
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Timber ” Peak Rh-. The Timber Peak rhyol i te   represents   the  

youngest  volcanic  rock i n  t h e  study  area. It caps  the  highest .   elevations 

i n  t he   cen t r a l  Hagdalena Xange, and forms Q crescent  shaped  outcrop 

pat tern  beginning  a t   the   r idge 1 mile west of North Ealdy  Peak,  south 

t o  Langrr;uir Laboratory,   east   to  Timbel. Peak and Euck Peak, and  north t o  

Kater Canyon Xesa (Fig. 4, i n  pocket). The unit   overlies  the  Sawmill  

Canyon formation to   the   nor th  i n  Iiop Canyon and the  South  Baldy  Peak 

- andes i t e   t o   t he   sou th   a t  Langmuir Laboratory. The Popotosa  Formation 

unconformably over l ies  t h e  Timber Peak rhyol i te  a t  Water Canyon Kesa 

and near Langmuir Laboratory. 

The Timber Peak rhyo l i t e  i s  ten ta t ive ly   cor re la ted   wi th   the  

Potato Canyon Formation  exposed i n  t h e  San Mateo Hountains (Deal and 

Rhodes, i n   p r e s s )  based on l i tho logic   s imi la r i ty  and s t r a t ig raph ic  

posit ion.  Late Cenozoic  block  faulting and cover by Quaternary  sedi-  

ments  prevent  direct  correlation  by  continuous  outcrops  between  the 

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

* 1.6 m.y. by f i s s ion   t r ack  from sphenes has  been  obtained  from  the 

Potato Canyon Formation i n   t h e  San  Nateo I.!ountains (Deal a n d  Rhodes, 

i n   p r e s s ) ,   b u t  no dating  has  been done on t h e  Timber Peak r h y o l i t e   i n  

t h e  Magdalena  Mountains. 

The Timber Peak r.hyolite i n  t he   cen t r a l  Magdalena Mountai’ns i s  

a multiple flow sequence  of  compactly  welded rhyol i t ic   ash  f lows.  The 

rock i s  characterized by i t s  grayish-red-purple  color, ”moonstone” 

sanidine,  bronze-colored  biotite, and fo l i a t ion .  The f o l i a t i o n  is t h e  

r e s u l t  of bands of light-colored,  coarse-grained  mixtures  of  cristo- 

b a l i t e  and feldspar  surrounded by finer-grained,  reddish-purple  layers 
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t u  -ich f f  

with  quartz,   sanidine,  and biot i te   being  the most common phenocrysts. 

Fine-grained  andesite  f lows  locally  interfinger  with  the t u f f  a t  t h e  

northwest limit of exposure  of t h e  Timber Peak lthyolite i n  sec. 18, T. 

. 3N., R. 3W. The to ta l   th ickness  of t h e  Timber Peak rhyo l i t e  i n  t h e  

c e n t r a l  Iiagdalena  14ountains i s  as much as 650 f e e t  and may be  consider- , ." 
I 

ably  "_ thicker  .~ i n  the  .Xater-.Ca.nyon Kesa area. , - ~.~ . 

Viewed microscopically,  the Timber Peak rhyol i te  i s  composed 

p r ina r i ly   o f  a c r i s t o b a l i t e  and sanidine  matrix ar,d 20 t o  40 percent 

phenocrysts  (Fig. 17). Sanidine and quartz   are   the dominant c r y s t a l s  

and compose a s  much as 38 percent of the  rock  with  biot i te  and t r aces  of 

plagioclase making up the  remainder of the  phenocrysts. The phenocrysts 

range i n   s i z e  from l e s s   t han  0.1 mm. t o  le>''&. and  average'approxi- 

mately 0.e m. The c r y s t a l s   a r e  subrounded  and  broken. Li th ic   f rag-  

ments a re   ra re ,   bu t   cons is t  of rocks composed of  intergrowths  of  cristo- 

b a l i t e  and feldspar .  Some of the  sanidine  exhibi ts  a p e r t h i t i c   t e x t u r e  

and  local ly  forms spherulites.  Inclusions  of  South Baldy Peak andesi te  

are   present   local ly   near  t i e  base of t he   un i t .   E io t i t e  i s  i n   v a r i o u s  

s tages  of a l te ra t ion   to   magnet i te .  The feldspars  as a whole a re   f r e sh ,  

b u t   l o c a l l y   a r e   a l t e r e d   t o   c l a y  and minor ser ic i te .   Exce l len t   f low 

banding i s  displayed  by  the bands of  hematized  glassy  zones  alternating 

with  light  colored,  coarser-grained  zones of c r i s t o b a l i t e  and feldspar .  

Te r t i a ry   In t rus ive  Rocks 

The o ldes t   Ter t ia ry   in t rus ive   rock  i s  a volcanic  neck,  which 

intrud:.+d t h e  Hells Nesa Formation  during  Oligocene time. Following  the. 



Figure 17. Fhotonicrograph of a rhyolite from the Timber Peak 
rhyolite.--Individual flow  bands consisting mainly of 
sanidine (S) and quartz (Q) are distinguished by the ' 
presence or absence of hematized groundmass. Crossed 
nicols, x 3. 
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emplacement of the Timber Peak rhyolite,  the  youngest u n i t  i n  the 

D a t i l  Group, the Kagdalena area underwent a period, of extensional fault- 

ing  along a 1:orth-northwest  trending  structural zone. Stocks and dikes  

intruded  the  north-northwest-trending  fault zone during  Late  Oligocene 

i n  t h e   c e n t r a l  Nagdalena  Kountains a s   w e l l  as i n  the Kagdalena  mining 

d i s t r i c t .  The s tocks  are  monzonite t o   g r a n i t e   i n  composition and have 

been  dated  as  rar.ging from 28 t o  30.5 m.y. i n  age (Weber, 1971). The 

dike  rocks  can  be  classified  into  three  major  types,  which i n  order  of 

decreasing  age  are$ 1) mafic 2) latite-monzonite, and 3) w h i t e  

rhyol i te .  The aplite  dikes  reported  by  Loughlin  and Koschmann (1942, 

p. 40) i n  t he  Nagdalena  mining d i s t r i c t  were not  found i n   t h e   c e n t r a l  

Magdalena ?,fountains. 

Dikes  are  spatially  associated  with. .stocks i n  the Magdalena 

Hountains. The mafic  dikes i n   t h e  Xagdalena  mining d i s t r i c t   a r e  con- 

centrated  within 1 mile of the exposed  stocks  (Chapin,  personal  cornu- 

nicat ion) .  The lati te-monzonite  dikes/stock  association i s  b e s t  

i l l u s t r a t e d   i n   t h e   c e n t r a l  Hagdalena  Hountains where the   d ikes   a re  

abundant  adjacent  to  the $!ater  Canyon stock  (Fig.   4).   ! .kite  rhyolite 

d i k e s   a r e   r e s t r i c t e d   t o   t h e  Nitt and Anchor Canyon stocks i n  t h e  

Nagdalena mining d i s t r i c t  (Loughlin and Koschmann, 1942, P la te  21, and 

d ie   ou t  beyond the  southern limits of t he  exposed  stocks. 

.Volcanic ” Keck. A topographically  prominent  rhyolitic  volcanic 

neck  crops  out i n  sec. 33, T.  3N., X. 3V. (Fig.   4).  The volcanic  neck 

in t rudes  and extends 90 f e e t  above the  exposed  surface of the   f ie l l s  

Mesa Formation. The rhyo l i t e  i s  cornposed of  quartz  phenocrysts i n  a 

fine-grained,  highly  foliated  matrix.  Excellent columnar joint ing i s  
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exhibited by the  volcanic neck  and outward-dipping a t t i t u d e s  of t h e  

fol ia t ion  are   present   near   the  base  changing  to   'near ly   ver t ical   d ips  

a t   t h e  top. The neck i s  crudely  cyl indrical  and has a maximum diameter 

of 900 f e e t .  KO radial   d ikes   are   associated  with  the  volcanic  neck. 

An age of Kiddle  Oligocene o r  younger i s  suggested by cross- 

cu t t ing   re la t ionships  and possible  Hells Kesa Formation  inclusions i n  

the  volcanic neck.  Gray t o  black,  fine-grained  volcanic  fragments  are 

present.  The volcanic  fragments  are  as  long as 3 em., subrounded,  and 

a r e  most common near  the  base of the  volcanic  neck, becoming r a re   t o -  

wards the  top.  The alignment  of  the more elongate  fragments  provides 

the  rock w i t h  a flow  structure. The intruded  Hel ls  Kesa  Formation 

shows very l i t t l e   d i s r u p t i o n ,   d i s t o r t i o n  or compaction. No thermal 

e f f e c t s  were noticed  surrounding  the neck. 
. .  

Hafic " Dikes.  Fine-grained  mafic  dikes i n  t h e   c e n t r a l  Magdalena 

Mountains  were intruded  along a north-northwest-trending f a u l t  zone 

before and a f t e r   t h e  emplacement of the  Late  Oligocene  stocks. The 

mafic  dikes  are  equivalent i n  conposit ion  to.the  lamprophyre  dikes  in 

t he  Kagdalena  mining d i s t r i c t  (Loughlin  and Koschmann, 1942, p. 43). 

where the   d ikes   a r e  most abundant  within  and  near  exposed  stocks. 

The mafic  dikes  are most common within a 1 mile   radius  of t he  

exposed  stocks i n  the Nagdalena  mining d i s t r i c t .  The area  of  most 

abundant  mafic'dikes i n  t he   cen t r a l  Hagdalena  Mountains i s  i n  sec. 21, 

T. x., X. 7~'. (Fig. 4) on the  north  s ide of  North  Fork Canyon. Th i s  

i s  a lso   the   a rea  of the  greatest   concentration of lati te-monzonite  dikes 

and whi t e  rhyol i te   d ikes .  
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The mafic  dikes  range i n  width  from 2 t o  20 f e e t  and are  gener- 

a l l y   l e s s   t h a n  200 f ee t   l ong ,  The average  trend i s  N.. 10' 1.f. but   var ies  

from K e  5' E. t o  If. 45' 1.1.: t he   d ips   a r e  from 70' e a s t   t o   v e r t i c a l .  

Topographically,   the  dikes  are  depressed  sl ightly owing t o   t h e i r  more 

rapid  weathering  relative  to  the  surrounding  country  rock. The wal l  

rocks  adjacent   to   the  dikes   are   character is t ical ly   bleached and ara  

r a re ly   s i l i c i f i ed .   Goe th i t e   s t a in ing  and goe th i te -ca lc i te   ve in le t s  i n  

t he  mafic  dikes,  e4tending  locally some 30 fee t   in to   wal l   rocks ,   a re  a 

common occurrence,   particularly i n  t he  North  Fork Canyon area. 

I n  hand  specimen, t he  mafic  dike  rocks  are  dark  'green,  fine 

grained,   rarely  porphyri t ic ,  and conta in   as  much as  10  percent  magnetite. 

The oxidation of the  magnet i te   to   goethi te  has  resu l ted  i n  a rus ty  brown 

s t a i n  on the  weathered  surfaces.  Plagioclase  grains  are  present i n  the 

s l i gh t ly   coa r se r  samples. The porphyrit ic  varieties  contain  phenocrysts 

consis t ing of plagioclase,  pyroxene,  hornblende,  and b io t i t e .   Quar t z  

i s  present in some dikes.  

Viewed microscopically, t h e  groundmass consists  predominately 

of f e l ty   p l ag ioc la se   mic ro l i t e s  w i t h  i n t e r s t i t i a l   magne t i t e ,  pyToxene, 

and apat i te   (Fig.   18) .  ' Altera t ion   of   the   p lag ioc lase   to   c lay  and the 

pyroxene t o   c a l c i t e  and c h l o r i t e  i s  common. The phenocrysts  are  as much 

as 3 mm. i n  length and euhedral. The labradorite  phenocrysts  are  al tered 

t o   c l a y ,   s e r i c i t e ,  and c a l c i t e .  The ferromagnesian  phenocrysts  are 

t o t a l l y   t o   p a r t i a l l y   r e p l a c e d   b y   c a l c i t e ,   c h l o r i t e ,  o r  magnetite. 

Zatite-Monzonite  Dikes.  Porphyritic  latite-monzonite  dikes  are 

the  next  youngest i n  t he   cen t r a l  Magdalena Mountains  and cut  the  mafic 

d i k e s   a t  a number of l o c a l i t i e s  i n  Korth  Fork Canyon. The 



Figure 18. Fhotonicrograph of a mafic  dike of and.esitic  conposition.-- 
Plagioclase (?) c rys t a l s   w i th   l e s se r  amounts of pyroxene 
and  magnetite i n  a fine-grained  matrix.  Crossed  nicols, 
x 3 .  
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la t i te-monzoni te   dikes   are   spat ia l ly   associated w i t h  t h e  !.later Canyon 

stock, becoming l e s s  abundant  with  increased  distance  from.the  stock 

(Fig. 4 ) .  The lati te-monzonite  dikes  crop o u t  from 3 miles south  of 

the Water Canyon s tock   i n  Copper Canyon and ?plater Canyon t o  2.5 miles 

north  of  the  stock i n  Garcia Canyon ard  Jordan Canyon. The dikes  are 

exposed 2 miles  west of the ',later Canyon stock, which i s  bordered  on 

t h e  east by the I+. 35' \,I.-trending f a u l t  zone  and t h e  Water Canyon fault 

zone. Lati te-monzonite  dikes  as  well .as  white  rhyolite  and  mafic  dikes 

are p r e s e n t   i n  t h e  northeast   por t ion of t h e  Magdalena Xountains. 

The lati te-monzonite  dikes  intrude  the  Late  Oligocene  north- 

northwest-trending  fault zone  and some of the  dikes   crop  out   cont inu-  

ously.for  over 1 mile i n  North  Fork Canyon. The dikes   are   s inuous,  

dipping 70' e a s t  t o  ve r t i ca l .  The thickness.  of t h e  d ikes  varies from 

25 t o  75 feet. The outcrop  breadth  of  sone  of  the  dikes  adjacent t o  t h e  

Water Canyon stock i s  greater   than 75 f e e t .  Elany of the  la t i te-monzoni te  

. d ikes   s t and   ou t   i n  relief by . a s  much as 30 f e e t  above the  surrounding 

country  rock,  especially i n  b!orth Fork Canyon. S i l i c i f i c a t i o n ,  

a r g i l l i z a t i o n ,  and l imonite   s ta ining of the  intruded  country  rock  are  

sporadic and l imited t o  a few f e e t  from the  dike. 

A large  isolated  la t i te-monzoni te   dike  crops  out  i n  t h e  north- 

west  portion  of  the  study area i n  sec. 18, T. 3.. R.  3!J. a t  t h e  head of 

Patterson Canyon and  continues N. 10' E. t o  Chihuahua  Gulch i n   t h e  

Nagdalena  mirdng d i s t r i c t .  The in t rus ion  was o r ig ina l ly  mappea as a 

sill by  Loughlin  and Koschmann  (19'42).  However, the   near ly  vertical in-  

trusion  crcss-cuts  both  the  Spears  Formation and the  Paleozoic 
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sedimentary  rocks  substantiate and therefore  must be  considered a dike.  

The dike i s  a s  wide a s  300 ' f e e t  and. is truncated on the  south  by a 

north-trending  Late  Cenozoic  fault. 

Hand specimens of the  lat i te-monzonite  dikes are character ized 

by their  grayish-green  color  weathering t o  a yellow brown: by pheno- 

crysts of fe ldspar  commonly over  10 mm. i n  length; by ch lo r i t i zed  

b i o t i t e  and hornblende; by rounded,  glassy,  quartz  grains:  and  by a 

fine-to-medium-grained  matrix. The rock  weathers to  spheroidal  forms, 

d i f f e r e n t  from the  blocky  character  of  the  weathered w h i t e  rhyo l i t e  

dikes .   Quartz  i s  p r e s e n t   i n t e r s t i t i a l l y  and a s  subround d i sc re t e   g ra ins  

and  composes as much a s  5 percent  of  the  rock. Some orthoclase i s  

graphically  intergrown  with  the  quartz.   Xagnetite i s  commonly oxidized 

t o  l imonite and gives  the  rock a yellow-brown color.  
, ... 

I n  t h i n  section,  the  texture  of  the  lat i te-monzonite  dikes i s  

porphyri t ic ,  w i t h  a groundmass t h a t  va r i e s  from f e l t y   i n   t h e   l a t i t i c  

t y p e s   t o  a f ine   phaner i t ic   in   the   monzoni t ic   types   (F ig .  19). The 

phenocrysts  are  orthoclase,  plagioclase, o r  clinopyroxene composing as 

much as 20 percent  of  the  rock.  Orthoclase  crystals  are  as  long as 

30 mm., subhedral, and commonly  show norrcal  zoning  and resorption  along 

their   boundaries.   Alteration of the  or thoclase  includes  both  c lay and 

s e r i c i t e ,  and i s  generally  not  as  intense  as i n  t h e  plagioclase  grains.  

