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Thesis  directed by Professor William A .  Braddock. 

The Kelly  mining d i s t r i c t  was one of the  largest   producers  of 

z inc,   lead and copper  in New Mexico. Recent  work on a regional  

bas i s  by t h e  New Xexico  Bureau  .of  Mines  and Mineral  Resources 

has   resu l ted  in s igni f icant   addi t ions   to   the  knowledge  of the  

s t r a t i g r a p h i c  a n d  s t r u c t u r a l   h i s t o r y  of t h e  Magdalena area.  A 

l i m i t e d  mapping  program was unde r t aken   i n   t he   Ke l ly   d i s t r i c t   t o  

apply   th i s  new knowledge i n  a rev is ion  of i n t e rp re t a t ions  made. by 

e a r l i e r  workers i n   t h e   d i s t r i c t .  I 

The oldest   rocks  exposed  in  the  Kelly  district   are  Precambrian 

argil l i tes,  f e l s i t e ,  gabbro and grani te .  The Caloso and 'Kelly 

Formations, of 14ississippian  age, were deposited on the  deformed 

older  rocks.  Disconformably  overlying  the  Kelly  are 600 f e e t  of  dark 

shale interbedded  with  lent icular ,   coarse-grained  quartzi tes  and 

fossi l ferous  l imestones of the  Sandia  Formation. The Sandia  grades 

upward i n t o  the  thick  micr i t ic   l imestones of the  Madera Limestone. 

. .  

New informat ion   ind ica tes   tha t . the  Madera i n   t h e   d i s t r i c t  may have 

a maximum thickness of about 1800 f e e t .  The Madera grades upward 

. i n t o   t h e   r e d   s i l t s t o n e s  and sandstones of the  Ab0 Formation. 

Mesozoic s t r a t a  were  deposited  but were subsequently  eroded. 

Upl i f t   dur ing   the  Laramide  orogen was accompanied  and 

followed by extensive  erosion  during  the Eocene Epoch which resu l ted  

iri a broad,  gently  sloping  surface  underlain  largely by Ab0 

Sandstone.  Downfaulting  along a NE-trending  zone  during  Laramide 4 
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t o  Eocene time  preserved a' thick  sequence  of  Permian  sediments 

j u s t   n o r t h  of t h e ' K e l l y   d i s t r i c t .  

Volcanism  began 37-38 m.y. ago with the   depos i t ion  of a 

thick  sequence of volcaniclast ic   sediments ,  lavas and ash-flow 

tuffs  of  the  Spears  Formation,  followed  by  the  deposition of the 

Hell's Mesa Formation  about 30 m.y.  B.P. Cauldron  collapse 

accompanying the  eruption  of  the Hell's Mesa tuff,was. .centered 

south of the Kel ly   d i s t r ic t .   Faul t ing   a long   the   nor thern   s ide   o f  

tha t   cau ldron   preserved   the   en t i re   th ickness  of t h e  Madera  Linie- 

s tone.  The main p a r t  of t he   Ke l ly   d i s t r i c t  is located  along  the 

margin  of  another  large  cauldron  centered  to  the  west.  Collapse 

of this cauldron  during  the  eruption of one  or more un i t s  of t h e  

29 m.y.-old A-L Peak  Formation formed the  major   s t ructural  

fea tures  of t he   Ke l ly   d i s t r i c t .  A spectacular  megabreccia, formed 

when. subsidence  caused  oversteepening  of  the  caldera  walls, is 

exposed i n   t h e  workings  of  the Waldo mine. A l a r g e   r i n g   d i k e  and 

a t  l ea s t   fou r   s tocks ,  two  of which are here  documented for   the  

first t ime,  intruded  the  marginal  faults of the  cauldron and were 

closely  followed  by a s e r i e s  of  north-trending  mafic  to  rhyolit ic 

dikes.  Large  zinc-lead-copper  orebodies  were formed 'in  limestones 

adjacent to f au l t s   nea r  a l l  of the  known s tocks . '  A thick  sequence 

of   intracaldera   andesi tes   (andesi te  of Landavaso  Reservoir) was 

deposi ted  short ly   af ter .cauldron  col lapse and was  . local ly  capped 

by the t u f f  of Allen  Well and t h e  Upper Tuff (26 m.y.). 

Block f a u l t i n g   r e l a t e d   t o   b a s i n  and range  deformation'began 

a t  l e a s t  26 m.y. .ago and r e s u l t e d   i n   r a p i d   u p l i f t  and t i l t i n g  of 

the range. 



The discovery of a t   l e a s t  two buried  stocks  near known. 

centers  of mineralization.and the presence of a l a r g e  band o f  

diops id ic   skarn   in  Madera limestone bode well for the  discovery 

of new ore   depos i t s   in   the   Kel ly   d i s t r ic t .  

This abs t r ac t  i s  aooroved as t o  form.and  content. _ _  
Signed 

Faculty member i n  charge of t hes i s  

. 

V 
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* 
INTRODUCTION 

Location and Access ib i l i ty  

The Kelly  mining d i s t r i c t  is loca ted   in   the   nor thern   par t  of 

the Magdalena  Mountains in central   Socorro County, New Mexi-co 

(see p l a t e  1). The area  i s  about 27 road miles from  Socorro via 

U.S. Highway 60 t o  Magdalena, thence  southeast  approximately  four 

miles  along  an all-weather d i r t  road t o   t h e  abandoned town of 

Kelly,  which is i n   t h e   c e n t e r  of the d i s t r i c t .   P r i m i t i v e   d i r t  

roads  provide good access t o  most p a r t s  of the   a rea .  

Purpose 

The purpose of this repor t  i s  t o  present a re in texpre ta t ion  

of the geology  of a par t  of the   Kel ly   min ing   d i s t r ic t   u t i l i z ing  

detai led  s t ra t igraphic   information  developed  during  recent   geologic  

s tud ie s  of a r e a s   o u t s i d e   t h e   d i s t r i c t  and to   suggest   areas   favorable  

for  the  discovery  of new ore  deposi ts .  

F ie ld  Methods 

The geology  of the area of study was p lo t ted .on  a topographic 

map of 1:12,000 sca le   us ing   the  Magdalena District , ,New Mexico 

special   topographic map a s  a base.  Contacts and s t r u c t u r a l   f e a t u r e s  ' 

were p lo t ted  as closely as possible,   given  the  l imited  accuracy  of 

the base map. At t i tudes  of the  var ious  planar  and l i n e a r   f e a t u r e s  

measured were taken  with a Brunton compass. Numerous rock  specimens 

were taken and th in   sec t ions   s tud ied   to   de te rmine   tex tura l  and 

P 



a l te ra t ion   fea tures .   Pe t rographicwork  was done on a Zeiss 

research  microscope. This study i s  based on approximately 120 days 

of f i e l d  work  by the  author and about twenty  days of co-investi- ' 

gat ion w i t h  Dr. Charles E. Chapin of the  New Mexico Bureau of 

Mines. This projec t  i s  p a r t . o f  a  geologic  survey  of  Socorro 

County undertaken by t h e  New Mexico Bureau  of  Mines and directed 

by Dr. Chapin. 