The andesine  phenocrysts  are as much a s  4 mm..in length,   euhedral,  and 

show strong alterZi;',.on t o   c l a y ,   s e r i c i t e ,  and ca lc i te .   .Augi te ,  which 

occurs i n  t h e  l a t i t i c   v a r i e t i e s   b o t h  as phenocrysts  and  as  a'component 

of t h e  groundmass, i s  a s  much a s  3 mm. i n  length and general ly   highly 

a l t e r e d   t o   c a l c i ~ t e ,   c h l o r i t e ,  and magnetite. The f e ldspa r s  compose 
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Figure 19. Photomicrograph of a latite-monzonite dike of monzonitic 
composition.--Crthoclase (0) , plagioclase (P) , and 

x 3- 
quartz (Q) in a chloritized groundmass. Crossed nicols, 
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approximately 80 percent of the  rock  with  plagioclase  in   excess  of 

potash  feldspar.   Eioti te ' ,  which a l t e r s   t o   c h l o r i t e  and  magnetite, i s  

the  dominant  ferromagnesian  mineral i n   t h e  monzonitic  varieties making 

up t o  1-5 percent  of  the  rock.  Accessory  minerals  include  zircon, 

a p a t i t e  and euhedral  sphene as long  as  2 mm. 

- Wh5,te Rhyolite - bikes.   Vhite  rhyolite  dikes  are  the  youngest 

i n t r u s i o n s   i n  t h e  c e n t r a l  Magdalena Eountains. They cut  the  mafic  and 

la t i te -monzoni te   d ikes   as   wel l   as   the  Water Canyon stock.  The w h i t e  

rhyolite  dikes  also  intrude  the  Late  Oligocene,  north-northwest-trending 

f a u l t  zone, local ly   using  the same conduits  as  the  mafic o r  l a t i t e -  

monzonite  dikes. The white  rhyoklte  dikes have been  described i n   t h e  

fiagdalena  mining d i s t r i c t  (Loughlin  and Koschmann, 1942, p. 43-a) where 

they occupy the  roof  zones of t he  exposed  'stocks. The  d ikes  are common 

i n  t he   cen t r a l  Eagdalena  Kountains where they  are   local ized  pr imari ly  

along  north-northwest-trending faults, and the  N. EOo bJ.-trending Worth 

Fork Canyon f a u l t  zone (Fig: 4) I The whi te   rhyol i te   d ikes   exhib i t ,  as 

well, a northeast-trending zone beginning  north of South EaPdy Peak and 

extending  to   the k!ater  Canyon stock  as  defined  by a number of shor t ,  

sinuous.  north-trending  dikes. 

The most pro1ific.whit.e  rhyolite  diking i n  t h e   c e n t r a l  Eiagdalena 

Mountains i s  i n  Eorth  Fork Canyon; pa r t i cu la r ly  i n  secs. 21 and 28, T. 

3 S . ,  H. 3.'. (Fig.   4).  I n  North Fork Canyon, the  white   rhyol i te   intrusions 

have  penetrated  parallel   to  the  bedding of t h e   s t r a t a  or c rop   ou t  as 

c i rcu lar   p lugs .   Para l le l   d ike  Swarms a r e  exposed  almost  continuously 

f ron  h'orth  Ealdy Peak t o  t h e  southern limit of mapping a t   t h e  head  of 

Ryan Hill Canyon, a dis tance of 6 miles. North of the  study  area i n  t he  
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Nagdalena min ing  d i s t r i c t ,   t he   wh i t e   rhyo l i t e   d ikes   a r e  rare, but   three 

north-northwest-trending  dikes have penetrated t h e  exposed  stocks' in t h e  

northern  part  of t h e   d i s t r i c t .  The white  rhyollte  dikes  range  from 10 

t o  200 f e e t   i n  width and commonly stand  out  as  "Chinese  wall",  topo- 

graphic   features   r is ipg  as  much a s  75 f e e t  above the   t e r r a in .  The re-  

s is tance  to   erosion  general ly  i s  t h e   r e s u l t  of the   h igh   s i l i ca   conten t  

of  the  white  rhyolite  dikes such as   the   d ike  which intruded  the Korth 

Fork Canyon f a u l t  zone  which contains 76 percent   s i l i ca .  

The wh i t e   rhyo l i t e   d ikes   a r e   d i s t i ngu i shed   i n   t he   f i e ld  by t h e i r  

grayish-white  color: by a compact,  fine-grained,  locally  flow banded 

texture   (Pig.  2 0 ) ;  by  round  quartz g r a i n s ;  and by  feldspar  phenocrysts. 

m i t e  i s  present,  commonly a s  much a s  0.3 percent.  Weathering  of  the 

py r i t e  produces  limonite psuedomorphs  and a yellow-brown s t a i n  on t h e  

rock.  Phenocrysts  of  quartz and feldspar ,  up t o  2 cnt. long, make up 

a s  much a s  20 percent of the  white  rhyolite  dikes.  

. .  

I n  thin  sect ion,   the   white   rhyol i te   dikes  have a d i s t i n c t i v e  

porphyrit ic  to  glomeroporphyrit ic  texture i n  a compact,  microgranular 

groundmass (Fig. 21). The phenocrysts  are  generally  orthoclase  and 

quartz  and compose 10 t o  20 percent  of  the  rock. The orthoclase i s  sub- 

hedral   to   euhedral ,  as much a s  1.5 mm. i n  length, and shorn weak t o  

moderate a l t e r a t i o n   t o   c l a y  and sericite.   Graphic  intergrowths  with 

quartz  are  comon.  Quartz i s  subround, a s  much as 2 mm. in   l ength ,   and  

shows minor resorption  along i t s  edges. Minor subhed.ra1 to   euhedra l  

plagioclase of An8 t o  An12 composition  also  forms  phenocrysts as l a rge  

as 1 mm. The plagioclase i s  a l t e r e d   t o   c l a y  and s e r i c i t e .  The 



Figure 20. Highly  flowbanded  white  rhyolite  dike  exposed i n  sec. 
21, T. 3S.S R. 3We 



.. ,.. 

Figure 21. Photomicrograph of a  white  rhyolite  dike.--Orthoclase (0) 
and quartz (a) phenocrysts i n  a  fine-grained groundmass. 
Crossed  nicols, X 3. 
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groundmass i s  a fine-grained  mixture  of  qu.artz and feldspar  and i s  

h igh ly   s e r i c i t i zed .   S i l i c i f i ca t ion  i s  a lso  a common a l t e r a t i o n   e f f e c t .  

Eydrothermal  al teration and mineralization, which followed  the 

emplacement of the   whi te   rhyol i te   d ikes ,   a re   spa t ia l ly   re la ted   to   the  

in t rus ions .   Al te ra t ion   inc ludes   the   s i l i c i f ica t ion  of the   d ikes ,  

s i l i c a t i o n  of the  adjacent  country  rock, and mineralization i n  the  in-  

truded  rocks and on the  walls of the   d ikes .   S i l ic i f ica t ion   of   the   d ikes  

primarily i s  seen i n  the  northern  par t  of the   s tudy   a rea .   S i l ica t ion  

and  lead-zinc-copper  mineralization i n  the  Kelly  Limestone  adjacent t o  

a white  rhyolite  dike  occurs i n  the North  Baldy Peak area. Gold i n  gold- 

bearing  pyrite  occurs on the   wal l s  of t he   wh i t e   rhyo l i t e   d ikes   a t   t he  

divide batween Kill Canyon and  Copper Canyon. The presence of w h i t e  

rhyol i te   dikes   in   mineral ized  areas   has   previously  been  reported by 

Loughlin  and Koschmann (1942) i n  the Magdalena mining d i s t r i c t  and by 

T i t l e y  (1958) i n  the  Linchburg mine. 

- Water Canyon Stock. The Water Canyon stock i s  located on t h e  

north  side of the mouth of  Water Canyon, 2.5 t o  3 miles east of  IJorth 

Baldy Peak i n  secs.  14, 15, 22,  and  23, T. 3 S , ,  K. yhf. (Fig. 4). The 

dimensions of the   s tock   a re  3700 feet   east-west by 3000 feet   north-south.  

The stock i s  exposed  due t o  Late  Cenozoic  block f a u l t i n g  a long  the 

N e  35' M. margina l   fau l t  zone  and t h e  N. 25 E. Water Canyon f a u l t  zone. 

K a l i s h  (1953, p. 8) considered  the  stock  to  be a Precambrian  granite 

s i m i l a r   t o   t h e  basement  rocks  exposed i n   t h e  Magdalena mining d i s t r i c t .  

0 

An age  date  obtained by the  author and Charles Chapin of t h e  

New Nexico  Eureau of Hines  supports a Late  Oligocene  age for   the   s tock .  

The K-Ar date  was obtained  from  bioti te i n  a sample taken  fron t h e  .: 



67 

center  of the Water Canyon stock. The date  of 30.5 m.y. - 1.2 m.y. 

corresponds  closely  with t h e  da tes  on the exposed s tocks i n  t h e  

Kagdalena  mining d i s t r i c t  and suggests a major  episode of stock  in- 

t r u s i o n  from 28.0 t o  30.5 m.y. affect ing  the  central   and  northern 

Kagdalena  Rountains. 

+ 

Field  data  supporting a Late  3ligocene  age  for  the Water Canyon 

stock  are  as follows. The stock i s  compositionally  similar  to  the Ejitt 

and Anchor Canyon stocks i n  t he  Kagdalena mining d i s t r i c t ,  which  have 

been  dated a t  28.0 and 28.3 m.y., respect ively (Weber and  Bassett,  

1963). The stock  does  not  intrude  Paleozoic  sedimentary  rocks or t h e  

Oligocene  volcanic  rocks,  but  latite-monzonite  dikes, which are compo- 

s i t i o n a l l y  similm and gene t i ca l ly   r e l a t ed   t o  t h e  Vater Canyon stock, 

pene t ra te   the   en t i re   s t ra t igraphic   sec t ion .  The Borth  Fork Canyon f a u l t  

zone, which i s  Early  Oligocene i n  age, has  been  truncated  by  the V!ater . 

Canyon stock.  Furthermore, t h e  gray  to   buff   color  and t h e  rounded- 

terrain of the Vyater Canyon stock i s  i n  c o n t r a s t   t o  t h e  pink t o   r e d  

co lo r  and  angular  terrain of the  Frecambrian  granite. 

.. ... 

B mafic  dike  cuts  the  Yater Canyon stock. The mafic  dike is 

the  grayish-green  type commonly found i n  the  centralt lagdalena  Eountains.  

The feley  groundnass  as  well  as the few phenocrysts  of  plagioclase  have 

been   a l te red   to   carbonate ,   ch lor i te ,  or epidote. A whi te   rhyol i te   d ike  

a l so   has   in t ruded   the  Water Canyon stock. 

There i s  no apparent   a l te ra t ion  of the  Precambrian  country  rock 

surrounding  the  stock,  possibly  reflecting  the  unreactive  nature of t h e  

a r g i l l i t e .  The only  mineralization  present i s  along a N .  40 !$“.-trending 

s i l i c i f i e d  zone tha t   cu ts   the   s tock  w i t h  minor lead,  zinc  and  copper. 

0 



There i s  )T bnor   minera l iza t ion   in  the  Kelly Limestone  adjacent t c  
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.he 

Water Canyon stock, 

The \ later Canyon stock i s  a fresh,  coarse-grained, huff t o  pink 

quartz  monzonite  porphyry wi th  a well-developed  north-trending  joint 

systam.  Epidote commonly i s  developed  along these j o i n t  surfaces. 

Numerous inclusions of Precambrian a r g i l l i t e  are i n  the  s tock,   par t icu-  

lar ly   a long  the  contact .  The stock is f ine-grained  adjacent   to   the ' 

Precambrian  contact.  Kicroscopically,  the  quartz  monzonite  consists 

pr imari ly  of orthoclase,   plagioclase (Anz5 t o  An ) and quartz.  Horn- 

blende  and b i o t i t e   a r e   t h e  common ferromagnesian  minerals  with  minor 

pyroxene. The rock  has a porphyrit ic  texture  with  phenocrysts of 

or thoclase  as   long as 5 cm. The orthoclase shows zoning  and  only  minor 

a l t e r a t i o n   t o   s e r i c i t e  or .carbonate. 

33 

. .  

Buried " Stocks.  Field  evidence  suggests  the  presence  of buried 

stocks  underlying t h e  Linchburg-North  Baldy Peak area  and t h e  North  Fork 

Canyon a rea   i n   s ecs .  21 and 28, T. 3S., R. 3kr. Each area i s  discussed 

and  evidence i s  presented  supporting t h e  asser t ion   o f  t h e  presence of the 

buried  stocks.  

The presence  of a buried  stock  underlying  the  Linchburg mine 

area i n  the  southern  portion of t h e  Magdalena mining d i s t r i c t   has   been  

previously  predicted.  Loughlin and Koschmann (1942, p. 32, 48, 105) 

noted   the   ex tens ive   s i l i c i f ica t ion  of Frecambrian a r g i l l i t e  and  Paleozoic 

l imestone  along  fault   zones and the  high  temperature  mineral  assemblage 

i n   t h e  Linchburg mine as  suggestive of a stock  underlying t h e  area. 

Austin  (1960,  p,  16)  considered t h e  abundance of s chee l i t e  i n  the  vicin-  

i t y  of t he  Linchburg mine along  the  north-northwest-trending Young 
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American'fault zone as  strongly  suggestive of a 'stock  underlying t h e  

a rea .   T i t l ey  (1958) studied t h e  skarn  mineral  assemblage  adjacent t o  

the  north-northwest-trending  faults i n  the  Linchburg mine and suggested 

t h a t   t h e   a r e a  i s  underlain by a buried  stock. A similar  skarn-type 

a l t e r a t i o n  and s i l i c i f i c a t i o n  i s  present a t  North Ealdy Peak southeast  

of t he  Linchburg mine i n  the  study  area.  

Mafic,  latite-monzonite,  and  particularly whi te  rhyo l i t e   d ikes  

a re   spa t i a l ly   a s soc ia t ed  w i t h  the exposed stocks and may be f u r t h e r  

evidence  for  buried  stocks i n  the Kagdalena  Mountains. T i t l e y  (19.58) 

described a white  rhyolite  dike  in  the  Linchhurg mine,  and the  miter 

has mapped whi te   rhyol i te   d ikes   in   the  North Baldy Peak area,   suggesting 

the   poss ib i l i t y  of a buried  stock. 

The Linchburg-North  Ealdy Peak area '  i s  w i t h i n  a north-northwest- 

trending zone of horst   b locks exfRnding  from the  Kagdalena  mining d i i -  

t r i c t   i n t o   t h e   c e n t r a l  Magdalena Mountains.  Loughlin  and Koschmann 

(1942) ca l led  ' t h i s  zone of hors t s   the  ma-in ore zone a s  it contained  the 

greatest   concentrat ion of  metals i n  t he  Kagdalena  mining d i s t r i c t .  

Horst   blocks  of  Precambrian  argil l i te  uplifted  against   Paleozoic  sesi-  

mentary  rocks  outl ine  the main ore zone i n   t h e  Ilagdalena  mining d i s t r i c t  

and t h i s  zone of horsts  continues  south-southeastward. I n  t h e   c e n t r a l  

Magdalena  biountains a long, narrow block  of Madera Limestone  and  lower 

Spears  Formation  has  been  uplifted w i t h i n  the   Hel l s  Mesa Formation  and 

t h e  upper Spears  Formation and i s  a continuation of the   hors t   b locks  

from the biagdalena  mining d i s t r i c t .  

The presence  of a buried  stock  underlying  the Linchburg-Morth 

Baldy Peak area  has  been  verified  recently,by  the  release  of  information 
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previously  held  confidential  by mining  companies  (Chapin,  and others,  .. 

i n  preparation).  Drill holes  and a crosscut i n  t he  Linchburg mine 

penetrated  the  outermost  portion of a n  igneous  rock.  Lit t le i s  known 

of   the   s ize  o r  shape of the   in t rus ion ,   hu t  it i s  s imi la r  i n  tex ture  

and  composition t o   t h e  exposed  stocks,and  suggests  that it is  pa r t  of 

t h e  same  magv.atic event.  According t o  Chapin and o the r s   ( i n   p repa ra t ion ) ,  

the   in t rus ion  exposed in   t he   c ros scu t  i n  the  Linchburg  nine i s  a quartz  

monzonite  porphyry  containing  argill.ized  plagioclase  phenocrysts and 

fresh, romded  grains of  potash  feldspar and quartz  i n  a granophyric 

matrix of  potash  feldspar and quartz;   Chlorite and c a l c i t e   a l t e r a t i o n  

are common i n  the  intrusion.  The presence of disseminated  pyrite  and 

sparse  coppsr  mineralization  in  the  Linchburg  stock  differs  from  the 

exposed  stocks i n  the Nagdalena I~<ountains. 
.. 

Another  stock  nay  underly  the  liorth Fork Canyon area i n  secs. 21, 

and 28, T. 3N., R.  31. approximately 1.5 miles  southeast  of  North  Ealdy 

Peak, The proposed  existence  of  the  stock i s  based  primarily on the  

l a r g e  number of d ikes   i n   t he  North  Fork Canyon a rea ,   d i f f e r ing  from t h e  

Linchburg mine area where d ikes   a r e   r a r e   a t   t he   su r f ace .  Nowhere i n  the  

1.lagdalena mining d i s t r i c t  o r  i n  the   cen t ra l  Kagdalena  Mountains i s  t h e  

diking as p r o l i f i c   a s  i n  the h'orth  Fork Canyon area.  

"-Ate rhyol i te   d ikes   as   wel l   as   maf ic  and  latite-monzonite  dikes 

are   present  i n  h'orth  Fork Canyon. White rhyol i te  sills and  plugs  are 

l o c a l l y   p r e s e n t   i n  North  Fork Canyon. The intrusive  rocks are exposed 

i n  nunerous  stream  channels  suggesting t h a t  the  Paleozoic  sedimentary 

rocks  and  the  Tertiary  volcanic  rocks exposed on the   sur face   a re   on ly  a 

thin  veneer  overlying a l a rge r   i n t rus ion   a t   dep th .   In  a l l  d i r ec t ions  . 
I 
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from the   a rea  of grea tes t   in t rus ion  i n  t h e  south  half  of  sec. 21, T. x . ,  
R. T:J., t h e  exposed in t rus ions   dec rease   i n  number and occurrence..  South 

of  see. 21, T. 3S., R ,  7;f. a few latite-mo>lzonite  and w h i t e  rhyo l i t e  

dikes  trend  north-northwest  for 3 miles  (Fig. 4). 