Previous Work . 

. The geology  of the  Kel ly   mining  dis t r ic t  was first described. 
. .  

i n  some d e t a i l  by  Gordon (1910, p. 247-248) and Lasky (1932) .  

The most comprehensive  study of the geology and ore   deposi ts   of  

t h e   K e l l y   d i s t r i c t  was made  by Loughlin and  Koschmann (1942). 

Their   descr ipt ions of the  var ious mines of t h e   d i s t r i c t  cannot, 

be  equalled and the  reader  is r e f e r r e d   t o   t h e i r  work f o r   d e t a i l s  

concerning the h i s to ry  and subsurface  geology of the  mine workings. 

. .  



STRATIGWHY 

Precambrian Kocks 

Precambrian  rocks  are  widespread i n  and near  the  Kelly  mining 

d i s t r i c t  and comprise  the  bulk of the  northern  par t   of  the 

' Magdalena Range. Horsts and up l i f ted   fau l t   b locks , form a .  

. .  N 1OoW- t o  N 15°1~7-trending alignment  of  outcrops  through  the 

c e n t r a l   p a r t  o f  t h e   d i s t r i c t   ( p l a t e  1). The Precambrian  rocks 

cons is t  of f i v e  mappable u n i t s  which are, in   o rde r  of relative age: 

a r g i l l i t e  and sch is t ,   ea r ly   gabbra ,   fe l s i te ,   g ran i te ,  and la te  

, gabbro  or  diabase.  These  units are described  briefly  below,  but 

have  not  been  differentiated ,on p l a t e  1. 

A r g i l l i t e  and Schis t  

The a r g i l l i t e  is typically  l ight  greenish-gray,  f ine-grained, 

and thin-bedded. Distinctive  banding, formed by t h e   a l t e r n a t i o n  

of l i g h t  and dark  colored  layers, is v i s i b l e  on weathered.surfaces.  

Small-scale  cross-bedding is common. In outcrop,   the   bedding  s t r ikes  

nor ther ly  and d ips   s teep ly ,   in  many places   being  near ly   ver t ical .  

Small and large-scale  folding is conspicuous  locally. The rock is 

r e s i s t a n t  and  weathers to  angular,  blocky  talus.  Loughlin  and 

Koschmann (1942, p. 8) report   that   the   pr incipal   mineral   cbnst i -  ' ' 

tuents   a re   quar tz  and ser ic i te ,   wi th   subord ina te  amounts of b i o t i t e  

and ch lo r i t e .  Argillite is found as  the  major  rock  type  in  the 

N l O o W  t o  N 15'1J- trending band of  horsts .ahd up l i f t ed   f au l t   b locks  

i n  the central   par . t  'of t he   Ke l ly   d i s t r i c t  and i n  a small  outcrop 
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east   of   Grani te  Mountain. Krewedl c1974) i n d i c a t e d x h a t   a r g i l l i t e  

i s  the  major   rock  type  in  the nor th -cen t r a l   pa r t   o f . t he  Magdalena ? 

Range. 

The s c h i s t , ' a c h  was not  encountered  by the a u t h o r   i n   t h e  

main K e l l y   d i s t r i c t ,  is described  by  Loughlin  and Koschmann (1942) 

a s  micaceous, and ranging  from banded s i l iceous   rock  in the northern 

end of  the Magdalena  Range to   ve ry . sch i s tose  sericitic rock   eas t  

of  Granite Mountain'. The s i l i ceous   va r i e ty  i s  composed of-quartz ,  . 

c h l o r i t e  and muscovite; the very  schis tose  rock is composed of 

quartz and planar-oriented  muscovite. . . ,  

Gabbro and Diabase 

Masses  of  gabbro a r e   i n t r u s i v e   i n t o  the a r g i l l i t e   i n   t h e  

K e l l y   d i s t r i c t  and are   in t ruded  by g r a n i t e  and diabase. The 

largest   gabbroic  mass is located  in   the  horst   b lock  northeast  of 

Kelly  (plate 1); other  smaller masses are  scattered  throughout  the 

d i s t r i c t .   P l a g i o c l a s e  forms  about 70 peroent  of  the  rock,-and 

ural i t ic   hornblende is a l so  abundant  (Loughlin  and Koschmann, 1942, 

p. 8). Bioti te,   magnetite,  and a p a t i t e  are among the  accessory 

minerals. The gabbro is usually more al tered  than  the  diabase,  . '  

w i t h  calcic   plagioclase  replaced by oligoclase,   magnetite-and 

hornblende, and pyroxene  replaced by hornblende, and pyroxene 

. replaced by hornblende. 
.. 

The diabase  forms  short  dikes  having a predominant  westerly 

trend on the east slope  of the range and i n   t h e   h o r s t   b l o c k   o f '  

Precambrian  rocks  east of Kelly.  Other  dikes  of similar t rena  

occur east of Granite Mountain, t o   t he   no r th  of t he   Ke l ly   d i s t r i c t ,  

and in  the  Hardscrabble Mine a rea  east of Stendel  Ridge. 
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The diabase is comprised~of  both  fine-grained and coarse-grained 

. v a r i e t i e s   i n   d i k e s  of varying  s izes .  The coarser-grain'ed  dikes are 

generally  dark-green-.or  greenish-gray  with  the  finer-grained  rocks 

usually somewhat darker.  'Loughlin and Koschmann (1942, p. 12) 

repor t   tha t   the   d ikes   a re  .almost  completely  altered,  with  chlorite 

and epidote  being  the most  common al terat ion  minerals .  

F e l s i t e .  

A l a r g e  mass of felsite i n t r u d e s   a r g i l l i t e  east of 

Hardscrabble Camp (plate  1). Of t h i s  mass, only  the  western  tip- o f .  

a l a r g e  wedge-shaped  body has  been mapped. The body'extends 

e a s t e r l y  to the  top  of  the  range, where i t  has   been. t runcated,by 

Precambrian  granite. To the  south,  i t  is pa r t ly ' i n t ruded  by t h e  . 

N i t t  Monzonite stock of  middle  Tertiary  age and par t ly   overlain  by 

Paleozoic  sediments. On t h e   n o r t h ,   f e l s i t e  i s  separated'  from  the 

Anchor Canyon Granite by a narrov band of a r g i l l i t e . .  