Dike rocks  are   spat ia l ly   associated  with  the exposed stocks i n  

the Nagdalena  Kountains. The existence of the   recent ly   ver i f ied   bur ied  

stock i n  the Linchburg-North  Baldy Peak area w a s  suggested by the  white 

rhyol i te   dikes   as   wel l   as   the  high  temperature   mineral izat ion  and  a l ter-  

a t ion   p resent  i n  the  area.   Intense  faul t ing may have  allowed t h e  move- 

ment and concentration of magma from a distant  source  area.  The abundant 

diking i n  Korth  Fork Canyon, and  particul.arly  the w h i t e  rhyol i te   d ikes ,  

may suggest a buried  stock  underlying  secs. 2 1  and  28, T. 3S., R. ?M. 
Furthermore,  the  white  rhyolite  dike  swarms'exposed t o  the.  southern 

limits of mapping may suggest a larger   intrusion  underlying  the  central  

Hagdalena  Mountains. 

'Tertiary  Sedimentary Rocks 

Popotosa  Formation. The prominent r e d   c l i f f s   t h a t  form t h e  

e a s t  ~2.u of ?later Canyon fo r  more than 1.5 miles a r e  made up  of  Hiocene 

sedimentary  rocks  of  the  Popotosa  Formation.  Kalish (1953, p. 22) 

c a l l e d  t h i s  u n i t  a rhyolite  agglomerate i n  the Water Canyon Nesa area. 

Also, much of   the   f la t ,   ruhbly   a rea  between  South  Ealdy  and Langmuir 

Laboratory i s  underlain by the  Popotosa  Fomation.  Stacy  (1968, p. 42) 

called  the  rock  between  South  Ealdy Peak and  Langmuir Laboratory a 

lahar ic   b recc ia .  The Popotosa  Formation l i e s  unconformably on t h e  

Timber Peak rhyol i te  and represents  the  beginning of Te r t i a ry  
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sedimentation i n   t h e   c e n t r a l  Nagdalena Fountains  fqllowing  Late  Cligo- 

cene  faul t ing and in t rus ion ,  Denny (1940)  originally  'described  the 

Popotosa  Zormation a s  a basal   uni t   ofs the  Sante  Fe Group which was de- 

posi ted i n  middle  Niocene to  Pliocene  time. 

The Popotosa  Formation i s  not  present i n  the Nagdalena  mining 

d i s t r i c t .  I n  the  southern  Eear  Kountains,  the  Fopotosa  Formation i s  

interbedded w i t h  the upper  one-third  of  the La Ja ra  Feak Formation, a 

un i t  which Chapin  (1971-a)  dated a t  23.8 m.y. The Popotosa  Formation 

in   the  southern  Eear  14ountains cons is t s  of s i l t s t o n e s  and mud flow 

breccias  composed mainly  of d e t r i t u s  from the  La J a r a  Peak Formation, 

&own (1972, p. 66) ca l led  t h e  u n i t  the  fanglomerate of Dry Lake  Canyon 

(Fig.   9) ,  a f a c i e s  of t h e  Popotosa  Formation (Eruning ,  1973): In .the 

southern  part  of  the  Puertecito  quadrangle,  north  of  the  Kagdalena 

Mountains,  Tonking  (1957, p. 34)  designated  the  extensively  exposed 

series  of  poorly  sorted  volcanic-rich  si l tstone,   sandstone, and  con- 

glomerate as the  I'opotosa  Formation. 

~. ... 

According t o  Eruning  (1973, p. 107)  the  deposit ion of the 

Popotosa  Formation  began  about  24 m.y. during  the emplacement of the 

upper   third of the La J a r a  Peak Formation.  Ceposition  of t h e  Popotosa 

Formation  continued  locally i n  the  Socorro, New Nexico area  to  approxi- 

mately 11 m.y. as   dated by a trachyandesite  flow and assoc ia ted   tu f fs  

overlying  the  Popotosa  Formation on Socorro Peak (Eurke  and  others, 

1963). The Popotosa  Formation i s  overlain  by 14 m.y. rhyol i te  f l o w s  

{Weber and Eassett,   1963)  west of the   cen t ra l  Magdalena Kountains i n -  

dicating  deposit ior.  of t he  Popotosa  Formation  ceased e a r l i e r  i n  the 

Kagdalena  area. 



73 

Kottlowski, k!eber, and blillard (1969) considered  the  Santa Fe 

Group of cen t r a l  f:ew I;exico t o  have  formed  under a s imilar   deposi t ional  

environment to   t he   G i l a  Conglomerate  of southwestern New Mexico and 

southeastern  Arizona.  Eoth  rock  units  resulted from erosion  of  the ex- 

is t ing  highlands and deposit ion i n  adjacent  basins. The age  of  the  Gila 

Conglomerate a s  determined  by  vertebrate  fossils  from lake  beds  south 

of Benson,  Arizona i s  Late  Pliocene  to  Early  Pleistocene  (Heindl. 1962). 

The Popotosa  Formation i n   t h e   c e n t r a l  Nagdalena  Kountains i s  an 

a l luv ia l   fan   depos i t   cons is t ing  of well  indurated  sandstone,  conglomerate, ' 

and breccia.  Exposures  of  the  Popotosa  Formation  are  limited  to  the 

Water Canyon Xesa (Fig.  22) and to   t he   a r ea  between  South  Ealdy Peak and 

Langmuir Laboratory. 
.. . . 

KO c la s t s   o f  La J a ra  Peak Formation,  Paleozoic  sedimentary  rocks, 

or  Precambrian a r g i l l i t e  and grani te  have  been  found i n   t h e  Fopotosa 

Formation  of t he   cen t r a l  Magdalena Fountains. I n  the central Kagdalena 

Mountains  the  Popotosa  Formation i s  r e d , t o  reddish-brown  and i s  com- 

posed of angu la r   t o  subrounded c l a s t s   o f  Liatil volcanic  rock,  primarily 

the  Tinber Peak rhyol i te .  The c las t s   range  i n  s i z e  from l e s s  than  1 inch 

t o  over 2.5 f e e t  and a re  cemented by  an  iron-stained,  si l iceous ground- 

mass. The rock  has a vuggy or f ro thy   tex ture  and con ta ins   cav i t i e s  as 

much as 9 f e e t  i n  diameter i n  Vater Canyon Plesa. The Popotosa  Formation 

i s  approximately 400 f e e t   t h i c k   a t  'Water Canyon Nesa, but  t h i n s  r ap id ly  

eastward w i t h i n  0.5 miles t o  a depositional  pinchout on the Timber  Peak 

rhyc:lite  surface. A t  t h e   c r e s t  of t h e  range  between  South  Baldy  Peak 

and Langmuir Laboratory,  the  Popotosa  Formation  forms a t h i n  veneer  of 

blocky  fragments. 



Figure 22. Well indurated and conglo~neratic  Popotosa  Fornation 
exposed a t  Kater Canyon Mesa. 
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I n  the Wat,er Canyon l,!esa area,  a thin,   reddish-black,  vesicu1ar.k 

lava  flow i s  interbedded wi th  the  Popotosa  Formation.  Kinor  plagioclase 

and  pyroxene  phenocrysts a r e  i n  the  aphanitic groundmass. The lava flow 

i s  exposed  only i n  a few  stream  beds  and  cannot  be  traced  laterally. 

The size,  shape, and  composition of t h e  d e t r i t u s  composing t h e  

I’opotosa Formation v a r i e s  from  place to   p l ace ,  Between South  Baldy Peak 

and Langmuir Laboratory  the  Popotosa  Formation  contains  subround t o  

angular  fragments  as much a s  2.5 f e e t  i n  length of Timber  Peak rhyo l i t e ,  

the  South  Ealdy  andesite, and mino: Sawmill Canyon formation. All of 

these  volcanic u n i t s  crop  out i n  the  adjacent  area.  I n  the  Water Canyon 

Mesa a rea ,   t he   c l a s t s  i n  the  Popotosa  Formation  are much  more heter-  

o l i t h i c  and v a r i a b l e   i n   s i z e  and  roundness. 

’ Rocks s imilar  t o  the Popotosa  Formation  crop  out 3 miles  south- 
. ,. 

west  of  South  Ealdy Peak i n  t he  14ule Shoe Ranch area.  The c l a s t i c   rocks  

southwest  of  South  Ealdy Peak are   no t   as   coarse  or angular as the  

Popotosa  Formation a t  t h e   c r e s t  of the  range. The l i thology  of   the 

fragrcefits i n  the  clastic  rocks  southwest of  South  Ealdy Peak i s  more 

he t e ro l i t h i c  and does  not  contain  as many c l a s t s  of  South  Baldy Peak 

andesi te  and  Timber  Peak rhyo l i t e  as the  Popotosa  Formation a t  t h e  crest, 

of the  range. The c l a s t i c   rocks  i n  the Kule Shoe Ranch a rea   a r e  i n t e r -  2 b 

bedded with  Late  Oligocene  volcanic r m k s  approximately 29 30 m.y. i n  

age  and are   considered  correlat ive  with  the Eear  Trap Canyon Formation 

described by Oeal and *odes ( i n   p r e s s ) .  

PzI‘ 

r’l\ ---” 

u 

Quaternary  Sediments 

The Quaternary  sediments of t h e   c e n t r a l  Hagdalena  b!ountains 

cons i s t  of pediment grave ls ,   t a lus ,  and  alluvium. The unconsolidated 
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sediments  cover  large  areas,   particularly i n  t h e  South  Ealdy Peak- 

Langmuir Laboratory  area,  concealing  the  underlying geology. 

Pediment Gravel.  Poorly  consolidated  material mapped a s  pedi- 

ment gravel i s  exposed on the  eastern  f lank of the Magdalena Range and 

i n  a considerable  portion of  Water Canyon. The pediment gravel  includes 

gent ly   s loping  a l luvial   fans  on the  margins of the  range  that   dip 

eastward  into  the SEalte  Ranch F l a t s  (La Jencia  Easin), and the  beulder- 

covered  slopes i n  'Jater Canyon, 

The bedrock  areas  demonstrably  influence  the  type of debr i s  

found i n   t h e  pediment gravels. To the  north ana west  of  r,later Canyon, 

Precambrian a r g i l l i t e ,  Oligocene  volcanic  rocks, and Paleozoic sedimen-' 

tary  rocks  predoninate  in  the  gravel.  To the  south and e a s t  of b!ater 

Canyon eroded  material from the  Popotosa  Formation and Oligocene  vol- 

canic   rocks make up the  debris .  

.. ,.. 

!:'here the  pediment gravel i s  only a t h i n  veneer  covering t h e  

underlying  formations, windows of possible  bedrock  are  present. A good 

example i s  the I.!ater Canyon manganese mine on the  east   s lopes of Water 

Canyon (Fig. 4) t h a t  was developed i n  the Timber Teak rhyol i te  ancl is 

surrounded by pediment gravels.  l;!hether such  an  exposure i s  bedrock 

o r  a slurpblock from higher  elevations i s  d i f f i c u l t   t o  determine. 

- Talus.   Hater ia l  mapped as   t a lus   inc ludes   debr i s .   s l ides  and 

lands l ides  t h a t  are  extensively  developed  at   the  higher  elevations,  

pa r t i cu la r ly  i n  the  southern  portion of the  study  area.  Large  blocks 

of Timber Peak rhyolite,  over 300 f e e t  i n  length,  slump down .steep, un- 

stable   s lopes.  Rock g lac ie rs ,  some up t o  0.5 mile i n  length,  cover 

canic   rocks make up the  debris .  

!:'here the  pediment gravel i s  only a t h i n  veneer  covering t h e  

underlying  formations, windows of possible  bedrock  are  present. A good 

example i s  the I.!ater Canyon manganese mine on the  east   s lopes of Water 

Canyon (Fig. 4) t h a t  was developed i n  the Timber Teak rhyol i te  ancl is 

surrounded by pediment gravels.  l;!hether such  an  exposure i s  bedrock 

o r  a slurpblock from higher  elevations i s  d i f f i c u l t   t o  determine. 

- Talus.   Hater ia l  mapped as   t a lus   inc ludes   debr i s .   s l ides  and 

lands l ides  t h a t  are  extensively  developed  at   the  higher  elevations,  

pa r t i cu la r ly  i n  the  southern  portion of the  study  area.  Large  blocks 

of Timber Peak rhyolite,  over 300 f e e t  i n  length,  slump down .steep, un- 

stable   s lopes.  Rock g lac ie rs ,  some up t o  0.5 mile i n  length,  cover 
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sediments  cover  large  areas,   particularly i n  t h e  South  Ealdy Peak- 

Langmuir Laboratory  area,  concealing  the  underlying geology. 

Pediment Gravel.  Poorly  consolidated  material mapped a s  pedi- 

ment gravel i s  exposed on the  eastern  f lank of the Magdalena Range and 

i n  a considerable  portion of  Water Canyon. The pediment gravel  includes 

gent ly   s loping  a l luvial   fans  on the  margins of the  range  that   dip 

eastward  into  the SEalte  Ranch F l a t s  (La Jencia  Easin), and the  beulder- 

covered  slopes i n  'Jater Canyon, 

The bedrock  areas  demonstrably  influence  the  type of debr i s  

found i n   t h e  pediment gravels. To the  north ana west  of  r,later Canyon, 

Precambrian a r g i l l i t e ,  Oligocene  volcanic  rocks, and Paleozoic sedimen-' 

tary  rocks  predoninate  in  the  gravel.  To the  south and e a s t  of b!ater 

Canyon eroded  material from the  Popotosa  Formation and Oligocene  vol- 
.. ,.. 
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considerable  portions  of  the  slopes i n  South,  Sixmile,  Sawmill, Fiardy, 

Bear, Kill, Hop, and Patterson Canyons (Fig. 3). ' 

Clas t s  of  ash  flow t u f f s  der ived   for   the  most par t  from t h e  

f ie l l s  Itesa  Formation  and the  Timber Peak rhyo l i t e   a r e   t he  main con- 

s t i t u e n t s  of the   t a lus .  The Timber Peak rhyol i te   suppl ied  mater ia l  

t o   t h e   t a l u s  cones  covering many of the  southern and  western  slopes  of 

the  range, House-size  blocks of Timber Peak r h y o l i t e  around Langmuir 

Laboratory  have slumped i n t o  Sawmill Canyon, Ta1.u~ covered, westward- 

dipping  slopes between  Rorth  Ealdy Peak and  South  Ealdy Feak a r e  com- 

posed  of  Hells Mesa Formation. 

Alluvium. Alluvium comprises !Iolocene stream  gravels t h a t  have 

been  deposited i n   t h e  major  drainages  cutting  bedrock, talus, and 

pediment gravels.  I n  'dater Canyon west  of k t e r  Canyon Mesa, t he  stream 

has been  entrenched into  an  older   s t ream  terrace.   Intermit tent   runoff  