Loughlin and Koscbmann i n t e r p r e t   t h e   f e l s i t e  as i n t r u s i v e  into 

the a r g i l l i t e .   F r e s h   f e l s i t e  i s  dark,  purplish-to-black,  fine-grained, 

and porphyri t ic .  It is l ight-gray  to   pink on the  weathered  surface 

and is  d is t inguished   f rom  the   a rg i l l i t e  by i ts  lack  of  banding and 

by the  presence of conspicuous,  rounded  (often  oval),  phenocrysts 

of opalescent  quartz. As plagioclase  appears  to  be somewhat more 

abundant  than  potash  feldspar,  the  original.composition may have 

been la t i t ic ,  bu t   t he  amount of material that  has  been  introduced 
. 

or simply  rearranged  cannot  be  easily  determined. 
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Granite 

Grani te  is the  most widespread of the  Precambrian.rocks  , in  the ' 

d i s t r i c t  and forms the   bu lk   o f   the  basement rocks  a long  the  crest  

of  the  range.  Further  south and east, Krewedl (1974) has  mapped 

a r g i l l i t e  as t h e  predominant  rock  type,  intruded by a s tock of 

Precambrian  granite. The full extent of t h e   g r a n i t e   e a s t   o f . t h e  

range  crest  is not  known. Dikes,  plugs  and  stock-sized.masses  of 

g ran i t e   i n t ruded   a rg i l l i t e ,  gabbro and felsite, but   a re   in t ruded  

by east-trending  diabase  dikes.  Dikes of g r a n i t e   c u t t i n g   a r g i l l i t e  

in the southern  par t  of the. d i s t r i c t   s t r i k e  N 1Oo-2O0W, p a r a l l e l  

t o  the middle  Tertiary  trend of s t ruc tu res  and dikes.,  perhaps 

r e f l ec t ing   an   anc ien t   s t ruc tu ra l  zone  which has   been.act ivated . 

repeatedly.   Fractures of norther ly  and no r theas t e r ly   t r end   i n   t he  

g ran i t e  were f i l l e d  by diabase  dikes.  

The g ran i t e  is generally a pink-to-tan,  fine-:to medium-grained 

rock  that   weathers  into  angular  blocks.  It is composed of  pink 

feldspar  and color less   quartz ,   wi th   var iable  amounts of b i o t i t e .  

The Precambrian  granite may be  dist inguished  from  the  middle  Tertiary 

Anchor Canyon Gran i t e   i n   t ha t   t he  younger  rock i s  fresher  looking, 

often  coarser  grained, and general ly   contains  more phenocrystic 

b i o t i t e .  

Paleozoic Rocks 

Paleozoic  rocks  ranging in age from Miss i ss ippian   to  Permian 

crop  out  boldly  in  the  Kelly district ,  forming  extensive,dip  slopes 

i n   t h e ' c e n t r a l   p a r t  of the   a rea  and massive, ledgy  outcrops. i n  the 

. .  
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southern  half.  These  rocks,  which  have  been  extensively  faulted, 

are composed of five formations: The Caloso and Kelly  Formations 

of Mississippian  age, the Sandia and  Madera Formations  of 

Pennsylvanian  age, and the  Ab0 Sandstone  of  Permian  age. 

Mississippian System 

The Mississ ippian  system  in   the Magdalena d i s t r i c t . r a n g e s   i n  

thickness from 60 t o  125  feet .  The system may generally  be 

divided  into a lower clast ic   uni t   ranging  in   thickness   f rom  zero 

t o  35 feet and a 54- t o  95-foot-thick  upper  crystall ine  unit  

(Siemers,  1973).  Although  the  units  are  described  separately 

below,  they  have  been mapped a s  one unit on P l a t e  1. The reader 

is refer red  t o  those works  by  Amstrong (1955, 1958) f o r   ' d e t a i l s  

of t he   r eg iona l   d i s t r ibu t ion  o f  Mississippian  rocks. 

Caloso  Formation 

The basa l   un i t  of the Caloso  Formation  generally  .consists  of 

about  f ive  feet   of  poorly  sorted,   angular  to rounded  fragments  of 

Precambrian  rocks,  which  range.in s i z e  from coarse sand to pebbles 

and are cemented  by c a l c i t e .  Thin  beds  of  greenish  .clastic material 

are locally  conspicuous, and were probably  derived  in  part   from . .  

the underlying  mafic  intrusive  rocks and greenstones.  Overlying 

t h i s   b a s a l   u n i t  is as  much as 25 f e e t  of  thick-bedded,  light-gray 

limestone  with  abundant  quartz  sand and occasional  Precambrian l i t h i c  

fragments.  Brachiopods,  corals'  and bryozoans. a r e  found i r r e g u l a r l y  

throughout  the  unit  (Siemers,  1973). The Caloso  occupies  channels 

or  troughs on the  Precambrian  surface, which causes  the  thickness 
. 
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to  vary  considerably  along strike. The channels  vary  in  width 

along the crest of  the  range from a few f e e t   t o  more than.one hun- 

dred feet. Their s t r ike   has   no t  been  ascertained,  but it appears 

to   be  into  . the   northeast   quadrant ,  

Ke-1ly'Limestone 

. Overlying the Caloso Formation is a th i ck -   t o  thin-bedded, 

medium- to  coarse-grained,  bluish-gray,  fossiliferous  limestone 

ranging  from  about 55 t o  95 f e e t   i n  thickness. Loughlin and 

K O S C ~ I I I ~ M  (1942, p. 15) and Ti t ley  (1961, p. 700) repor t  the 

presence  of a pe r s i s t en t  dark-gray to   b lack  bed of dense a rg i l l a -  . .  

.ceous  limestone, called the  "silver pipe," i n  the middle  part  of 

'this &it: The "silver pipe" was used as an  important  marker  bed 

because of its re l a t ion   t o   o re   depos i t s   bu t  it is apparently not 

as pe r s i s t en t  as previously  reported. Siemers (1973)  could n o t  

identify  such a d i s t i n c t i v e   u n i t  in  the   sec t ions  of Paleozoic 

rocks he measured in and around the Ke l ly   d i s t r i c t .  

m 

The amount and d ive r s i ty  of the f o s s i l s   i n  the Kelly increase 

upward i n  the section. While cr inoids  are by far the most abundant 

fossils,  brachiopods,  byrozoans,  corals and ostracods  are. 'also 

present ,   especial ly  in the upper  parts.of  the  section  (Siemers, . 

1973).  Some zones i n   t h e  upper  half  of the uni t  are composed 

almost  entirely  of  broken,  well-sorted  fossil  debris. 

. . .  

The Kelly  Limestone is  distinguished  from the limestones in ' the 

overlying  Sandia and Madera Formations by its. l i gh te r   co lo r ,  

coarser  grain s i z e ,  relative puri ty ,   lack  of   fusi l inids ,  and the  
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presence of l igh t -gray   to   whi te   cher t   tha t  forms  bands  and  lenses 

a s  much a s  one foot   in   th ickness  and f i f t e e n   f e e t   i n   l e n g t h .  