still suppl ies   mater ia l ,  which i s  deposited i n  the  valleys  today. 

~~~ 
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In terpre ta t ion  of the   s t ruc tures  i n  the  Eagdalena  Kountains  has 

been hampered by a lack  of field  data,   Reconnaissance mapping  and t rav-  

erses were made outs ide   the   cen t ra l  Magdalena  Mountains i n   o r d e r   t o  

bet ter   understand  the  s t ructure  of the  range. The addi t iona l   da ta  

available  from Frown (1972) in  the  southern  Pear  Yountains,  the  compila- 

t ion  s tudy by Chapin  and others   ( in   preparat ion)   of   the  Magdalena-Tres 

Montosac: area as well is Loughlin and Xoschmann's (1942)  study on t h e  

Xagdalena  mining d i s t r ic t  a l low  fo r  a better understanding  of  the  local 

and  regional  structures.  
. ... 

St ruc tu ra l   f ea tu re s  i n  t he   cen t r a l  Magdalena  !*lountains can be 

considered  under  five  major  headings:  Precambrian  and  Paleozoic  struc- 

t u r e ,  Laramide s t ruc ture ,  Early t o  Pliddle  Oligocene f a u l t s ,  Late  Oligo- 

cene f au l t s ,  and  Late  Cenozoic  block faul ts .  Each type  has  been ' 

i n f l u e n t i a l  i n  t h e   s t r u c t u r a l   h i s t o r y  of t h e   c e n t r a l  Plagdalena I.!ountains 

and i s  discussed  separately.  

Precambrian and Pal.eozoic S t ruc ture  
" 

The Precambrian a r g i l l i t e  i n  general   s t r ikes   northwest   and  dips  

s t eep ly   t o   t he   ea s t .  No f o l d s  are present   in , t .he  argi l l i te .  The h e -  

Cambrian grani te   c ross   cu ts   the   d ip  of t he   a rg i l l i t e .   Gran i t e   d ikes  

general ly  less than 2 feet  wide f i l l  northeast-trending  fractures  and 

comnonly i n t r u d e   p a r a l l e l   t o   t h e  bedding _c of t h e  a r g i l l i t e .  
k: 

. .  
.> 
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Xiss iss ippian   s t ra ta  unconformably overlie  the  Precambrian. The 

Kississippian-Pennsylvanian  contact i s  a conformable  surface  that shows 

no s t ructural   d isrupt ion.   Unconformit ies   in  t h e  Pennsylvanian sedimen- 

t a ry   rocks   we   r epor t ed   by  Loughlin  and Koschnann (1.942, p. 56) i n  t h e  

Kagdalena  mining d i s t r i c t ,  Loughlin  and Koschmann (1942)  stated  there 

i s  an  angular unconf'ormity between the  Fadera  Limestone  of  Pennsylvanian 

age  and  the Ab0 Formation of Permian age i n  t h e  Eagdalena  mining dis- 

t r i c t .  

The Paleozoic   s t ra ta   s t r ike  northwest  and d i p  10' t o  30' vest   near  

North Baldy Peak but  change t o  a west-trending  strike  and a southward d i p  

Of 30 t o  55 a t   t h e i r   s o u t h e r n  limit of exposure ir, t h e   c e n t r a l  Hagda- 

lena  Hountains. A s e r i e s  of upright   ant ic l ines   and  syncl ines   with nor-th- 

west to  northeast   trends  are  developed i n  the  Paleozoic  sedimentary rocks 

i n   t h e   c e n t r a l  Kagdalena  Kountains  (Fig. 23,  i n  pocket).  Folds are also 

present  i n  the  Oligocene  Spears  Formation. North  Fork Canyon and  Copper 

Canyon occupy the  hinge zone of   an t ic l ines  and are  separated  by  topo- 

graphic  r idges which are structural  synclines.  Spacing  between  the 

a n t i c l i z e s  i s  approximately 1 mile. The structures  plunge  approximately 

30 t o   t h e  west beneath t h e  unfolded Fells Kesa Formation. 

0 0 

0 

Folds  in.   the  Paleozoic  rocks and the  Oligocene  Spears  Formation 

are r e s t r i c t e d   t o   t h e   c e n t r a l  Kagdalena  Xountains  and are   no t   p resent  i n  

the  I.!agdalena mining d is t r ic t   (Loughl in  and Koschmann, 1942, p. 57). 

Spat ia l ly ,   fo lds   in   the   Pa leozoic   rocks   a re   l imi ted   to  Mortli Ealdy Peak 

and t o  t h e  south i n   t h e   c e n t r a l   k g d a l e n a  PIountains. The f o l d s   a r e  

: v developed on the  downthrotrn side and south of t h e  3:. 80 W.-trending . 
0 

, . .. .. ,- 

ti'orth  Fork Canyon f a u l t  zone,  along which ob l ique   s l i p  movement occurred. 

2 
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Laramide Structure  

The term  "Laramide" has been  applied t o  a period oT large-scale,  

crustal   d is turbances  during which many o f  the  mountains and bas ins  of 

t he  Rocky Hountain  region were  formed.  blilmarth (1933, p. ll@) defined 

the  Laramide a s  beginning i n  Late  Cretaceous  time  and  ending i n  Early 

Tert iary  t i r re .  As more s t ruc tu ra l   da t a  accumulrrte, i t  i s  increasingly 

evident t h a t  orogenic   events   present ly   ascr ibed  to   the Laramide did  not  

begin  nor end simultaneously i n  a l l  pa r t s  of t he  Rocky Mountains. The 

limits and scope of t he  Laramide  orogeny i n  west-central Rew &lexico.can 

bes t  be  defined i n  terms  of  the  time  following t h e  deposi t ion of the 

Cretaceous Xesa Verde Group and  before  the  deposit ion  of. the Eocene Paca 

Formation. 
I .  

The Laramide upl i f t   appears   to  have the.  shape  of om elongate ' ' 

.. . .. 

dome o r  an t i c l ine  whose axis trends  north-northwest i n  t he  Hagdalena  area. 

Loughlin  and Koschmann (1942, p. 57) noted  the  general  change i n  s t r i k e  

of the  west-dipping  pre-volcanic  rocks, from N. 30° E. i n  t h e  Grsn i t e  

Mountain area n o r t h  of  the lvlagdalena mining d i s t r i c t   t o  N.  15O 1;l. i n  the 

main portion  of  the I-lagdalena  mining d i s t r i c t . .  A t  the   southern   Z in i t  of 

exposure i n  t h e   c e n t r a l  Kagdalena  Mountains, the  Paleozoic  rocks  str ike 

east-west  and  dip  south. The east-dipping  limb of the   Pa leozoic   s t ra ta  

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

E a r l y   t o  Middle  Oligocme  Faults 

A N. 80' W.-trending f a u l t  zone of Early  Oligocene  age is ex- 

posed  from  North  Baldy Peak e a s t   t o  Water Canyon paral le l ing  the  north 

s ide  of  Korth Fork Can:,on (Fig. 23). The f a u l t  zone d i p s  from steeply 
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t o   t h e   s o u t h   t o   v e r t i c a l .  l'he  North  Fork Canyon f a u l t  zone i s  composed 

of two west-trending,  parallel ,  normal faul ts  with  the  south  side down. 

The s t r ike - s l ip  conponent of o f f se t   a long   t he  North  Fork Canyon 
upf'2<r.li- ; ,! 
A 

f a u l t  zone i s  determined by t h e  Kelly Limestone,  which i s  truncated 'at 

Korth E d d y  Peak and  crops  out 2.5 miles t o   t h e  east i n  the  Vater  Canyon 

area. The s t r ike-s l ip   displacement   a long  the  north  faul t  of the  h'orth 

Fork Canyon faul t  zone i s  greater   than t h e  south fault. The d ip-s l ip  

component of   o f fse t   across   the  North  Fork Canyon fault zone is 1400 fee t  

as measured  by the  difference  in   e levat ion  of   the Kelly Limestone a t  

North  Ealdy Peak and i n  Water Canyon. 

The h'orth  Fork Canyon f a u l t  zone i s  covered by younger  volcanic 

rocks west and south  of  Rorth Baldy Peak. The northern f a u l t  of t h e  

h'orth  Fork Canyon faul t  zone i s  exposed i n  t h e  west half   of  sec. 18, T. 

3S., K. 7;). a t  the  south  fork  of  Patterson Ca.nyon (Pig.  4). Erosion 

has  removed t h e  younger  volcanic roclcs  and  exposed the  Spears  Formation 

and  the faul t  zone. To the  west   the  North  Fork Canyon f a u l t  zone i s  

truncated by a Late  Cenozoic,  north-trending  block fault. Mapping by 

Wlk$nson  (Chapin, and others ,  i n  preparation) i n   t h e   T r e s  ?!ontos2s area 

of   the   Gal l inas  Range, approximately 10 miles west of Magdalena, has 

r e su l t ed   i n   t he   r ecogn i t ion   o f  a west-northwest-trending faul t  zone, 

which may be a westerly  continuation  of t h e  Korth  Fork Canyon f a u l t  zone. 

The Sorth  Fork Canyon f a u l t  zone  developed  before  the  deposition 

of t h e  Elells Nesa Formation  and a f te r  the  emplacement of   the  Spears  

Formation. The Spears  Formation was truncated by the  North'Fork Canyon 

fau l t  zone  whereas  the Eells tksa Formation  overlaps t h e  Iiorth  Fork Can- 

yon fau l t  zone v e s t  and  south of North Ealdy Peak. Furthermore,  dikes 



82 

related  to  the  Late  Oligocene  intrusions,  which a f f e c t e d   t h e   e n t i r e  

Kagdalena  Mountains, wez-e intruded  across  as well as &long  the  Korth 

Fork Canyon f a u l t  zone. . 

Following t h e  emplacement of the  Hells Nesa  Formati.on, a west- 

trending,  south-dipping, normal f a u l t  develcped  from  South  Ealdy Peak 

e a s t   t o  South Canyon (Fig.  2 3 ) .  Evidence f o r  t h e  existence of t h e  South 

Canyon f a u l t  i s  based on topography,  displacement  of s t r a t a ,  and a l t e r a -  

t ion   ad jacent   to   the   fau l t .  lu'orth of the fault in   South  Canyon, t h e  

Hel l s  Nesa Formation is exposed  and truncated  against  the  younger Six- 

mile Canyon andesite.   Pyrite and qua r t z   ve in l e t s   occu r   i n   t he   Ee l l s  

Nesa Formation  adjacent t o   t h e  South Canyon faxlt b u t  are not  present 

i n  t h e   S i m i l e  Canyon andesite.  The South Canyon f a u l t  is truncated 

by a north-trending,  Late  Cenozoic  block  fault  to  the east and is 
. . .. 

covered by the Timber Peak rhyo l i t e ,  

The South Canyon f a u l t  was reactivated  between  South  Ealdy Peak 

and Timber Peak a f t e r   t h e  emplacement of t he  Sawmill Canyon formaticn. 

The displacement of s t r a t a  i s  evidence  for  the second per iod of fau l t ing .  

Hells iiesa  Formation  north of t h e   f a u l t  i s  truncated  against  South  fialdy 

Peak andesi te  on the  south. The South Canyon fault west  of Souti.: Ealdy 

Peak i s  covered by Timber  Peak rhyol i te .  

- Late  Oligocene  Faults 

Following t h e  .emplacement o f  the  Datil Group, t h e   c e n t r a l  &lag:;:;- 

lena  Piountains were cu t  by a s e t  of  north-northwest-trending faul ts  of 

Late  Oligocene  age  (Fig. 23). These f a u l t s   t r e n d  from hi. 10' E. to 

N. 30 b!. w i t h  a dominant t rend of  M. 10' 12J. The north-northwest-trending. 
0 





exposed from the  southern limit of the Ki.tt stock  through  the  Linchburg- 

Grand Ledge area  (Loughlin and Koschmann, 1942,' Pla t e .2 ) .  

The north-northwest-trending  faults  continue  north  and  south 

of the   cen t ra l  I'iagdalena Mountains. The faul ts   extend southward i n t o  

Sawmill Canyon and Ryan 1 5 1 1  Canyon, both of which have a pronounced 

north-narthwest  topographic  trend. The north-northwest-trending faults 

continue  northward  into  the Magdalena mining d i s t r i c t  as expressed  by 

ho r s t s  and faul ts   a long which the  Kelly Limestone h a s  been  mineralized. 

fieplacement deposi ts  i n  the  Kelly Limestone along  north-northwest- 

trending faul ts  occur i n  the  Linchburg mine and the  North  Raldy-Peak 

mine, 4 miles south  of  the exposed s tocks   i n  t h e  Magdalena  mining dis-  

t r i c t .  Also, dikes and the Nitt and Anchor  Canyon stocks i n   t h e  Kagda- 

lena  mining d i s t r i c t  have a north-northwest  orientation. 

. .  

.. ... 

I n  the  southern  Eear Mountains north of the  Nagdalena  Kountains, 

Brown (1972)  recognized  the  continuation of the  north-northwest-trending 

faults,  which have cu t   the   a rea   in to  a number of  westward t i l t e d   b l o c k s  

progressively  stepped down t o   t h e   e a s t ?  Tonking's  (1957) map of t h e  

Puertocito  quadrangle shows the  north-northwest-trending f a u l t s  con- . 

t inuing northward  from  Erown's  area. 

Late Cenozoic  Block Faul t s  - - 
The major u p l i f t  of the  central13agdalena  Kountains  occurred 

along  Late Cenozoic block faults. Novement occurred  along  three  major 

fault zones  (Fig. 2 3 ) ;  the  N. 25' E.-trending  Water Canyon f a u l t  zone, 

the  N, 35' H.-trending  boundary f a u l t  zone on the  northeast   s ide  of   the  

Nagdalena Xange, and a north- t rendins   faul t  zone on  the west s ide of t h e  
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Plagdalena Range. The north-trending  fault  zone,  bordering  the  west  side 

of  the  central  Xagdalena  Kountains,  caused  large, down to   t he   wes t  

displacements, and forms  the  east  border of the  Mulligan  Gulch.graben. 

Movement along  the N. 35 ltJ.-trending f a u l t  zone,  bordering  the  north- 

east s ide of t he   cen t r a l  Magdalena Mountains,  caused down t o , e a s t   d i s -  

placement  and formed t h e  Snake  3anch F l a t s  graben. The N. 25' E. Water 

Canyon f a u l t  zone separates   the upthrown Precambrian t o   T e r t i a r y   r o c k s  

to   the  northwest  from the downthrown Tert iary  rock at  Water Canyon Mesa 

to   the   southeas t .  

0 

The north-trending  fault  zone on t h e  west s ide   o f   the   cen t ra l  

i*lagdalena Range i s  distinguished  by  the  alignment of springs,  displace- 

ment o f   s t r a t a ,   s i l i c i f i e d   f a u l t  zones,  and  steep  slope  gradients. Two 

p a r a l l e l   f a u l t s  make up the  north-trending  fault  zone bordering  the w e s t  

s ide  o€ t h e  range. The e a s t  faul t  l ies within  the  study  area,  b u t  t h e  

west f a u l t  i s  0.5 mile outside  the  study  area. The easterrmost  fault 

of  the  north-trending f a u l t  zone continues  northward from the   cen t r a l  

Magdalena  I*;ountains passing  through  the town of Kelly and  continues 

along  the  east   f lank  of  Granite Mountain  (Chapin,  and others ,  i n  prep- 

aration).  Displacenent of s t r a t a  along t h i s  f a u l t   i n  sec. 18, T. 3S., 

R. 3?. i s  est imated  to  be  from 1000 t o  1500 f ee t .  

.. ,.. 

The Water Canyon f a u l t  zone consists  of two p a r a l l e l  normal 

f a u l t s  drop2ing  blocks down to   t he   ea s t .  The f a u l t s   t r e n d  W. 250 E.. i n  

Water Canyon and control   the   drainage  pat tern,  The wes t   fau l t   d ies   ou t  

t o  t h e  southwest i n   s e c .  3, T. 4s.. R. 3 l .  The east f a u l t  i s  continuous 

from  biater Canyon t o  t h e  head of Ryan Hill Canyon a t  the  southern limit 
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of  mapping. Aer ia l   photographs   ind ica te   tha t   th i s , fau l t  may continue 

south   in to  Ryan t i i l l  Canyon and into  the  southern  portion  of  the  ran&e. 

The 13iocene Popotosa  Formation i s  truncated  and  exposed  on  the 

downthrown s ide  of the Water Canyon f a u l t  zone.. Furthermore,  the 

Popotosa  Formation  contains  only  fragments o f  the Datil vo1canios;and 

not  of  Paleozoic o r  Precambrian  rocks  presently  exposed on the  northwest 

and  upthrown side of the  \rater Canyon f a u l t  zone. This   suggests  t h a t  

the  Paleozoic and Precambrian  rocks  were  not  exposed  during t h e  time of 

Fopotosa  sedimentation, and ,that  present  day  exposure i s  due t o  Late 

Cenozoic upl i f t   a long  the  \ , la ter  Canyon f a u l t  zone a f t e r   t he   aepos i t i on  ' 

of  the  Popotosa  Formation. 

The amount of  displacement  along t h e  Water Canyon f a u l t  zone is 
.. , . 

g r e a t e s t   a t   t h e  mouth  of Water Canyon and  decreases  .southward. A t  t h e  

mouth of Water Canyon i n  sec. 14, T. 3S., R. 3W,, Precambrian  rocks  are 

exposed on the  upthrown s ide ,  and Tertiary  rock are exposed  on the  down- 

thrown side.   Far ther   to   the  south,   as  i n  sec. 3, T. 3K.) R. 3N.:Terti- 

ary rocks  of   dif ferent   age  are ' in   faul t   contact .  The s t r a t ig raph ic  

displacement a t  the  mouth of  Water Canyon i s  i n  excess of 3000 f e e t .  

The northeast   por t ion  of   the  central  Xagdalena  Nountains is 

bordered by a N. 35' !:'.-trending f a u l t  zone, which has  dropped  the  ad- 

joining Snake Ranch F l a t s  down to   the   eas t .   Sanford  (1968), on the   bas i s  

of   gravi ty   s tudies ,  interpreted the Snake Ranch-Fla ts   to   be  n northwest- 

trending  structural  depression  probably  resulting  from  normal  step-fault- . 