The foss i l i f e rous ,  thin-bedded  nature  of  the  upper  part of the  

Kelly  apparently  rendered the uni t   especial ly   favorable  t o  a l te ra -  

t ion  by-hydrothermal  f luids.   Large  areas of the  Kelly  have  been . .  

completely  s i l ic i f ied  a long the crest of the  range where extensive 

outcrops of  banded, vuggy jasperoid  occur. Where the hydrothermal 

a c t i v i t y  was most intense,  the ent i re   Kel ly   has   been  replaced.by 

s i l i ca t e ,   ox ide ,  and sulfide  minerals.  Large  zinc-lead  orebodies 

with  subordinate  copper and silver occur  almost.  exclusively  along 

f a u l t  zones cutting  the  Kelly  Limestone. The darning  effect   of  

the 'overlying  Sandia  shales may have  played an important   par t   in  

the formation  of  the  ore  bodies,  as it appears to have  done .at 

I 

.North Baldy  where the  mineralized  skarn  occurs  only at  t h e  

Kelly-Sandia  contact.  This  observation is  at  var iance   wi th   T i t ley  

(1958), who indicated  that   the   Sandia  nowhere  forms a cap  over  the 

ore  bodies  in  the  Linchburg mine and may not  have  had a s i g n i f i c a n t  

e f f e c t .  The argi l laceous and sil iceous  character  of  the  Caloso 

Formation was apparently more favorable for copper  mineralization 

as copper-rich  ores  are found  almost  exclusively in t h i s   b a s a l   u n i t  

i n   t h e  Linchburg mine (G. Lotspeich,  pers.  corn., 1973). 

. .  

- 
Pennsylvanian  System 

- 
The type  sect ion for the  Magdalena Group is i n  the Magdalena 

Mountains,  where Gordon (1907) ca l led   the  lower p a r t  of t h e  

Pennsylvanian  section  the  Sandia  Formation and the   upper   par t   the  

Madera Limestone.  Kottlowski (1960) pres'ented a comprehensive 

review  of  the  Pennsylvanian i n  southwestern New Mexico and  southern 
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c Arizona.  Siemers (1973) has   recent ly   s tudied ' the  Paleozoic   sect ion 

i n   t h e  Magdalena a r e a   i n  some d e t a i l .  The reader  is r e f e r r e d   t o  

these  works fo r  a more comprehensive  treatment  of  the  Pennsylvanian 

rocks. \, 

\ 
1 

~-._ 

'. Sandia .Formation 

Loughlin and Koschmann (1942) subdivided  the  Sandia  Formation 

i n t o  s ix  members, having  an  aggregate  thickness  of  about 600 f e e t .  

A b r i e f  summary of their   descr ipt ions  fol lows.  

Lower q u a r t z i t e  member:  The lower  quartzite member, t o t a l l i n g  

about   ninety  feet   in   thickness ,   general ly   consis ts  of gray, 

. greenish-gray and brown quartzite  with  subordinate  interbedded 

sha le  and limestone. The quartzi te   beds  are   f ine-   to   coarse-grained 

and are sometimes  conglomeratic,  containing  quaEtz  pebbles  as much 

a s  one inch  in  diameter.  Calcareous and s i l i ceous   ma te r i a l  cements 

the  grains .  

8 

Lower limestone member: This u n i t  is predominantely a fos s i l -  

i fe rous ,  medium-grained, bluish-gray,  argillaceous  limestone  with 

subordinate   shale  and quar tz i te .  The l imes tpnes   a re   typ ica l ly  

nodular. or l e n t i c u l a r l y  banded,  forming  mottled  weathered  surfaces. 

The unit is about 65 feet ' th ick  throughout  most o f   t h e   d i s t r i c t .  

, ,Thin, fossil iferous. ,   shaly  beds make up the 'majority  of  the  lower 

p a r t  of the   un i t .  . 
Middle qua r t z i t e  member: ,This is a l e n t i c u l a r  unit;-having 

a maximum thickness of e igh teen   f ee t ,   t ha t   l oca l ly   s epa ra t e s   t he  

lower  limestone from the  overlying  shale.  It general ly   consis ts  of 

brown to   g ray ,  medium- to  coarse-grained  quartzite. 
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e - Shale member:  The sha le  member is about 300 f ee t   t h i ck ,  

cons t i t u t ing  more than  half of the  Sandia  Formation  in  the 

Magdalena area. It cons i s t s  of black,  locally  carbonaceous, 

fossi l i ferous  shale   with  interbedded  quartzi te  and limestone. 

Limestones are generally more cornon toward the   top  of the   un i t .  

Upper limestone member: This   uni t  is a l e n t i c u l a r ,  

bluish-gray. to  medium-gray limestone  which is  character ized by 

spher ica l ,   concent r ic   a lga l  growths as much as two inches  in  

' diameter .   In ' the   cen t ra l  . .  p a r t  of t he   d i s t r i c t ,   t he   uppe r . l ime- .  

s tone  rests on shale;  elsewhere it l o c a l l y  forms l enses   i n   t he  

upper  quartzite.  It may be as much a s   t h i r t y   f e e t   t h i c k .  

Upper q u a r t z i t e  member: This member is a len t icu lar ,   g ray  

quartzite  containing  subordinate  interbedded  l imestone and shale.  

'e . .It has a maximum thickness of 65 feet i n   t h e   K e l l y   d i s t r i c t .  

Fossil   collections,   taken  from  the  Sandia by  Loughlin and 

K O S C ~ M  and s tud ied  by Girty and  White, i nd ica t e  a lower 

Pennsylvanian  age  for  the SaEdia Formation  (Loughlin and  Koschmann, 

1942, p. 16). 

Siemers  (1973),.in.his  comprehensive  study of the  Paleozoic 

rocks   i n  and around the K e l l y   d i s t r i c t ,  found tha t   the   Sandia  

Formation  varied  between ,550 and 600 f e e t   t h i c k  and .consisted  of 

more than 75 percent   shale  and wacke with  subordinate amounts of 

interbedded medium- to  coarse-grained  .quartzite and  dark-gray t o  

b l ack , ,   f o s s i l i f e rous  micritic limestones. H e  no ted   t ha t   t he   fo s s i l  

content  of  the  limestones  averaged  about,32  percent,  but  ranged as 

high as 75 percent.  He found that  bedding  varied from  thin- t o  

thick-bedded and that  the  l imestones  exhibited  small-scale  planar 

_ .  
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and cross-laminations  while  the  quartzites were locally,.cross-bedded 

on a small t o  medium scale.   Contacts between l i t h o l o g i e s  were found 

to   be  general ly   sharp.  H e  identified  brachiopods,  echinoderms, 

mollusks,  bryozoans, and horn  corals among the  faunal  assemblage. 