i ng  and poss ib le   t i l t ing   a long  a northwest-trending  fault  zone. The 

presence  of   scarplets   cut t ing  a l luvial   fans   as   evidenced  in   the  f ie ld ,  

and pa r t i cu la r ly  from a e r i a l  photographs,  indicate movement has  been 
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continuing.  Aerial   photographs  also  indicate  the N. 35O $[.-trending 

f a u l t  zone appears   to   t runcate   the It. 25 E. b!ater Canyon f a u l t   z o n e ' .  

and  continues  to  the  southenst  forming  the  eastern  boundary  of  Ilater 

Canyon Xesa. 

0 

The displacement on the  N. 35' $1.-trending f a u l t  zone i s  d i f f i -  

cu l t   t o   de t e rn ine  and va r i e s  depending on the   loca t ion  where the  

estimate i s  made. North of 1t1atel- Canyon, Precambrian  rocks  are  exposed 

on the  upthrown s ide  of the N. 35' 1.1. f a u l t  zone a t   t h e   n o r t h e r n  end of 

the  range,  whereas from  Water Canyon south,   Tertiary  volcanic and 

sedimentary  rocks  are  exposed on the upthrown s ide   o f   the  N. 35 W. 
faul tozone .  The area  north  of  Vater Canyon was a l s o   u p l i f t e d   b y   t h e  

IJater Canyon f a u l t  zone. The best   estimate of dkp lacenen t   fo r   t he  

N, 35' W.-trending f a u l t  zone  should  be made' south  of t h e  islater Canyon 

f a u l t  zone. A s  a l luvium covers   the   s t ra ta  on the downthrown s ide  of 

t he  N. 35' I J .  trending  fault   zone, t h e  exact  displacement i s  inde ter -  

minate,  but  probably  exceeds 2000 f e e t ,  

0 



REGIONAL A L m T I O N  

Al te ra t ion   in   the   cen t ra l lhgdalena   Xounta ins  i s  dependent  upon 

the  composition of the  host   rock, and i s  closely  confined t o  intrusive 

contacts  along which a l te r ing   so lu t ions  were able t o  migrate. Altera- 

t i o n  i s  of the same type  as  found i n  t he  Etagdalena mining d i s t r i c t ,   b u t  

i s  no t   a s   i n t ense  nor as  widespread.  Five  types of a l t e r a t i o n   a r e  

p re sen t   i n   t he   cen t r a l  I4agdalena.Nountains;   propylit ization,  si l icifi-  

ca t ion ,   l i r t e - s i l i ca t e ,   a rg i l l i za t ion ,  and ser ic i t izat ion,   Hemati te  al- 

t e r a t ion ,  which i s  so s t r i k i n g   i n  t h e  southern Flagdalena  mining d i s t r i c t  

(Loughlin  and Koschnann, 1942), i s  rarely  present  i n  t h e  c e n t r a l  Magda- 

l&a  Kountains.  Variation's i n   d i s t r i b u t i o n ,   c o n t r o l s ,  and  importance t o  

mineralization will be discussed  under  each  type of  a l t e r a t i o n .  

. ,  

Rock exposed w i t h i n  and along  the  Late  Oligocene,  north-north- 

west- t rending s t r u c t u r a l  zone revea l   the  greatest  amoltnt and development 

of a l t e r a t ion .  Along t h i s  zone tvo  areas  have  undergone t h e  major 

a l t e r a t i o n  i n  the   cen t ra l   por t ion  of the  range  (Fig. 24, i n  pocket). 

One area   to   the   nor th  i s  ad jacen t   t o   t he  Magdalena mining dis t r ic t  and 

ove r l i e s  one known bur i ed   i n t rus ion   i n   t he  Linchburg-North  Ealdy area 

and a postulated  buried  stock i n  t he  North Fork Canyon area.   Al terat ion 

d i e s   ou t  southward bu t   i nc reases   i n   i n t ens i ty  i n  the  southernmost  part 

of t he  study area i n  sec. 33, T. x , ,  R.  3b!., and secs. 4 and 5, T. 4s.. 

R. p. a t   t h e   i n t e r s e c t i o n  of t h e  north-northwest-trending  zone  with t h e  

transverse  South Canyon f a u l t  zone. 
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- P r o p l i t i z a t i o n  

Fropyl i t ic   a l terat ion  occurs   over  a wide area and a t  g rea t   d i s -  

tances from icnolwn areas  of mineralization.  CaLcite,   chlorite,  and 

ep idote   charac te r ize   p ropyl i t ic   a l te ra t ion .   Pyr i te  i s  rarely  present .  

P ropy l i t i c   a l t e r a t ion  i n  the   cen t ra l  Magdalena Mountains i s  bes t  devel- 

oped i n  the  Spears and Hel l s  Mesa Formations w i t h i n  the  north-northwest- 

t rending  s t ructural   zone,   Calci te   veinlets   with  geothi te   are   present  

l o c a l l y  i n  the  Paleozoic   rocks,   par t icular ly   in  the area  overlying t h e  

postulated Korth kork Canyon stock. 

The Spears  Formation,  consisting  of  sedimentary  rocks,  andesite 

flows, and l a t i t i c  ash  flows, i s  the  most suscep t ib l e   t o   p ropy l i t i c  

a l terat ion.   Feldspar  and  ferromagnesian  minerals i n   t h e   S p e a r s  Formation 

a r e  commonly a l t e r e d   t o   c a l c i t e  and l o c a l l y  t o  epidote or c h l o r i t e ,  

P ropy l i t i c   a l t e r a t ion  i s  pa r t i cu la r ly  common adjacent   to  a f a u l t  zone o r  

an in t rus ive   contac t .  The a l t e r a t i o n  of the  Spears  Formation i s  not as 

in tense  as described  by Erown (1972) i n  the  southern  Eear  Fountains or 

i n  t he  Kagdalena  Nining d i s t r i c t ,  where the  pervasive  propyl i t izat ion 

l e d  Loughlin  and Koschmann (1942) to   be l ieve   tha t   four   separa te   bu t  

la te ra l ly   equiva len t  u n i t s  exis ted (Fig.  9 ) .  The lower  Spears  Formation, 

normally  purple i n   c o l o r ,  is a greenish gray where p ropy l i t i ca l ly  al- 

tered.  The middle o r  “turkey  track” member of the  Spears  Formation 

appears   to   be  very  react ive  to   a l ter ing  solut ions,   probably  because  of  

its vesicular  or porous nature and chemical  composition.  Calcite, 

epidote,  and c h l o r i t e   a r e  common al terat ion  products   of   plagioclase  and 

ferromagnesian  minerals of the  middle  Spears  Formation  throughout t h e  

study  area. 



The upper  Spears and the  Hells Mesa Formation 'show propyl i t ic  

a l t e r a t i o n  most corrmonly south and southeast  of b!orth Baldy Peak i n  

secs.  17  and  20, T, 3 S . ,  R.  "J. (Fig.   24),  The southernmost  exposure 

o f   t he   he l l s  Kesa  Formation, i n  secs. 3 and 4, T. 4S., R. jY.. has   a l so  

undergone propyl i t ic   a l te ra t lon .   Chlor i te  and epidote  occur i n  t h e  

more intense  zones  of  al teration and give  the  ash  flows  of  the  upper 

Spears and Ee l l s  Kesa Formation a greenish  tinge. 

- S i l i c i f i c a t i o n  

The addi t ion of s i l i ca   to   the   count ry   rock   of   the  Hagdalena 

Nountains i s  control led by the  proximity of t he   a l t e r ed   rocks   t o  i n -  

t rus ions  o r  f a u l t  zones ,   S i l i c i f i ca t ion   occu r s   e i t he r   a s   pa r t i a l  t o  

t o t a l  replacement  of  the  host  rock or as   veins .  The jasperoid  type 

replacement i n  the  Kel ly  Limestone a t  North  Baldy  Peak  and i n  the Kag- 

dalena  mir ing  dis t r ic t   has   undergom two per iods   o f   s i l i c i f ica t ion .  The 

f irst  period was characterized by the  massive  replacement  of  the  Kelly 

Limestone by s i l i c a ,  forming  the  jasperoid. The rock was l a t e r   f r a c -  

tured,  and then  drusy  quartz   f i l led  the  f ractures .  30 mineral izat ion 

accompanied the  massive  replacement,   but  barite,   f luorite,  minor sul- 

f i d e s ,  and  gold were introduced  with  the  second  s tage-of   s i l ic i f icat ion.  

Jasperoid  replacement i s  r e s t r i c t e d   t o  t h e  I.!orth Baldy Peak area  

and i s  a continuation of  widespread s i l i c i f i ca t ion   p re sen t  i n  t h e  south- 

e rn  Nagdalena  mining d is t r ic t   (Loughl in  and Xoschmann, 1942). The 

uppamost  portion of the  Kelly  Limestone i s  preferent ia l ly   replaced  by 

jasperoid  along  the  crest   of  the  range  north of  Korth  Ealdy Peak i n  sec. 

17,  T. x., R. 3';:. and north  of  the  liorth Fork Canyon fault .  zone.  South 



of the  Korth.Fork Canyon f a u l t  zone  and along  the  north-northwest- 

trending f a u l t  zone i n  sec. 20, T. 3S., R. 7r.f., the  middle  Spears For- 

mation i s . t o t a l l y   r e p l a c e d  by jasperoid i n  a zone 150 feet  east-west 

by 2.50 f e e t  north-south  (Fig. 24). Hematite  accompanies the  jasperoid 

a l t e r a t ion ,   bu t   t he re  i s  no mineralization present. The hematite as- 

soc ia t , ion   wi th   s i l i c i f ica t ion  was also  recognized by Loughlin and 

Koschmann (1942, p. 5b) in   the  volcanic   rocks  of  t h e  southern  Kagdalena 

mining dis t r ic t .  A horst   block  exposing  I-recambrian  argil l i te,  up- 

l i f t e d   a l o n g   t h e  Grand Ledge fault   (Loughlin  and Koschmann, 1942)  north- 

west of North  Ealdy Peak i n  sec. 18, T. 3s.. R. yd., is  to t a l ly   r ep laced  

by si l ica.  The jasperoid  replacement  of  the  Frecambrian  argil l i te  only 

occurs i n  t h e  Korth Saldy Peak area.  Loughlin  and Koschmann (1942), 

T i t ley  (1958), and  Lovering  (1962)  stated  that t h e  jasperoid  replacements 

i n  t h e  Kagdalena  mining d i s t r i c t  were equivalent i n  time and c r i g i n   t o  

t he   l ime- s i l i ca t e   a l t e r a t ion ,  bu t  were f a r t h e r  away from t h e  source of 

t h e  f l d d s .  

S i l i c i f i c a t i o n  i s  a l s o   p r e s e n t   i n   t h e  Timber Peak  mine area (sees. 

4 and 5, T .  4S., R.  p!.) i n  the  form of   veinlets   penetrat ing t h e  upper 

Spears  Formation  and  the Iiells Kesa Formation  (Fig. 24). P y r i t e ,   l o c a l l y  

as much as 0.5 percent, i s  found i n   t h e   q u a r t z   v e i n l e t s .  The area is 

within  the  north-northwest  structural  zone a t  i t s  in te rsec t ion   wi th  t h e  

east-west  South Canyon fau l t .   S i l ica   ve in le t s   cu t   on ly   the   Spears   and  

Hells Mesa Formations on t h e  upthrown side of the  South Canyon fau l t  and 

not  the  younger  Sixmile Canyon andesite exposed on t h e  downthrown side of 

the  faul t .  
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A second  period of s i l i c i f i c a t i o n  i s  indicated by s i l i c a   v e i n s  

occurring  along  Late  Cenozoic  block  fault  zones. The main western 

boundary f a u l t  of the Nagdalena  Kountains i s  s i l i c i f i e d   i n  a number of 

loca l i t i es   a long   the   wes te rn  edge of the  central   Magdalenaltountains.  

The Popotosa  Formation  has  been s i l i c i f i e d   a d j a c e n t   t o  t h e  Late  Cenozoic 

f au l t   sou th  of South  Zaldy  Feak,  and  the  Eells Hesa Formation i s  re- 

placed by s i l ica   a long   the  Water Canyon f a u l t  zone. 

Lime-Silicate 

A small  pyrometasomatic  deposit  developed i n   t h e   K e l l y  Limestone 

i s  located 0.2 mile  southeast  of Korth  Baldy Peak (Fig. 24). It is  

l o c a t e d   a t   t h e   i n t e r s e c t i o n  of the  north-northwest-trending  structural  

zone w i t h  the  Sorth Fork Canyon f a u l t  zone. "The minerals  present are 

diopside,   andradite,   quartz,   al lophane,  galena,   sphalerite,   pyrit .e,  minor  

chalcopyrite and  malachite. A white  rhyolite  dike i s  the   on ly   in t rus ive  

present and appears t o  have  preceded the  a l terat ion  and  the  mineral i -  

zation. 

. .  

A pyrometasomatic depos i t   s imi la r   to   the   I~ lor th   Eddy Feak skarn 

i s  located i n  the  Linchburg  nine i n   t h e  Kagdalena  mining d i s t r i c t  where 

T i t l e y  (1958) s t u d i e d   s i l i c a t i o n   a s  a cont ro l   o f   o re   depos i t ion .   T i t ley  

(1958) de te rmimd  the   l ime- s i l i ca t e   a l t e r a t ion   t o   be   spa t i a l ly   a s soc i -  

a t e d   t o   f a u l t  zones t h a t  were the  condui ts   for   the  mineral iz ing and al- 

t e r ing   so lu t ions .   S i l i ca t e  and sulfide  zones  developed  from a f a u l t  

outward a r e :  1) 1-2 f e e t  of i n t ense   s i l i c i f i ca t ion :  2 )  approximately 

15 f e e t  of gametized  l imestone  (andradite);  3) a wide t r a n s i t i o n  zone 

of  andradi te ,   hedenjergi te ,   sphaler i te ,  and galena  consti tuting  the main 
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ore bodies; 4 )  a narrower zone of  pyroxenated  limestone  containing 

galena and sphaler i te ;  and 5 )  a broad  fringe of hematized  limestone 

which generally  gives way t o  marbleized  limestone  (Titley, 1958, p. 58- 

7 8 ) .  Zone 3 from the  Linchburg mine most closely  resembles  the  skarn 

d e p o s i t   a t   t h e  I to r th  E d d y  Peak mine. 

Argi l l iza t ion  

Clay a l t e r a t i o n  of fe ldspar  i s  common throughout  the  study  area. 

Hypogene a l t e r a t i o n  of fe ldspar  i s  gene ra l ly   r e s t r i c t ed   t o   rocks   c lose  

t o  fau l t s  or intrusive  contacts  whereas  supergene  alteration  occurs over 

a wider  area.  Local  bleached o r  argi l l ized  zones are ad jacent   to  fault  

zones o r  next  to  mafic o r  white  rhyolite  dikes a t  the  surface.  

The most i n t ense   a rg i l l i c   a l t e r a t ion . i . 5  a zone 400 f e e t   e a s t -  

west by 750 feet   north-south i n  sec. 21, 'T. 3S., R. 3W., 1.5 miles  south- 

e a s t  of North Ijaldy Peak (Fig. 24). The nort.hwcst-trending  zone is : 

almost   ent i re ly  w i t h i n  t he  middle  Spears  Formation. The presence o f  

boxwork s t ruc tu res   a f t e r   py r i t e  a s  wel l   as   goe th i te   s ta in ing   of   the  rock 

ind ica te   there  was a high amount of iron  sulfide  present  before  oxi-  

dation. The ac id ic   so lu t ions   resu l t ing  from the   ox ida t ion   of   the   pyr i te  

may have r e su l t ed   i n   c l ay   a l t e r a t ion  of the  rocks.  

Se r i c i t i za t ion  

S e r i c i t e   a l t e r a t i o n  of fe ldspar  i s  common in   t he   i n t rus ive   and  

volcanic  rocks i n  the  study  area,  The whi te   rhyol i te   d ike , s ,   in   par t ic -  

u la r ,   a re   charac te r ized  by a quar tz -ser ic i t ic  groundmass  and quartz- 

s e r i c i t e  replacement  of  the  feldspars. As much as 0.5 percent   pyri te  i s  

associated wi th  the   quar tz -ser ic i te   a l te ra t ion .  The associat ion of 
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white  rhyolite  dikes  with  the exposed s tocks  and  the  suggest ion  that  

they  used  the same conduits as the  mineralizink and a l t e r ing   so lu t ions  

would argue  for  t h e  a l t e r a t i o n   t o  be hydrothermal. 



4 

ECONOFEC GEOLOGY 

The study  area  overlaps by p mile  the  southeast  corner of the  

Xagdalena  mining d i s t r i c t ,  which  produced  over $52 mi l l i on   i n   z inc ,   l ead ,  

copper and s i l v e r  (Chapin and others,   in  prepara.t ion).  Most  of the  

production came frorn limestone  replacenent  deposits i n  t h e  Kelly Lime- 

stone  adjacent  to t h e  southern  exposure of the  Oligocene  stocks and 

adjacent  to  the  Late  Oligocene  north-northwest-trending  fault zone 

wherein l i e s   t h e  main ore  zones.  Kost  of  the  copper  ore was produced. 

from the  northern  part  of  the  Eagdalena mining d i s t r i c t  between t h e .  

Mtt stock and the town of Kelly.  Zinc-lead  replacement  deposits  occur 

. .~ 

along  the  north-northwest main ore zone i n  t h e  Linchburg  mine, 2 miles 

south of any  ex-psed  stock. 

The presence of a buried  stock  underlying  the  southern  portion 

of the   d i s t r ic t   has   been   pred ic ted  f o r  many years  (Loughlin and 

Koschmann, 1942, Ti t ley ,  1958, and Aust in ,  1960). One of the  purposes 

fo r  mapping i n   t h e   c e n t r a l  Nagdalena  :,Iountains was t o   be t t e r   eva lua te  

the   poss ib i l i t y  of the  presence of a buried  stock in   the   southern  Kagda- 

Lena mining d i s t r i c t .  The presence of another  mineralizing  center i n  

the  southern  portion of t h e   d i s t r i c t  would make limestone  replacement 

deposi ts  o r  a porphyry  copper   deposi t   def ini te   targets   for   explorat ion.  

Mineral - Occurrence 

Although  mining i n t e r e s t  i n  the   cen t ra l  Ifagdalena  Mountains  began 

i n  1869 (Jones, 1901L,  p. 126), there  has been only  minor  mineral , 

95 
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production.  Smith  (private  report, 1953) repor ted   as  of 19.52 only a 

t o t a l  of 784 tons of ore,  which included  0.21 02. of Au/ton,  2.26'02. 

of  Ag/ton, C.e.1 percent Cu, 7.09 percent Fb,  and 39 percent Zn, being 

produced  from the   cen t r a l  Hagdalena  Kountains. I n  recent   years   there  

has   been  vir tual ly  no mining. The occurrence of mine ra l i za t ion   i n   t he  

c e n t r a l  I,!agdalena Kountains  has  been  briefly  described by Xells  (1918, 

p. 71-74)  and  Lasky (1932, p. 46-53), who ca l led  it the  Xater  Canyon 

mining d i s t r i c t .  

. Mneral izat ion  present   can  be  divided  into four  genetic  types: 

1) zinc,  lead- and copper,  2)  gold,  3) manganese,  and 4) b a r i t e  and 

f l u o r i t e .  The Mater Canyon stock i s  barren of mine ra l i za t ion   a s   a r e   t he  

rocks i n  corkact w i t h  t h e  intrusion.  

The base  metal  deposits  of  zinc,  lead,  copper  and  silver  occur 

as  limestone  replacement  deposits,  primarily i n  the  Kel ly  Limestone 

along  fault   zones.  The reputation of the  Kelly Limestone as the  ore- 

bearing  horizon i n   t h e  Hagdalena  mining d i s t r i c t   r e s u l t e d  i n  nwmrous, 

mostly  non-productive  prospect  pits i n   t he   Ke l ly  Limestone  throughont 

t he   cen t r a l  Kagdalena Fountains. 

Hineral izat ion and a l t e r a t i o n   i n   t h e   c e n t r a l  Magdalena Kountains 

are b e s t  developed i n  t he  h'orth  Ealdy Peak area. The Morth Ealdy  Feak 

mine located on t h e  southeast  shoulder of North Ealdy Feak i n  sec. 17, 

T. p.e R. Y,I., (Figure  24,  in.pocket) is developed i n  an  andradi te-~ 

diopside  skarn of the  Kelly  Limestone  with  associated zinc, lead,  and 

copper  sulfides. KO estimate of t he  tonnage  produced i s  avai lable ,  but 

the   ex ten t  of the  workings would indicate  production was minor. The 

skarn  occurs a t   t h e . i n t e r s e c t i o n   w i t h   t h e   n o r t h e r n   f a u l t   o f   t h e  North 
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Fork Canyon f a u l t  zone  and a north-northwest-trending  fault, which i s  

occupied t y  a wkite  rhyolite  dike.  

The E l  Tigre mine i s  located i n  sec. 21, .T. y., R.  3'-J. (Fig. 

24), approximately 1 mile  southeast of North h l d y  Peak. The mine was 

a small scale  operation  developed  along  the  southern  fault  of the   8or th  

Fork Canyon f a u l t  zone.  There i s  no skarn  a l terat ion  present  bu t  silic- 

i f i e d   f a u l t  zones a t   t h e   c o n t a c t  of the Hadera  Limestone  with t h e  

Frecambrian argi l l i te   are   present .   Mineral izat ion  consis ts   of   galena.  

spha le r i t e ,   ba r i t e ,  and rarely  chalcopyri te .  White r h y o l i t e  and l a t i t e -  

monzonite  dikes  are common.in the   a rea   bu t  no major i n t rus ive  body is 

exposed. 

The southermost  exposure of any  appreciable amount of minerali-  

zat ion i s  found i n  the Euckeye mine developed i n  the  Kel ly  Limestone  'and 

loca ted  on the  divide between  Copper Canyon and !dater Canyon i n  see. 27, 

T. 3.5.. R. 7;:. ' ( F i g ,  24). Southeast of t h e  Euckeye  mine. the   Kel ly  

Limestone i s  truncated and downthrown on t h e   e a s t  side of t he  Water Can- 

yon fault zone.  According t o  Smith (private  report ,   l953),   small   pockets 

of ore   confined  to   the Kelly Limestone  were  produced  along f a u l t   a w e s  

i n  t he  Buckeye mine. S i l i c i f i c a t i o n  of  the  limestone is t h e  only alter- 

ation  present.  There i s  only one record  of  shipment i n  191.7 of 53 t o n s  

containing 0.02 02. Au/ton, 2.79 02. Ag/ton, and 5.57 percent  copper. 

No other  records  of  shipments  can be t r a c e d   d i r e c t l y   t o   t h e  Buckeye mine 

although minor production may have  continued.  Except f o r   t h e  Water Gan- 

yon  stock  located 1.5 miles   to   the   nor th  and loca l   whi te   rhyol i te  and 

lati te-monzonite  dikes,  there aTe no major i n t rus ions  i n  t h e  mine area. 
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South of the  Paleo,zoic  exposures,  base  metal  .mineralization is 

almost  absent.  Local  traces of mal.achite a r e  found  along  the  north- 

northwest-trending  faults,  but, become absent i n  the  southern  part  of 

the  study  area.  Kinor amounts of  chrysocolla  are  found i n  prospect 

p i t s  southwest  of  South  Ealdy Peak along  fault   zones,  

Igneous  intrusion and mineralization  followed  the emplacement 

of the  EatilG?oup  during  Late  Oligocene  time, The s tocks   i n   t he  Xag- 

dalena  mining d is t r ic t   pene t ra ted   the   vo lcanic  rocks and may have r i s e n  

t o   w i t h i n  1000 f e e t  of the  surface.  To the south  the Water Canyon s tock  

and  the  buried  stocks  underlying  the  iinchburg-North  Saldy Peak area 

and  North  Fork Canyon stopped  within  the  pre-volcanic rock surface. 

Erosion  has  uncovered  both  the  stocks and the   spa t i a l ly   a s soc ia t ed  

mineralization i n  t he  Xagdalena  mining d i s t r i c t .  However, eros ion   has  

not uncovered the  buried  stocks i n  t he   cen t r a l  Nagdalena  Xountains  where 

only  sparse  mineralization is present.   Kineralization may be  associated 

Kith  buried  stocks and e x i s t  i n  greater  quantity  with  depth 2n the . . 

Paleozoic  rocks  underlying  the  volcanic  rocks i n   t h e   c e n t r a l  Xagdalena 

Nountains. 

Gold  and manganese occur in   the   south   and  east port ion of the 

c e n t r a l  Magdalena Kountains to   the   south  and eas t  of the   z inc ,   l ead ,   acd  

copper  mineralization.  Sil iceous  gold veins  a re .p re sen t  a t  t h e  crest of 

t h e  range 3 miles  south  of  North  Ealdy Peak i n  sec. 31, T. 3S., H. 3W. 
(Fig. 24), The gold o c c w s  a s  a trace  element and loca l ly   a s   specks  less 

than 2 mm. i n  s i z e  wi th in  py r i t e  cubes t h a t  are on t h e   s i l i c i f i e d   w a l l s  

of a white  rhyolite  dike.  
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Reportedly,  gold  has a l so  been mined from the Timber Peak mine 

i n  secs. 4 and 5 ,  T.  bS., R. 3’/1., (I%%. 24) approximately 1.5 miles 

east-southeast  of  South  Baldy Peak. According t o  Jones (1904, p. 127.) 

gold and s i lve r   va lues  were obtained. i n  t he   ea r ly  l9OO’s from limfted 

production  along  fault  zo;?es. The mine i s  l o c a t e d   a t   t h e   i n t e r s e c t i o n  

of the  cast-trending  South Canyon f a u l t  and a north-northwest-trending 

faul t .  No vis ible   mineral izat ion i s  present   bu t   c ross -cu t t ing   s i l i ca  

ve in le t s   wi th   pyr i te   ox id iz ing   to   goe th i te   a re   p resent   and   res t r ic ted  

t o   t h e   I i e l l s  Xesa Formation on the  north  s ide of the  South Canyon fault.. 

The lack of s i l i c a   v e i n l e t s  or goethite i n  t he  younger S i m i l e  Canyon 

formation on the  south  s ide of the  South Canyon f au l t   sugges t s   t ha t  

t h e   s i l i c a  and py r i t e  may have  been introduced  into tn? Hel ls  Kesa 

Formation  before  the emplacement of  the younger Sixmile Canyon volcanics.  

The South Canyon f a u l t  developed a f t e r   t he   ex t rus ion  of the 

Hells Xesa ash flow.  Fumarolic act ivi ty   associated  with  the  terminal  

a c t i v i t y  of the   Hel l s  Nesa ash flow  eruption may have r e su l t ed  i n  t h e  

emplacement o f   s i l i ca   ve in l e t s ,   py r i t e ,  and possibly  gold. It i s  

diff icul t   to   Setermine  whether   the  gold  mineral izat ion was introduced 

during  the  fumarolic  activity  along  the  South Canyon f a u l t  o r  during t h e  

main period  of  Oligocene  mineralization  along  the  north-northwest-trend- 

ing   s t ruc ture .  The mine workings a r e   p a r a l l e l   t o  t h e  north-northwest- 

t rending  s t rccture   suggest ing  that   the   gold  mineral izat ion was locali7,ed 

along  the  north-northwest-trending  fault. 

. .  

Manganese occurrences  are common.in the  eastern and  southern 

por.t ion  of  the  central  P!agdalena Kountains. A number of manganese mi.::es 

davelo1:.d along  north-northwest-trending  structures  occur i n  the  southern 
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half  of the  range as well. A mazganese mine l o c a t e d   i n   s e c .  26, T ,  3S., 

k. y;:. (Fig. 24) of  \,later Canyon produced 8 9  tons  of  over 40 percent 

manganese from 1914 t o  l9lE ( t?el ls ,  1918, p. 72). The ore  i s  mostly waci, 

bu t  a lso  contains  some psilomelane and manganiferous  c$lcite. The mine . 

i s  developed i n  a block of Timber Peak rhyolite  surrounded  by  Popotosa 

Formation d e b r i s   f a l l e n  from the  overhanging c l i f f s .  The mineral izat ion 

was emplaced along a Late Cenozoic  northwest-trending f a u l t   t h a t   d i s -  

placed  the  Fopotosa  Formation  southeast of the  \,!ater Canyon mine. If t h i s  

in te rpre ta t ion  i s  correct,  then’  the manganese mineral izat ion i s  younger 

than  the main perioj   of  Late Oligocene  mineralization. The younger age 

corresponds  with  Pliocene  dates  for manganese mineralization  obtained 

by  Neber (1971) i n  the L u i s  Lopez manganese d i s t r i c t   l o c a t e d  i?l the 

Chupedera  Kountains, 10 miles   east  of the Nagdalena  3!ountains. Only more 

de ta i led  mapping and correlat ion of dated  events w i l l  he lp   t o   de t e rmine  

whether  both  areas were affected  by  the same period  of manganese mineral$.- 

z:!tion. 

Earite  occurs  along f a u l t  planes  throughout  the  central Hagda- 

lena l!ountains. 3 a r i t e  i s  most comvon i n  the North Ealdy Peak m e a  

where it i s  associated w i t h  minor  amounts  of f l u o r i t e .  IEinor amounts 

of  barite  occur  along  Late  Oligocene  faults and the   wa l l s  of w h i t e  

rhyol i te   d ikes  sou th  of the  Paleozoic  exposurcs. i3arite veins,  as wide 

a s  3 f e e t ,  2nd quartz  veinlets  occur  along  the  Water Csnyon f a u l t  zone. 

Controls - of Nineralization 

The f ac to r s  which controlled  mineralization i n  t he   cen t r a l  

Magdalena  Xountains we:*e the  same that   affected t h e  Xagdalena  miping 
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d i s t r i c t .  A' reviex of these   fac tors  is now presentt.,? i n  o r d e r   t o   a i d  

futura  mineral   exploration. 

The age of,  mineralization i s  Late' 01igOCenO \.ased on i t s  as- 

soc ia t ion   wi th   the   28   to  30.5 m.y. stocks i n  t h e  i"I+::,lalena Mountains. 

IGneral izat ion,  w i t h  the  possible  exception of  mangcrrtwse, was the last  

e v e n t   t o   a f f e c t   t h e   a r e a   p r i o r   t o   t h e   u p l i f t  of tho   kgddlena  I4ountains. 

Chapin  (1971-a) reported a younger period of lead-sl lver   mineral izat ion 

cu t t i ng   t he  23.8 n.y. La Ja ra  Peak Formation i n  the  southern Xear  Nom- 

ta ins .   This  second  period of mineralization  appears  to  be  minor,   and 

the re  i s  no evidence of i t  af fec t ing   the  Magdalena Xountains. 

.Wineralization  occurs  primarily  as  limestono  replacement  deposits 

in.the  Rississippian  Kelly  Limestone,  the first favowble  horizon  above 

t h e  Precambrian  rocks  conducive t o   s u l f l d e  minerali::nt,ion. The over- 

lying  Pennsylvanian  quartzites,   shales,  and l imes tonw  loca l ly   conta ined  

minor o re  and may have acted as a r e l a t i v e l y  inlpermtvthle capping  forcing 

the   so lu t ions   t o  move l a t e r a l l y  through  the  Kelly  Llwstone. 

The mair. s t ruc tu ra l   con t ro l  was the  Late Olit:ocene, north- 

northwest-trending  fault  zone which control led t h e  eanplacement of t h e  

Oligocene  stocks and dikes  and  provided  the  conduits  for  the  ascent of 

the  hydrothermal  solutions, The stocks  intrude t h e  north-northwest- 

t rending   fau l t  zone  and are   no t   fau l ted  by it. In t rus ion   in to   the   nor th-  

northwest-trending zone  caused the  norther ly   a l ignnont  of the  s tocks i n  

t h e  Plagdalena m i n i n g  d i s t r i c t  (Loughlin  and Koschmann, 1942, p l a t e  2 )  : 

and t'..c N, 10' 3. alignment  of  dike  rocks,   particularly t h e  whi te  r h y o l i t e  

d i k e s   t h a t   a r e  common i n  t h e   c e n t r a l  Kagdalena EoUntn-l.ns; The main ore  

zone  containing  zinc-lead  mineralization i n  the  Lincht,urg mine, 2 miles 



102 

south of the exposed  Oligocene  stocks,  para.llels  the  north-northvest- 

trending  structure.   Other  pre-existing  structures  such  as t h e  X. '80 '2. 

North  Fork Canyon s t ructure   appear   to  have aided i n  stock and dike 

emplacement. 

0 

The spa t ia l   assoc ia t ion  of the  mineralization  with t h e  Oligocene 

stocks  demonstrates  the magmatic control  of  ore  deposition.  Future min- 

eral   exploration  should  be  directed toward the  f inding  of more s tocks 

because of possible   mineral izat ion  in  t h e  adjacent  bedrock o r  i n  t h e  

i n t r u s i o n   i t s e l f .  

Eased on these  controls   cer ta in   guidel ines   can be used t o  de- 

f i n e  areas  underlain by these  stocks.  The north-northwest-trending 

s t r u c t u r a l  zone cont ro l led   the  emplacenent  of the  s tocks and explorat idn 

should be  carr ied  out   a long  this  zone f o r  potential  bu-ried  stocks. 

White rhyolite  dikes,   because of t he i r   spa t i a l   a s soc ia t ion   w i th  ex- 

posed stocks i n  t i e  Kagdalena  mining d i s t r i c t  (Loughlin  and Xoschmann, 

194.2, p l a t e  Z ) ,  nay  be  surface  indicators o f  buried  stocks. 

Alteration  of  the  volcanic and  sedimentary  rocks can be as- 

cr ibed  to   the 'exposed o r  postulated  buried  intrusions.   Propyl i t ic  

a l t e r a t i o n  i s  hidespread in   t he   Spea r s  Formation i n  t he  Elagdalena min- 

i n g  d i s t r i c t   b u t  becomes more restricted  along  the  north-northwest- 

t r end ing   s t ruc tu res   i n   t he   cen t r a l  Magdalena Kountains.  This  decrease 

i n  a l t e r a t i o n  i n  t h e   c e n t r a l  Nagdalena  F!ountains could  s ignify  dis tance 

from the  source  area o r  contrasting  rock  types.  Jasperoid  replacement 

of  the Kelly Limestone i s  common i n   t h e  !.iagdalena mining d i s t r i c t   b s t  

i s  present   on ly   in   the  Korth  Ealdy Peak area o f  t h e  centrali.:agdaIena 

Kountains. !he Precambrian a r g i l l i t e  exposed i n  sec. l e ,  T.  x., R. 3!. 
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i s  p a r t  of a north-northwest-trending  horst  block  $hat i s  almost t o t a l l y  

replaced by s i l i c a .   T h i s  i s  the  most complete a l t e r a t i o n   o f   t h e   a r g i l -  

l i t e  anywhere i n  t he  Plagdalena Kountains.  Farther t o   t h e   s o u t h ,   s i l i c a  

veins  trending  north-northwest  cut  the  volcani.cs  and  locally  totally . 

replace  them,(sec. 17, T. 3S. ,  R .  3W.. 0.5 ni le   southeas t   o f  Xorth Ealdy 

Peak,  Fig. 24). S i l i c i f i c a t i o n  becomes 1ess .connon  far ther   to  t h e  south. 

. .  

S i l i c a t i o n  i s  possibly  another  indicator  of a buried  stock. 

Pyrometasonatic  deposits  occur  adjacent t o  north-northwest-trending 

s t r u c t u r e s   i n   t h e  Linchburg-Morth Ealdy Peak area,  2 t D  3 miles  south  of 

t he  exposed  stocks i n  t he  Hagdalena  mining d i s t r i c t .  The pyrometasomatic 

d e p o s i t   i n   t h e  Linchburg mine north of the  study  area and a small  skarn 

deposi t  on the  southeast  limb of  North  Baldy  Peak suggest a possible 

loca l   source   for   the   a l te r ing   so lu t ions .  Hoth depos i t s  may be  the re- 

s u l t  of  hydrothermal  solutions  emitted from an intrusion  underlying  the 

Linchburg-Eorth  Baldy Peak area.   East  and south  of  the  Linchburg-Eorth 

Baldy Peak a r e a   s i l i c a t i o n  i s  absent. Iiowever, s i l i c i f i c a t i o n  i s  pre- 