H e  a l so  concluded that. the  six-fold.subdivision  of  the  Sandia Forma- 

t i o n  by  Loughlin and Koschmann (1942) was obscure  almost  everywhere 

in h i s   s tudy   a r ea ,  and w a s  imprac' t ical   for  f ield  use.  ' H e  suggested 

tha t . t he   u se  of  the  subdivisions  be  discontinued, and t h a t . t h e  

Sandia  Formation i n  the Magdalena  Mountains be  described as a sha le  

unit with interbedded  quartzite and limestone.  This writer is i n  

accord  with  Siemers'  conclusions and suggestions;  the  Sandia Forma- 

t i o n  was mapped as an   und i f f e ren t i a t ed   un i t   i n   t h i s   r epor t   (p l a t e  ' 

1). Exception t o   t h e  above might  be made, however, 0n.a s t r i c t l y  

l o c a l   b a s i s  where good s t ra t igraphic   cont ro l   over  a small area  has  

been  es tabl ished,   such  as   in  a mine or prospect. 

" Madera Limestone 
- 

Loughlin  and Koschmann distinguished  an  upper and lower member 

i n   t h e  Madera Limestone, t o t a l l i n g  600 f e e t   i n  thickness.. The lower 

300 feet consists  of.thin-bedded  bluish-black  limestone  with  inter- 

bedded bluish-gray  fossi l i ferous  shale  and gray, medium-grained 

quartzite,: The beds are generally  similar to those   in   the   Sandia  

Formation,  but  Loughlin and Koschmanr.reasoned tha t   s ince   l imes tone  

beds are dominant.and are continuous upward with  greater   thicknesses  

of  limestone,  the  unit  should  be  assigned  to  the Madera Limestone. 

They fur ther   bel ieved  that   the   upper   quartzi te .of   the  Sandia  . 

Formation was a convenient  horizon  for  placing a boundary  between 

I 

I 
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the  Sandia  Formation and t h e  Madera Limestone,  which  together  form 

a gradational  sequence.  Siemers (1973) generally  agreed.with  the 

de f in i t i on  of the  formational  boundary;  he  suggested  that.the 

boundary  be  placed a t   t h e   t o p  of t he   qua r t z i t e  below  which sha le  

predominates and above  which  limestone is the  dominant l i thology.  

This   def ini t ion was used in   the   p resent   s tudy .  

The "upper member" of   the Madera Limestone, as defined by 

Loughlin  and Koschmann (1942) ,  was described  to  be  about 300 . fee t  

of f ine-  to  coarse-grained, homogeneous bluish-gray  limestone with 

abundant  black,  nodular  chert.  Shaly  limestones,  limestone 

conglomerates,  gray  shales and gray   to  brown qua r t z i t e s  are in te r -  

bedded with the  thicker-bedded  limestones.  Prominent  lenses  of 

conglomerate composed of q u a r t z i t e  and limestone clasts occur a t  

severa l   p laces  a t  the  base of t h e  upper member. These-conglomerates 

contain  pebbles of qua r t z i t e  and Madera Limestone and grade   in to  

th in ,   f i ne -   t o  mediumTgrained qua r t z i t e  beds at  the i r   tops .  LoughLin 

and Koschmann  .mapped three  occurrences of conglomerate  south and 

e a s t  of the Waldo Mine (op. c i t . ,   p l a t e  2). Work by t h e  writer has  

shown t h a t  two of  these  lenses are as mapped, but  one of . the   l enses ,  

about 2000 fee t   southeas t  of the  Waldo tunnel, is an  elongate mass 

. of  landslide  material   consisting  of  fragments of limestone and 

qua r t z i t e .  

Because  of f au l t i ng  and erosion,  Loughlin  and Koschmann were 

unable  to  determine a t r u e  maximum.thickness f o r   t h e  Madera Lime- 

s t o n e   w i t h i n   t h e   d i s t r i c t .  They estimated it to  be  about  600 f e e t  

thick,   but  noted  that   the  thickness may approach 1000 f e e t .  . 
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Siemers  found, as did  Loughlin and .Koschmann, t h a t   t h e  .Sandia 

Formation  grades  into  the  overlying Madera Limestone. He found 

f o s s i l  assemblages to  include  brachiopods,  horn  corals,  echinoderms, 

mollusks, bryozoans, and foraminifera ,   wi th   large  horn  corals  and 

large,   dark  gray  to  black  chert   nodules and lenses   being most 

d i s t i n c t i v e  of the  formation. This writer found t h a t  some.of t h e  

l imestones  in   the Madera are s i igh t ly   pe t ro l i f e rous  and give a dis- 

t i n c t i v e  odor when freshly  broken. . .. 

Siemers (1973) reported  that  the  maximumthickness of the 

Madera Limestone i n   h i s  measured sect ions was about  SOO.feet,  but 

a l l  of  these  sections  were bounded by fau l t s .   This  writer has mapped 

an area  of gently  west-dipping Madkra Limestone  s.outh'of  the Grand . 

Ledge tunnel   . (p la te  1) t h a t  i s  more than 600 fee t   th ick   in   ou tcrop .  

More than 650 feet of g+tly-,dipping Madera was cut  in' an Empire 

. . Zinc Company (now New Jersey   Zinc)   d r i l l   ho le   loca ted  west of t h e .  

Connel ly   tunnel ,   in . the   southeas t   corner   o f   the   d i s t r ic t .  The top 

of the Madera Limestone is exposed  south  of t h i s  area, covered 

p a r t i a l l y  by l ands l ide  and t a lus   ma te r i a l . .  The Ab0 Formation;  of . 

Permian age ,  over l ies   the  Madera e a s t  of t h e   l a t i t e  porphyry  dike 

i n  the northern  part   of  Section 17, T3S, li44w. East   of   the   large 

l a t i t e  porphyry  dike,  the  upper Madera i s  a sequence  of  interbedded 

green  argi l laceous  micr i tes  and mudstones and sandy  red  mudstones 

t h a t  are occasionally  arkosic.  Abundant l imes tone   in t rac las t s  are 

c h a r a c t e r i s t i c  of these  beds.  Several one- to   f ive-foot- thick,   red,  

a rkos ic   quar tz i tes   a re   p resent   very 'near   the   top   o f   the  Madera 

- 

fur ther   east   of   the   dike,   in terbedded  with  green mudstones and 

micr i tes . .  The red and green mudstones and micr i tes  form a * 
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d i s t i n c t i v e   l i t h o l o g i c   u n i t ,  of  which  about 100 f e e t  is exposed 

in   t he   sou the rn   pa r t  of the   Kel ly   d i s t r ic t .  It is probably 

equivalent ' to   Kel ley and Wood's (1946) Red Tanks Member of the 

Madera Limestone.  Their Red Tanks Member grades  downward.into 

near ly  1400 f e e t  of micr i t ic   l imestones and upward into  the.Abo 

Formation. Krewedl (1974, p. 22) r e p o r t s   t h a t   r e c e n t   d r i l l i n g  one 

mile west of  North Baldy Peak, j u s t   e a s t  of t h e  latite porphyry 

d ike   (p la te  l), penetrated  an  apparently  unfaulted  section  of 

Madera Limestone  nearly 1800 fee t   th ick .  No Ab0 Formation was 

penetrafed  in   the  hole .  