sen t  i n  these  areas  suggesting a greater   dis tance from t h e  source  of t h e  

a l te r ing   so lu t ions .  

. .. ,.. 

Zinc-lead-copper-silver  mineralization  occurs  predominately i n  

the  northwest  portion  of  the  Hagdalena  Mountains  whereas  gold and 

manganese are  mainly i n  t h e  central:.!agdalena  Mountains. Any zoning 

model i s  complicated  by  the  presence  of  multiple  plutons,  exposed o r  

inferred,   each  of which could  be  the  source  for  local  hydrothermal 

solutions.  Konetheless, a general  zonation  does  appear t o  be  present. 

Most of  the  copper  mineralization i s  ad jacen t   t o   t he  exposed s tocks i n  

t he  Kagdalena  mining d i s t r i c t  w i t h  l oca l ,  minor occurrences  far ther   to  



104 

the  south i n  t he   cen t r a l  Kagdalena  b!ountains.  Zinc-lead  occur i n  lime- 

stone  replacernent  &posits as fa r   south   as   the  Euclceye  mine i n   t h e  

c e n t r a l  Magddena  lcountains.  ?he  areas of greatest   concentrat ion  of  

lead-zinc  mineralization  are  adjacent  to  the  Oligocene  stocks and i n   t h e  

Linchburg mine. Tungsten i s  anomalously  high i n  t h e  v i c i n i t y  of t h e  

Linchbwg mine (Aust in ,   1960)   occurr ing  as   scheel i te   in  t h e  pyrometa- 

somatic  ores  along a north-northwest-trending  fault. I4inor values  of 

gold,occur i n  the  ore  and jasperoid  deposits i n  t h e  Mzgdalena  mining 

d i s t r i c t .  Gold also  occurs i n  s i l iceous  veins   cut t ing  volcanic   rocks 

i n  the   cen t ra l  Xagdalena  Kountains,  peripheral t o   t h e  major  zinc-lead- 

copper d e p o s i t s   i n  t h e  northwest  portion of the   range.   Si lver  i s  as- 

sociated with the  galena i n  the Magdalena mining d i s t r i c t .  Hanganese 

mineralization i s  p e r i p h e r a l   t o   t h e  Kagdalena  mining d i s t r i c t   c u t t i n g  

volcanic  rocks i n  the  eastern and  southern  foothil ls   of  the Magdalena 

Kountains. Some of t he  manganese may be  younger  than  the main period 

of zinc-lead-copper  mineralization  and,  therefore, may represent  a 

separate  period of mineralization. 

. ,. 

Two different   source  areas   for   mineral iz ing  f luids   are   def inaGle 

on the   bas i s   o f   a l t e r a t ion  and  mineral  assemblages. The northern  area 

i s  adjacent   to   the  Nitt stock i n  the Kagdalena  mining d i s t r i c t  where a 

pyrometasonatic  mineral  assemblage  with  associated  sulfide  minerals ex- 

tends from the  Linchburg mine t o  t h e  North Ealdy  Feak  area  overlapping 

i n t o   t h e   c e n t r a l  Kagdalena  Mountains. The Linchburg-P!orth Ealdy  Feak 

area  i s  considered t o  be a continuation of the main o re  zone from the 

XagdaleRa mining d i s t r i c t .   F l u i d s  from a buried  stock  underlying t h e  

Linchburg-Korth Baldjr Peak area rose along t h e  north-northHest- t rending 
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f au l t s  mineral iz ing  the  Kel ly  Limestone  much'the same way as i n   t h e  

northern area adjacent  to t h e  Nitt stock. 

.. 

. .~ .. 



GEOLOGIC HISTOZY 

Precambrian t o  Middle  Cenozoic 
”” 

The deposit ion of impure argi l laceous and quartzose  sediments 

during  Precambrian time was followed  by a regional  metamorphism re su l t -  

i n g  i n  the   format ion   of   a rg i l l i t e  i n  the  Magdalena area. The low-grade 

metamorphism could  have  been a t  l e a s t   i n   p a r t  due t o  t h e  intrusion  of  a 

g ran i t e .   T i l t i ng  of t h e  metasediments t o   t h e   n o r t h e a s t  marked the  end 

of  Precambrian  orogenic  activity. 

1s.opach  and f a c i e s  maps drawn by Kottlowski (1965) show t h a t  

during i;;arly and  Xiddle  Paleozoic time, cen t r a l  New Kexico was a pos i t i ve  

area. It i s  presurned t h a t  t h e  extensive  erosion  and  levelling of t h e  

Precambrian terrain  took  place  during t h i s  time. A narine  basin ex- 

i s t ed   i n   sou thwss te rn  Xew Mexico during  the  Early  and Hi&dle Paleozoic, 

but not  u n t i l  t h e  Kississippian  Period did shallow  epicontinental   seas . 

transgress northward  across  the Magdalena area, deposi t ing  the Kelly 

Limest0r.e (hrmstrong, 1963). F o l l o i ~ n g   t h e   d e p o s i t i o n  of the Kelly Lime- 

s tone,   Hississ ippian seas withdrew  toward the  south,   al loxing wide- 

spread erosion  to  occur  during  Late  Nississippian  to  Early  Pennsylva- 

nian t ine,  

The geography of  west-central h’ew !,lexica changed g rea t ly  i n  

Pennsylvanian time (Kottlowski, 1965). Seas  transgressed  from  the  north 

depositing  marine  limestone,  quartzose  sandstone,  and  shale  of  the t4ag- 

dalena Group. The 2350 foot   thickness  of Magdalena  Group i n  t h e   c e n t r a l  

Kagdalena  Kountains  suggests  that  the Lucero-San  biateo Easin was one 
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large,   north-trecding channelway instead of two d is t inc t   bas ins   separa ted  

i n  t he  Magdalena a r e a   a s  proposed  by  Kottlowski (1965). I n  Early Perm-i- 

an  time, terrestrial   sedimentation  ensued  with  the  deposit ion of red 

sha le ,   s i l t s tone  and sandstone of the Ab0 Formation. 

Eo sedimentary  record of Kesozoic s t r a t a   e x i s t s  i n  t he  Kagdal’ena 

Hountains.  Lithofacies and isopach maps (Kottlowski, 1965) ind ica te  

tha t   La te  Permian, T r i a s s i c ,  and Late  Cretaceous  strata were deposited 

i n   t h e  Magdalena area,   but  erosion  during Mesozoic  and Tertiary  t ime 

has removed them, 

The Kagdalena area i s  s i tua ted  on the  northwest  f lank of a 

major  Late  Cretaceous-Early  Tertiary  uplift  (Chapin, and others ,  i n  

preparation).  The out l ine  of t h i s  major Laramide uplijCt,is  pooaly known 

and i s  determined  by  locating  areas where the  Eocene Oaca Formation 

ove r l i e s   t he  Upper Cretaceous !a!esa Verde Group. Using t h i s  evidence, 

present   data   indicate  t h e  major Laramide u p l i f t  i s  hordered t o  t h e  

north i n  the   Joyi ta  llills, t o   t h e  west i n  southern  Gallinas Range, t o  

t h e   e a s t  i n  the  Socorro  Mountains and to   the   south  on the  southwest 

f lank of the San  Mateo Mountains  (Chapin, and o thers ,   in   p repara t ion) .  

Upl i f t  and t i l t i n g  of t he  Kagdalena area  during  the Laramide 

orogenywre  followed  by  erosion  and  beveling  of  the  area:during Eocene 

time. The removal  of t he  Ab0 Formation i n   t h e  \,later Canyon area and 

the  var iable   thickness  of t he  Madera Limestone resu l ted  from erosion 

during Loccne time. 

Cenozoic  volcanism  began i n   t h e  Magdalena area  during  Early 

Oligocene  time  with  the  deposition of Spears  Formation,  the  basal u n i t  

of t h e  D a t i l  Group, approximately 37 m.y. ago. The lower member is a 
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volcanoclastic  deposit  consisting  entire1.y  of  debris  derived from 

l a t i t i c  ar.d andesitic  flow  rocks  of  the I.!ogollon Plateau  volcanic piro- 

vince  to   the  south and  southwest.  IRbrication  directions  taken from 

c l a s t s   o f  Abo Formation  within  the  unit   indicate a d i rec t ion   of   t rans-  

por t  from the  southwest. The deposit ion of the  porphyrit ic  andesite 

flow, which i s  the  middle'memhr of the  Spears  Formation i n  t he  Eagda- 

lena  area,   represents  a temporary  break i n  the  sedimentation  process 

t h a t  was renewed again i n   t h e  upper  Spears  Formation. The l a t i t i c  

volcanic  rocks i n  t he  upper  Spears  Formation  represent  the first em- 

placement  of  ash  flows upon the Hagdalena area.  

Following  the  deposition  of  the  upper  Spears  Formation, a 

N. 80 V,-trending  fault  zone  developed, ca l led   the  North  Fork Canyon 

f a u l t ,  which uplifted  the  northern  portion  of t h e  Magdalena Kountains 

by 1400 f e e t .  The emplacement of the  ! iells  Nesa Formation  followed  the 

formation  of  the  Iiorth Fork Canyon f au l t .   Quar t z   l a t i t e   a sh   f l ows  !,I' f '  

probably moved northward  from a source  located  south  of  the.study  are2 . 2",. <' ,I 

and possibly  overlapping  the  southeast   portion  of  the  central  !,!agdalena 

1.lountains i n  the   a rea  between Timber Peak and Ruck Peak (Pig. 3). The 

Hel l s  Resa  volcanics  f i l led  the  paleovalley  south of t h e  North  Fork Can- 

yon f a u l t  zone,  eventually  covering  the  escarpment. The erosion of t he  

Spears  Formation on the  Upthrown s ide  of the  escarpment  resulted i n  t h e  

deposit ion of volcanoclastic  sediments between the  individual   ash  f lows 

of the   t i e l l s  PIesa Formation. 

0 
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The speculated  source  area  of  the  Hells Kesa  Formation  between 

Timber Fedc and Euck Peak, which i s  covered  by  younger  volcanics, i s  

based on the  following  observations, The rapid  increase i n  thickness 
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of   the  Zells Kesa ash  flows  southward,  from l e s s   t han  200 fee t  west of 

Korth  Ealdy Peak a t  s ee I  18, T.  3K., K. 3!. t o  3850 feet. t h r e e  miles 

south  of icorth Ealdy  Peak,.may  indicate  proximity to   t he   sou rce  i n  t h e  

southern  portion of the  study  area.  The extrusion  of t h e  voluminous  ash 

f l O V 7 S  occurred  along  r ing  fractures which developed i n t o  f a u l t s  follow- 

ing  t h e  col lapse of the  roof  overlying  the Hells Nesa magma chamber. 

The South Canyon fau l t  i s  considered t o  be a r ing  f a u l t  which t runca tes  

t h e  Eells Hesa  Formation  and  allows  volcanoclastics  and  andesite.flows 

of the  Sixmile Canyon andes i t e   t o  fill the  collapsed caldera overlying 

the  source  area  of  the Hells Elesa Formation. 

The lack  of megascopic l inea t ion  i n  the  I je l ls  Mesa Formation ex- 

posed i n   t h e   c e n t r a l  Nagdalena  Mountains  prevented  flow d i r e c t i o n s   t o  

be  determined. However, i n   t he   sou the rn  rear Wountains, north  of   the  

Kagdalena  Kountains, brown (1972) determined  from  flow s t ruc tures  t h a t  

the   source  area  for   the Eells Kesa Formation may have been to   t he   sou th  

of   the town of biagdalena. 

. ... 

The Sixmile Canyon andesi te  was probably  deposited i n  a caldera 

t h a t  forired  by  collapse  along  r ing  faults such as t h e  South Canyon f au l t  

following  the  eruption  of  the  Hells Xesa ash  flow. The  s teep,  unstable 

walls of   the  caldera  underwent  caving  and  avalanching,  depositing and 

f i l l ing   the   ca ldera   wi th   vo lcanoclas t ic   sed iments .  A 'shallow, calm lake  

of limited a e r i a l  extent formed during t h i s  t ime  on  the  caldera  f loor 

deposi t ing minor  l imestone.  Kost  of  the  f i l l ing  of  the  caldera,  however, 

was the   resu l t   o f   the   depos i t ion  of andesitic  flows.  There i s  no 

evidence  for  resurgency i n   t h e  1':ells Kesa caldera. 

P 
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Fyroclastic  volcanism i n  the c e n t r a l  ?,fagdalena Fountains was 

renewed w i t h  the  emplacement  of the  Sawmill Canyon formation,  and was i n  

par t   der ived from a source  area  located i n  the  northern  San Mateo Foun- 

tains,   southwest  of  the Magdalena Kountains  (Deal  and Rhodes, i n  p ress ) .  

I n  t h e   S a r n i l l  Canyon area  of  the  central  and  southern  Kagdalena ?!om- 

t a ins ,   t he  Sami l l  Canyon formation i s  exposed  over a l a r g e  area and  in- 

c reases   g rea t ly   in   th ickness .  The d i p  of  the  Sawmill Canyon formation i n  

Sawmill Canyon v a r i e s  from 45' east t o  nearly ve r t i ca l   and   t he   s t r i ke  i s  

general ly   north,  The widespread aerial  d i s t r ibu t ion ,   t he   g rea t  thick- . 

ness,  and  the  steep  dips  of  the  Sawmill Canyon formation  could  indicate 

another  source  area  located.in  the  southern Magdalena I.:oun?.ains and over- 

lappino, i n t o  t h e  southwest.ern  portion of t he   cen t r a l  Magdalena Fountains 

between Langmuir Laboratory  and Tjmber  Peak ('Fig. 3 ) .  

I,[, r '? , 
3 

Following t h e  emplacement of Sawmill Canyon formation,  the  South 

Canyon f a u l t  between Timber Feak  and  South  Baldy  Peak was reac t iva ted  

and downdropped t h e  area  south of the  f au l t .  Andesite  lava flows coupled 

with  minor  ash  flow t u f f s  and  volcanoclastic  sedimentary  rocks  coxposing 

the  South E d d y  Peak a n d e s i t e   f i l l e d  t h e  depression  south  of   the ' react i -  

vated  South Canyon f a u l t .  The South  Faldy  andesite may have  been de- 

p o s i t e d   i n  a caldera  formed by the  col lapse  of   the  roof  overlying  the 

Sawmill Canyon formation magma chamber located  in   the  southwest   port ion 

o f   t he   cen t r a l  Xagdalena  Yountains  and i n t o  t h e  southern IHagdalena Noun- 

t a ins .  

The f ina l   pyroc las t ic   event   tha t   e f fec ted  t h e  c e n t r a l  Hagdalena. 

hountains was t h e  emplacement  of t h e  Timber Peak rhyol i te ,  whose source 

a rea  i s  i n  the  b!t. Withington area of the  northern  San  Hateo  Nountains 
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(]Seal and Iihodes, i n  press).  During Late  Oligocene  time  the  central 

Kagdalena  Nountains  were  faulted and t i l t e d  along a north-nor'thvest- 

trending zone along which dikes and stocks  intruded.  These  stocks  range 

i n  age from 28 t o  30.5 m.y. giving a minimum age for   the  formation of 

t h e   f a u l t  zone as   wel l   as   the  cessat ion  of   pyroclast ic   volcanism.  A s -  

sociated w i t h  the  Oligocene  igneous  activity was the  mineralization  and 

a l te ra t ion   tha t   a f fec ted   the  l,!agdalena mining d i s t r i c t  and t h e   c e n t r a l  

Kagdalena  Fountains. 

- Late Cenozoic 

The Late Cenozoic geologic  history of the Magdalena  I*loun'iains 

can best  be  determined  by  the  depositional and post-deposi t ional   his tory 

of  the  Popotosa  Formation. The Popotosa  Formation r e su l t ed  from t h e  

erosion of the  highlands,  producing  the  bordering  coarse-grained sedi- 

ments 'of al luvial  fan deposits  intertonguing  with  the  f iner-grained  sedi-  

ments  of  playa  deposits  (Fig. 25). The or iginal   szze and shape  of t h e  

Fopotosa  Pasin  can  be  only  partially  reconstructed,  but  according t o  

Eruning (1973, p. 108), it extended  north-south a t   l e a s t  30 miles  from 

the  Nagdalena  Mountains t o   t h e  Ladron  Kountains  and a t  l e a s t  35 miles i n  

an  east-west  direction. The deposi t ion of the  Popotosa  Formation  began 

about 24 m.y. ago during  the emplacement of the La Jara Peak  Formation i n  

the  Bear  I,!ountains  and ceased in   the  Socorro Peak area   before   the  ex- 

t rus ion  of flows approximately 11 m.y. ago. 

The or ig ina l  Fopotosa  Easin was modified  by u p l i f t  of  the  ancos- 

t ra l  Magdalena 1.iountains during  the  time of Yopotosa deposit ion.  Uplift 

of the   ances t ra l  i-:ao,dalena Kountains  began a f t e r   t h e  emplacement, of t h e  
. . .- ... 
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(]Seal and Iihodes, i n  press).  During Late  Oligocene  time  the  central 

Kagdalena  Nountains  were  faulted and t i l t e d  along a north-nor'thvest- 

trending zone along which dikes and stocks  intruded.  These  stocks  range 

i n  age from 28 t o  30.5 m.y. giving a minimum age for   the  formation of 

t h e   f a u l t  zone as   wel l   as   the  cessat ion  of   pyroclast ic   volcanism.  A s -  

sociated w i t h  the  Oligocene  igneous  activity was the  mineralization  and 

a l te ra t ion   tha t   a f fec ted   the  l,!agdalena mining d i s t r i c t  and t h e   c e n t r a l  

Kagdalena  Fountains. 

- Late Cenozoic 

The Late Cenozoic geologic  history of the Magdalena  I*loun'iains 