A maximum thickness of 1800 f e e t   f o r   t h e  Madera is in accord 

with known thicknesses  of Madera Limestone i n  nearby areas 

(Kottlowski, 1960)  and should  be  considered  as a probable maximum 

thickness   for   the Madera in the  southernmost  part   of  the  Kelly 

d i s t r i c t .  

Should t h i s  new value  for   the maximum thickness   be  correct ,  

t he re  may be  a de le t e r ious   e f f ec t  on explora t ion . for   addi t iona l   o re  

bodies in  the  Kelly  Limestone  outside of t h e  main ore  zone  of  the 

d i s t r i c t ,   a s   t he re .wou ld   be  as much a s  1000 f e e t  added to ' the . ' 

minimum d r i l l i n g   d e p t h s   t o   t h e   K e l l y   i n   a r e a s  where f a u l t i n g  and 

erosion  have  not  reduced  the  thickness of the  Madera. 

On p l a t e  1, t h e  Madera i s  d iv lded   in to   upper^ (Pmu) and lower 

(Pml) u n i t s  where the   s t r a t ig raph ic   l eve l  of the   l imes tones   a re  

known from mine workings, d r i l l i n g   o r . s t r a t i g r a p h i c   c o r r e l a t i o n .  

In this div is ion ,   the  lower Madera is considered t o   b e   t h e   f i r s t  

GOO f e e t  of massive  limestones above the  Sandia  Formation. 
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Permian  System 

Ab0 Formation 

Overlying the Madera Limestone i n   t h e   K e l l y   d i s t r i c t  is t h e  

Ab0 Formation  of  Permian  age. D u e  t o   f a u l t i n g  and erosion,  the 

contact between the   two 'uni t s  can be  seen  only  in  the  extreme 

southern  part  of t h e   d i s t r i c t ,   e a s t  of t h e  lat i te porphyry  dike 

(p la te  1). The Pennsylvanian  rocks i n   t h i s   a r e a  are probably 

cor re la t ive   to   Kel ley  and Wood's (1946) Red Tanks Member of .the 

' Madera and  have  been  described above.  Although the exposures  are 

not  continuous or extensive,  they  have  the  appearance  of a grada- 

t iona l   contac t  between t h e  Ab0 and Madera Formations  'and are in t e r -  

preted  as  such by the  writer. Similar  gradational 'contacts  have 

been  described  in  nearby  areas  outside of  t h e   K e l l y   d i s t r i c t  

(Kelley and Wood, 1946).. . 

The Ab0 Formation is  widespread i n   t h e   K e l l y   d i s t r i c t  and 

typ ica l ly   cons i s t s  of dark r e d  to  reddish-gray,  fine- t o  . : 

coarse-grained,  sometimes  shaly,  sandstone  beds,  generally less than 

one  foot   thick.   Local ly   interbeddedai th   the  sandstones are lenses  

and th in   l ayers  of green to   gray,   argi l laceous  sandstone  that  

apparently mark local ly   reducing  condi t ions  in   the  uni t .  Sand-, 

stone  occasionally  grades  laterally  into  sandy  shale.  Small- t o  

- .  

medium-scale;  low-angle, r i p p l e   c r o s s - s t r a t i f i c a t i o n  and t h i n  

laminations  are common; r i p p l e  marks,  mudcracks aid  ra in   drop 

impressions.are  locally  abundant;  By contrast ,   in   the  conglomerat ic  

qua r t z i t e s  of the  Sandia  Formation,  primary  sedimentary  structures 

a re   sparse  and inconspicuous. 
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Where the  Ab0 has  been  affected by hydrothermal  fluids,  such 

as along some dike  contacts and near  quartz  veins,   the  normal 

reddish  colorat ion  has  been  changed t o   g r e e n ,   s i m i l a r   t o t h e  

greenish  lenses  described above. These greenish zones often  contain 

sca t t e red   py r i t e ,   i nd ica t ing ' t ha t   t he   o r ig ina l   f e r r i c   i ron   has   been  

reduced and mobilized  to  form  sulfide. 

Hydrothermal fluids  have had s igni f icant   e f fec ts   on . rocks  

of the   Abo~Format ion   in   par t s   o f   the   Kel ly   d i s t r ic t ,   resu l t ing   in  

the   mis ident i f ica t ion  of a l t e r ed  Ab0 outcrops  as  rocks  of  the  Sandia 

Formation  by  Loughlin and Koschmann :(1942, pl .  2). They  mapped a. 

bold  outcrop of  fine-grained,  cross-Bedded,  light-reddish-gray t o  

grayish-green,  locally  shaly , quaitzites  with  an  , interbedded 

limestone a t   t h e   e a s t   b a s e  of  Stendel  Ridge  as  shales of the  Sandia 

Formation.  During  the  remapping  of this  area,  several  comparisons 

of  the  sandstones  with  outcrops of Sindia   shale  and qua r t z i t e  

e l sewhere   i n   t he   d i s t r i c t  were made. ,They  were  found t o   b e   q u i t e  

d i f f e r e n t .  The Sandia  shales  are  very  f ine-grained,  gray  to  black, 

locally  carbonaceous,   f issle  rocks  that   weather  to  shades  of brown. 

Sandia  quartzites are gray  to brown, generally  coarse-grained and 

exhib i t  f ew promicent  sedimentary  structures. 

In cont ras t ,   the   rocks   a t   the   base  .of Stendel Ridge  cons i s t  

of  coarse silt t o  fine sand-sized,  well-sorted,  quartz  sand  with 

subordinant  feldspar. Sandy shales   are   interbedded  with and grade 

l a t e ra l ly   i n to   t he   s ands tones .  Thin micaceous  selvages  are  locally 

present and bedding  thickness i s  generally between six inches and 

one foot.   Planar  laminations and r i p p l e  cross-laminations  are 

common. Mudcracks,.ripple marks and raindrop  impressions  are 
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present.  The interbedded,  lenticular  l imestone is a l m o s t  

fo s s i l - f r ee ,  i n  contrast   wi th   the  fossi l i ferous  l imestones of t h e  

Sandia. 

The al tered  rocks exposed a t  t h e  basexof  Stendel  Ridge weather 

t o  a reddish-gray t o  grayish-green  color,  contrasting  with  .the  browns 

' . and grays  of  the  Sandia. Drill holes  put down by  American Smelting 

and  Refining Company  (ASARCO) along  the  east   base of t he   r i dge   cu t  

more than 350 f e e t  of apparently  unfaulted,  altered,  interbedded 

sandy  shales,   quartzites,   l imy  shales and thin  l imestones.   that .are  

in te rpre ted  by t h i s  writer, as being  equivalent  to  the  lower  portion 

of   the Ab0 Formation. It is concluded tha t   the   ou tcrops   in   the  

Stendel  Ridge  area,   originally,  mapped as  S&dia  shales by  Loughlin 

and Koschmann, a r e  the Ab0 Sandstone of Permian  age.  Additional. 

work has  revealed  several  inconspicuous  outcrops  of Ab0 sandstone, 

dipping  s teeply  to   the west and surrounded by alluvium, in  

HardscrabbJe  Valley,  east and south of Hardscrabble Camp . (p la te  1). 