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C O L O R A D O  P L A T E A U  . 

Mopdoleno Peak v o I c o n i c s  

Figure 25. Vest-central Keu l,!exico during l.!iddle t o   L a t e  t4iocene  time 

t h e  Popotosa Formation  according t o  Sruning (1973). 
showing t h e  d i s t r ibu t ion  of volcanic rocks and  fac ies  of 
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La Jara Peak Formation. Detr i tus   der ived from the  dip  s lope of  La Sarz 

Peak Fomation  capping  the  north end  of  the  Pagdalena  [Nowtains was shed 

north and west  forming  the  distinctive  fanglomerate  of Dry Lake Canyon, 

a fac ies   o f   the  Popotosa  Formation  (Eruning, 1973, p. 94). A long  peri-  

od of  erosion  ensued  unti l   f inally  the Xagdalena  1,iountains  were buried 

beneath  their  own debris.  Rhyolite  lavas from a vent a t  1k.gdalena Peak 

overlie  fanglonerates of the Popotosa  Formation  west  of t h e  Eagclalena 

Hountains  (Fig. 25). These 14 m,y. flows (Weber, 1971) sugges t   tha t  de- 

gradation of the  Kagdalena  Nountains  occurred a t   l e a s t  up u n t i l   t h a t  time, 

Following the  deposit ion of the  Fopotosa Ii'ormation i n  Ieiocene 

time,  west-central New Nexico  underyent a tec tonic   ad jus tment   a f te r   the  

. cessat ion of vo lcanic   ( . c t iv i ty   in   the   Socorro  Peak area about 11 m.y. . .  
(Fig. 26) .  The or ig ina l  Popotosa  Easin was subsequently  disrupted by a 

number of   intrabasin  horsts  such as the Magdalena Nountains,  the  Eear 

Mountains,  and the  Socorro-Lemitar !.!ountains. 

Upl i f t  of the  Xagdalena  Kountains may have  begun shor t ly  after 

tihe emplacement  of the  14. m.y. Magdalena Peak rhyo l i t i c   l avas ,  and 

almost ce r t a in ly  after the  llrn.y.  Socorro  Peak.lavas. The e n t i r e  Popo- , .  

t o sa  Formation was removed from the  northern 14agdalena Nountains  exposing 

Paleozoic and Precambrian  rocks. The north end of  the  Nagdalena Xoun- 

t a i n s  was located z t . least  as far north as Bear  Springs  canyon  along  the 

east s ide of the  present Dear Nountains  (Eruning, 1973) b u t  was down- 

faul ted  north of U S ,  Highway 60 along  the San Augustin  lineament 

(Fig. 26) 

Continued u p l i f t  i n  Pliocene and Quaternary time has  allowed  the 

erosion of m w h  of the  Popotosa  Fornation i n  t he   cen t r a l  Magdalena 

. .... . .  . .  
.r., . . ' . , , ~ ..'I.?.. : . ' . . -.. , 
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Figure 26. The m j o r  Late  Cenozoic  structural   trends  which  influenced 
. the  formation  of  the Fiolocene physiography  of  west-central  

Ke7.r i.;exicor---i;ata outside t h e  E?gddalcria area compiled  fro? 
Eruning (1973)  and Ch;ipin, and o t h e r s   ( i n   p r e p a r a t i o n ) .  



Kountains. The fanglomerates, which crop o u t  het%zeen South Eildy Peak 

and Langmuir Laboratory,  and a t  Ciater Canyon Piesa, represent   the  rem- 

nants of the  Popotosa  Formation. The Popotosa  Formation i n   t h e  central 

Piagdalena  Mountains has  been  greatly  reduced i n  volumne and a e r i a l  ex- 

t e n t . .  Upl i f t  of' the  Xagdalena Kountains  since  Pliocene  time  along 

basin-rar.ge  faults  has  been  as much a s  5,000 f e e t   i n   e l e v a t i o n   . r e l a t i v e  

t o  the  bordering  basins. 



LATE CEROZOIC TECTONIC SETTING 

The purpose of a physiographic  classification i s  the  ready 

character izat ion of large  areas  for  identification,  comparison, and con- 

t r a s t .  Such a c l a s s i f i ca t ion  i s  based on geologic  structure and geo- 

morphic  stage. A physiographic  classification t h a t  does  not   set   an  area 

i n t o  i t s  cor rec t   s t ruc tura l  o r  topographic  sett ing  defeats i t s  purpose. 

If the  physiographic  province  includes  areas of s t rongly  contrast ing 

s t ruc tures ,  it becomes misleading. 

\*Jest-central New Kexico has  been  divided  into  the  Colorado 

Plat.eau  physiographic  province and the Mexican 17ighland section of the  

Easin  and Range physiographic  province  (Eardley,  1962). The Kagdalena 

Itountains  are  located  within  the  Easin  and Range ,physiographic'prov- 

ince  and are   ad jacent   to   the   eas te rn  edge  of the  Colorado  Plateau 

physiographic  province. The Easin and Range province i n  west-central  

New Nexico i s  characterized by generally  north-trending  mountain  ranges 

and basins  forming a s t ruc tu ra l  and topographic  depression known as 

t h e  Rio Grande graben. 

Colorado  Plateau 

The Colorado Plateau  province i s  located west and north  of  the 

Kagdalena  Kountains and occupies a rectangular  area of almost l 5 O , O O O  

square  miles w i t h i n  northwestern Cew Xexico, northeastern  Arizona,  south- 

eastern  Utah, and southwestern  Colorado. The Colorado  Plateau i s  char- 

acterized  by  flat-lying  sedimentary  rocks  greater  than 10,000 f ee t   t h i ck  
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and i s  bordered  on a l l  s ides  by belts  of  Cretaceous  and  Early Tertiary 

f o l d s  and t inrus ts  (Gil luly,  1963, p. 156). 

Fitzsimmons  (1959)  differentiated t h e  Colorado  Plateau  province 

of west-central Kew Nexico i n t o   t h e  Lucero u p l i f t ,   t h e  Alcoma embayment, 

and the  Nogollon  slope  (Pig. 27) .  The  Mogollon slope i s  not  a s ing le  

geomorphic feature but  i s  r a the r  an area of individual  ranges,  5ncluding 

the  Gallinas  Hountains  and  the San hlateo  Fountains. 

All of west-central i?ew Mexico underwent a similar tec tonic  

development  through  the  Kiddle Tertiary, including t h e  emplacement of 

Oligocene  volcanics  and  intrusives.  Eeginning i n   L a t e  Cenozoic time, 

the  present  physiographic  separation of west-central Kew Xexico r e s u l t e d  

from  the  Colorado  Flateau  acting as a r e l a t i v e l y   s t a b l e  crustal  block 

while   the Easin and  Range’  province  underwent’ d i f f e r e n t i a l  movement and 

block  fault ing.  

Easin  and Range Province 
” 

The Easin and Range province  has become the  type area f o r  a 

s t ructural   pat tern  comonly  cal led  basin-range or fault-block  structure.  

What i s  commonly r e f e r r e d   t o  as the  Easin and Range type   o f   s t ruc tures  

i s  actual ly   only one of var ious  types of structures  found i n  t h e  prov- 

ince. Kountain  rapges  resulting from s t ruc tura l   an t ic l ines   wi th   ad ja -  

cent   basins   being  s t ructural   syncl ines  are also  present .  Domal 

in t rus ions  formed other  mountain  ranges.  tiorst  and  graben  type  of 

s t ruc tures   charac te r ized   par t icu lar ly  by the  Rio Grande graben  occur 

within  the  Easin and Range province. From the  diverse   s t ructure   present ,  
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Figure 27. I~iajor  physiogl*aphic  features w i t h i n  the  Colorado  Flateau 
and the  Rio Grande graben of west-central New BIexico.--Data 

Chapin, and others   ( in   preparat ion)  and  Fitzsimmons (1959). 
outside  the biagdalena area compiled  from  Bruning (1973). 
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the  tern  Pasin and Flange t ru ly   descr ibes  a gross  physiographic  aspect, 

and no general  explanation of the  s t ructure  i s  possible. 

Historical   Sketch 

The origin  of  the  Easin and Range topography and i t s  structural 

implications have long  been  debated among geologist .  King  (1870) i n t e r -  

preted  the mountains i n  Nevada and western Utah a s   e r o s i o n a l  remnants  of 

Late  Jurassic  folds.  Iie assumed tha t   the  mountains  of t h e  F,asin  and 

Range province  were  similar to   those  i n  the  Valley  and  Ridge  province of 

the  Applachian  Hountains i n  appearance,  but he a t t r i bu ted   t he   d i f f e rences  

i n  topography t o  di€ferent  cl imate  conditions under  which the  two moun- 

t a i n   a r e a s  developed. 

G i lbe r t  (1874)  concluded from t h e  geomorphic . .  evidence i n  Nevada 

and western  Utah  that  the  mountains  are  bordered on one 'o r   bo th   s ides  by 

f a u l t s  and have  been raised  and/or  rotated above the  intervening basins 

i n  relatively  recent  geologic  ' time, He infer red   tha t   bas in  and Range 

topography was caused d i r e c t l y  by Late Cenozoic fau l t ing ,   the   e f fec ts   o f  

which a r e  s t i l l  manifest . i n  the  modern landscape. Davis (1903)  supported 

Gi lbe r t ' s   t heo r i e s  and systematized  observations €or the   recogni t ion  of 

an   a rea ' s  geomorphic stage of  developxent. 

The genesis of the  mountain ranges i n  t h e  Kexican  Highland  sec- 

t i o n  of the  Easin and Range province i s  equal ly   controversial .  Cserna 

(1969)  considerec!  the overwhelming majority o f  t h e  mountain  ranges i n  the 

north-central  Chihuahua t o  be cornplex anticlines  whereas  the  intermontane 

bas ins   a re   sync l ines   f i l l ed  w i t h  La te   Ter t ia ry   sedhents .  fie noted t h a t  

map evidence i s  scarce   to  prove the  presence of faulted  blocks. However, 



* 
120 

Yuan (1962) characterized  the  Easin and Range province  of  Arizona  and 

iiew I+xico a s   f au l t ed  mountain  ranges  separated by s t ruc tu ra l   t roughs  

developed  since  post-Pliocene  time. He suggested  the  presence of 

erosional   surfaces  i n  correlatable  layers  across  the  San  Pedro River i n  

southeastern  Arizona  and  the  Rio Grande i n  New Xexico ind ica t e   t he  

t e c t o n i c   i n s t a b i l i t y  and a c t i v e   u p l i f t  of the  Rasin  and Range province. 

Rio  Grande  Graben 

The Rio  Grande  graben i s  t h e  dominant feature   of  t h e  Basin and 

Range province of west-central  Eew Kexico. The Rio  Grande  graben i s  a 

s t ruc tu ra l ly  and topographic low area   tha t   d iv ides  h’ew Mexico i n  h a l f .  

It trends  north-northeast  for  about 600 miles from northern Chihuahua. 

Nexico to   no r th  of  LeadviZle,  Colorado  (Chapin, 1971-b). b lock   fau l t ing  

characterizes  the  Eio Grande graben which consists  of  generally  north- 

trending mountain  ranges  and  basins  arranged i n   a n  % echelon manner. 

. ,. 

hryan (1938) described  the  geology  of  the  Rio  Grande  valley  and 

noted   the   o f fse t  of t h e  Miocene Satlte Fe Group by  Late  Cenozoic faults. 

Kellq (1952) showed the  depression t o  be a series of echelon  north- 

trending  grabens  along  the  course of t he  Rio  Grande. I n   c e n t r a l  flew 

Eiexico Kelley (1952) res t r ic ted   the   Rio  Grande  grahen t o  a narrow  con- 

s t r i c t i o n ,  which 2id  not  include  the Magdalena Mountains. 

Chapin (1971-h) noted  that  the  south end  of t h e  Rio Grande graben 

appears   to  widen  and splay  out   into  the  Fasin and Range province  of 

southern New Hexico  and that   the   north end t a p e r s   t o  a narrow depression 

along t h e  upper  Arkansas  Valley i n  Colorado. He suggested  that  t h e  Rio 

Grande  graben may represent  a rift formed  by crustal .   a t tenuat ion as t h e  . 
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Colorado  Plateau moved west-nortnwestward away from the   con t inen ta l  ic- 

t e r i o r .  Eased on f o s s i l s   i n   b a s a l   a l l u v i a l  f i l l  and K-Ar da t e s  on 

interbedded  volcanic  rocks  Chapin (1971-b)  argued t h a t   b l o c k   f a u l t i n g  

began a t  least 18 mi l l ion   years  ago. 

Results of the  author 's   s tudy have establ ished a basis f o r   t h e  

placement  of t he  Eagdalena  Kountains in to   the   Rio  Grande  graben  of t h e  

basin and Range physiographic  province. The Magdalena ?fountains are. a 

north-northwest-trending  uplift formed by Late Cenozoic  block  faulting, . 

approximately 14 m.y. ago. The renewal  of  upli.ft  of  the Magdalena 1-ioun- 

t a i n s  i n  Holocene time i s  suggested  by  scarps i n  t h e  pediment grave ls  on 

the  northeast   side  of  the  range,  the  entrenchecl stream i n  ?dater Canyon, 

and the   s teep   s lopes  and landsl ides .  The ho r s t  i s  bounded  on the  north- 

east by Snake Ranch F l a t s ,  on the  north-northwest by t h e  Eear Mountains, 

and  on  the west by t h e  Mulligan Gulch graben  (Fig.  27). A topographic 

relief of 5,000 f e e t  by t h e  Kagdalena  Kountains i s  t h e  g r e a t e s t   i n  west- 

c e n t r a l  Xew 14exico. 

Other  prominent features i n   t h e  Magdalena area included  wtthin 

t h e  X i 0  Grande graben are the  Eear Mountains, a westward t i l t e d   b l o c k  up- 

l i f t e d  by Late Cenozoic f a u l t i n g  (Frown, 1972). The Snake Ranch F l a t s  

has  been  downfaulted  against  the Eear Nountains  and t h e  Magdalena Moun- 

t a i n s  on t h e  west and the  Socorro-Lemitar  14ountains  on t h e  east. Late 

Cenozoic  sediments  eroded  from  the  neighboring  uplifts  have f i l l ed  t h e  

basin (Gebrine,  Spiegel, and Williams, 1963). Mulligan  Gulch  graben 

separa tes   the  San  Eateo  Kountains  and  the  Gallinas  Piountains on t h e  west 

from the  bear  Mountains  and  Kagdalena  I4ountains on t h e  east (Chapin  and 
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o thers ,   in   p repara t ion) .  The graben was formed by Late Cenozoic fault- 

ing  and contains  sediments  derived from the  bordering  uplifts .  



CONCLUSIONS 

Kississippian  l imestones unconformably overlie  Precambrian 

a r g i l l i t e  and g r a n i t e   i n   t h e  Nagdalena  area.  I:uring  Pennsylvanian time 

a th ick  sequence of quartzose  sandstone,  shale, and l imestone were  de- 

posited i n  the Lucero-San  Plate0 Easin.   Terrestrial   sandstone and silt- 

st0r.e  were  deposited  during  Permian  time. 

Uplif t  and t i l t i n g  of the Kagdalena area  during t h e  Laramide 

orogeny was followed by l eve l ing  of the  highlands  during Eocene time. 

Erosion removed a l l  of the Xesozoic s t r a t a  and l e f t  only  isolated  rem-,  

nan t s  of the Permian s t r a t a .  

Volcanism  began aproxirnately 37 m.y. and  ceased 30.5 m.y. ago. 

Six  dis t inct   volcanic   formations make up the Cat i l  Group and  consist   of 

volcanoclastics,  ash  flows and lava  flows. A source  area for the   h 'e l ls  

Kesa  Formation  ash  flows may overlap  the  southeastern  portion o f  t h e  

c e n t r a l  Magdalena Nountains  and a source  area  for  the  Sawmill Canyon 

formation may overlap  the  southwestern  portion. 

.. ... 

Following the  emplacement of the  youngest  ash  flow,  the Hagda- 

lena  area was fau l ted  and t i l t e d  by a north-northwest-trending zone of 

Late  Oligocene  age.  These  faults  played a major r o l e  i n  t h e  emplacement 

of  the  Late  Oligocene  stocks,  dikes, and served as the   condui t s   for  

hydrothermal  solutions, which a l t e r ed  or mineralized t h e  adjacent  county 

rock. The dikes and stocks may be  the  surface  expressions  of a much 

larger  intrusion  underlying  the  northern and c e n t r a l  Xagdalena E.!ountains. 
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Euried  plutons  including  the  North  Laldy Peak-Linchburg stock 

may contain  mineralization o r  replacement  deposits  adjacent  to them. 

Possible  buried  stocks may be  defined  by a l t e r a t i o n  and mineral izat ion,  

s t ruc tu ra l   con t ro l ,  and  diking.   par t icular ly   the  white   rhyol i te   dikes .  ,. 

The ances t ra l  Kagdalena  Mountains  were  degraded during  Kiocene 

time u n t i l  they were nearly o r  completely  buried  teneath  their own 

debris .  The Fopotosa  Formation i n  the Water Canyon and  South  Ealdy Peak 

areas  are  remnants of a l l u v i a l  fans t h a t  once covered a much wider  area. 

The biagdalena  Xountains  have  been uplifted  approximately 5,000 

f e e t  along  bordering  block  faults. The ?lagdalena  Flountaim a re   w i th in  

the  Easin and Range physiographic  province  and  are  part 'of t he  Rio  Grande 

graben  of  west-central New Hexico. 
. .. 
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