A small  block  of  rocks similar to   t hose   t r ans i t i ona l  between t h e  

Madera and Ab0 is  found in   the   gu lch   jus t   south   o f   the   Vindica tor  

sha f t .  

Loughlin  and Koschmann (1942) mapped a steeply-dipping  sequence 

of altered  l imestones,   shales,  and quar tz i tes   nor th  of Highway 60 

and east of  Granite Mountain as  being a relat ively  normal   sect ion 

of  Paleozoic  rocks  ranging from  Kelly  Limestone on t h e . e a s t   t o  Madera 

Limestone on the west. The thickness of the  Sandia  as mapped by .- 

them is  about F400 f e e t ,  which  they acknowledged as being anomalous- 

l y   t h i c k ,  but apparently  considered  possible  under  their  interpre- 

t a t i o n  o f  a near-shore  environment  for  the  Sandia. 
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Work by  Siemers  (1973),  aided  in  the  field by t h i s  writer, 

has   es tabl ished  that   th is   sequence is  not a Kelly-Sandia-Madera 

complex, a s   i n t e rp re t ed  by Loughlin and Koschmann, but is ins tead  

approximately 1300 f e e t  of Madera Limestone, 690 f ee t   o f  Ab0 

Sandstone, 525 f e e t  of Yeso Formation, 135 feet of  Glorieta 

Sandstone, and 660 f e e t  of  dolomitic  limestone  of  the San ' h d r e s  

Formation. All u n i t s  above the  Madera Limestone. a r e  Permian in age. 

The cor rec t   i den t i f i ca t ion  of these   un i t s   in   the   Grani te  

Mountain-Stendel  Ridge  area  has  significant  implications  with 

regards  to   the  s t ructural   h is tory  of   the Magdalena a rea  which will 

be  discussed  under   the  s t ructural   sect ion of t h i s  paper. 

" 

The  maximum thickness  of  the Ab0  was believed by Loughlin'and 

Koschmann (1942, p. 21) to   be  about  175 feet, bu t  more r ecen t   s tud ie s  

ind ica te   tha t   the   th ickness  may approach 700 f e e t  as a maximum, 

espec ia l ly   in   a reas   ou ts ide  of the  main mining d i s t r i c t .  A s  a 

resu l t ,   t he   d r i l l i ng   dep ths   t o   t he   Ke l ly  Limestone may be   fu r the r  

increased   in  some areas.  

Ter t ia ry  Rocks 

Volcanic  rocks  ranging  in  age  from 37 m.y. t o  about 26 m.y. 

form a l a r g e   p a r t  of   the   outcrops  in   the  Kel ly   dis t r ic t .  Most rocks : 

s o  far   dis t inguished  can  be  re la ted  to  one  or more of seve ra l  of t h e  

volcanic   features   ident i f ied  in   the  ' region  surrounding the" area  of 

this study.  Definite  sources  have  not  yet   been  identified  for 

the  rocks  of  the  Spears  Formation,  but  calderas formed during  the 

erupt ions of a l l  of, t h e  ash-flow t u f f s  o l d e r  than  the  Spears  have 

been recently  recognized.  Studies are current ly  underway t o   f u r t h e r  

y"*"yP ? 
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the  understanding  about  these large ca lderas   under . the   d i rec t ion  of 

t h e  New Mexico Bureau of Mines and Mineral  Resources. 

Because of the i r   1ack .of  knowledge of the  regional  geology 

and the   de t a i l ed   s t r a t ig raphy  of t h e  Datil volcanic  racks.  Laughlin. 

and Koschmann (1942) had some e r ro r s   . i n   t he i r   i n t e rp re t a t ions   o f  

the  rocks and, t he re fo re ,   s t ruc tu re   i n   t he   Ke l ly   d i s t r i c t .  Addi- 

t ional   complicat ions were made by t h e - e f f e c t s  of  hydrothermal  fluids 

on  some of the  rocks.  Figure 1 is a char t   cor re la t ing  the strati- 

graphy as it  is present ly   .understood  with  the  rock  uni ts   ident i f ied 

by Loughlin and Koschmann (1942) and'Tonking  (1957). -This   cor re la -  

t i o n   i s . o n l y   p a r t i a l l y  complete; new s t u d i e s  now underway w i l l  ' .  

doubtless make changes i n   t h e   c h a r t  of f i gu re  1 necessary. 

Spears  Formation 

The Spears  Formation may be   d iv ided   in to  two  members: a lower 

sedimentary  unit of  conglomerates and sandstones composed of la t i t ic  

and andes i t ic   vo lcanic   debr i s ,  and an  upper  unit of interbedded 

volcanic and sedimentary rock%.' The volcanic  rocks  consist  of 

la t i te  and andesi te   f lows,   tuffs  and brecc ias ,   separa ted . loca l ly  

from  the  lower member by a pink  to   white ,   crystal-poor ,   poorly  to  

densely-welded l a t i t e  ash-flow tu f f  known a s   t h e   t u f f  of Nipple 

Mountain (Brown, 1972). A l a t i t i c   bou lde r   nea r   t he   base  of t h e  

Spears  has  been  dated a t  37.1 m..y. (Weber, 1971). r'&-ss'Ll 

Rocks of the  Spears Formati.on crdp  out  in two main areas of t h e  

Kel ly   dis t r ic t :   the   Stendel   Ridge  area and south of Chihuahua 

Gulch (p l a t e  1). In the Stendel  Ridge  area; a nearly  complete 

sec t ion  of Spears forms a large,  steeply-dipping  rood  pendant  in 



Figure 1. Correlation  chart of the  Cenozoic  Formations 
of the  Nagdalena area. 
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t h e  N i t t  Monzonite.  South of Chihuahua  Gulch, r e l a t i v e l y   f r e s h  

Spears  forms a large,  gently-dipping, wedge-shaped block  between  the 

major  range-bounding f a u l t  of  the Magdalena  Range on t h e  west and 

the  main ore  zone  of the  Kel ly   mining  dis t r ic t  on the  east .   Spears  

rocks  also  occur as narrow f a u l t   s l i v e r s .   a d j a c e n t   t o   t h e  main 

range-bounding fau l t   wes t  and south of the  Waldo tunne'l  (plate 1.2. 

The to ta l   t h i ckness  of   the  Spears   var ies   local ly .  Tonking 

. (1957,  p. 27) gives a thickness of almost'1350 feet a t  the   t ype  . 

sec t ion  a t  Hell's Mesa, approximately  ten  miles  north of t h e  

Magdalena d i s t r i c t .  Brown (1972) estimates a thickness of approxi- 

mately 1950 f ee t   i n   h i s   s tudy   a r ea ,   abou t  five miles nor th   o f   the  

a rea  of t h i s   r e p o r t .  The Spears   in   the  northern  par t   of   the  

Magdalena d i s t r i c t  i s  estimated  from  cross  sections t o b e  approxi- 

mately 1700 f e e t   t h i c k ,  and the  incomplete  section a t  ';he south 

end o f   t he   d i s t r i c t ,  composed predominately  of  volcaniclastic  sedi-  

mentary  rocks and mudflow deposits,  is est imated  to   have a thickness 

of about 1800 f e e t .  

- The l o w e r  Spears i s  composed almost  entirely  of  purplish  pebble.  

t o  cobble  conglomerates and thin,  fine-grained;  often  cross-bedded, 

sandstones. The c l a s t s   a r e  of l a t i t e s  and andesi tes ,   d is t inguished 
5 

b y ' t h e i r  abundant  small , , .white  feldspar  crystals and 1ack.of  quartz. 

. Individual   sandstone  beds are r a r e l y  more than  one  foot  thick; ' 

conglomerate  beds and mudlflow deposi ts   vary  great ly   in   . th ickness .  

Some of the  finer  grained  beds  have a shaly  character.   Small  

f luvial   channels   are   dis t inguished by thin  magnet i te-r ich  layers  

at  the i r   base .  
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These conglomerates and sandstones  grade upward i n t o   c o a r s e r  

conglomeratic  rocks which contain sub-rounded t o  rounded clasts 

ranging  in size from less than one  inch  to  greater  than  one  foot in  

diameter. The s i z e  of the clasts has a tendency t o  increase with: 

dis tance from the base, w i t h  coarse-grained  conglomerates and l a h a r i c  

breccias  predominating in  the middle  portions  of  the  formation. 

Tonking  (1957) in te rpre ted  .these deposits as representing  deposit ion 

on a l luv ia l   f ans ,  which may serve to   expla in   the  lateral  and 

vertical v a r i a b i l i t y  of the Spears in  the  Magdalena area. 

Approximately 800 t o  900 feet above the base of the Spears in  

the   Ke l ly   d i s t r i c t  is a pink  to  white, moderately  welded,,crystal-poor 

ash-flow tuff  designated  the tuff of Nipple Mountain by Brown (1972). 

This  conspicuous  unit f i l ls  paleochannels  cut in  the Spears and, while 

widespread, i s  often  discontinuous in  outcrop.  Propylit ic altera- 

t ion  has  bleached the pink  tuff   to  white or du l l . g reen   i n  some areas. 

. .  

e 
' ' A  conspicuous  "turkey  track"  andesite  beneath  the  tuff  of  Nipple 

Mountain, reported by Brown (1972) in   h i s   s tudy   o f   t he   sou the rn  

Bear Mountains, was observed  stratigraphically,below the southernmost 

exposure of t he   t u f f  in  the Kelly  dis t r ic t ,   southeast   of  South Camp . ~ 

(p la te  1). 

The tuff  of  Nipple Mountain provides a convenient'marker that 

may be  used to   s epa ra t e  the predominately epiclastic lower  Spears 

from the  mixed volcanic and sedimentary  upper  Spears. In the Stendel '  

Ridge area (p la te  11, t he  upper  Spears  consists  of laharic breccias  

* 
and volcaniclestic  conglomerates and sandstones that  are in te r -  

bedded with andesitic  flow  rocks and l a t i t i c  asKfbw t u f f s .  The 

uppermost Spears.in  the  Stendel  Rjdge area is  a la t i te  ash-flow 
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tu f f  which grades  imperceptibly  into the overlying  quartz l a t i t e  

of the Hell's Mesa Formation. A distinctive  hematite-stained 

conglomerate that occupies channels cu t   in to   the   top  o f  the Spears  

sec t ion  i n  the  southern Bear Mountains (Brown, 1972) and in  the 

Granite Mountain  area.(Chapin, o r a l  commun., 1974) is missing  in 

the Ke l ly   d i s t r i c t ;  here the Spears-Hell's Mesa boundary i s  

considered  to  be the first appearance of abundant  quartz pheno- 

c rys t s  in  the l a t i t i c  ash-flow tu f f s .  

Although  incomplete  due t o  faul t ing,   the   Spears   in  the southern 

pa r t  of the d i s t r i c t  i s  similar t o   t h a t  a t  Stendel Ridge.  Because 

of the gradational  nature  of the Spears and the channel-type 

occurrence  of  the  tuff of Nipple  Mountain, the contact between 
Q 

the  upper and lower  Spears is nebulous in  some areas and i s  only 

e ,approximately  located on the geologic map ( p l a t e  1). 

The petrography  of the Spears  has  been  discussed  in some . .  

d e t a i l  by Brown (1972) and  Tonking (1957) and is descr ibed   br ie f ly  

below. 

The lower  Spears is a well-indurated  unit  containing  rounded 

l a t i t i c  to   andes i t i c  c,lasts ranging in  color from  purple  to 

. ,gray-green. The hand  specimens  have a porphyritic  appearance due. 

to  varying  percentages  of  feldspar,  hornblende, and biotl i te.  The 

clasts are s i m i l a r ' t o   t h e  upper  Spears l a t i t e  flow  rocks, as most 

of the clasts are porphyri t ic  with abundant  trachytical1y:aligned 

feldspar  and  hornblende in  a cryptocrystalline.groundmass. 

Mineralogically the clasts are f a i r l y  uniform, consisting  of 

plagioclase,  sanidine,  hornblende, and bioti te,   with  the  percentages 

of these major consituents  varying with individual  clasts. dls 
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. 'The la t i t i c  ash-flow tu f f s   nea r  the top of the  Spears  are 

genera l ly   l igh t   purp l i sh-gray   to   reddish  brown. Welding-is  poor 

t o  moderate and the  hand  specimens are characterized  by.chalky 

feldspar ,  bronze-hued b i o t i t e  and dark  andesi t ic   lithic^ fragments.. 

Al te ra t ion  may cause a color change to  greenish  hues and make the  

boundary  between t h e  matrix and t h e   l i t h i c s  less d is t inc t .   -These  

*) 

t u f f s  have  been  informally  termed  the  tuff of Granite Mountain 

(Chapin, pers.  commun., 1976). 

In the   Kel ly   dis t r ic t ,   the   Spears   res ts   disconformably or 

with s l i g h t   a n g u l a r i t y   o n , t h e  Ab0 Formation of Permian  age. The . 

b a s a l   f i v e   t o   t e n   f e e t  of the  Spears is commonly r i c h  i n  angular 

. . .  

t o  subrounded c las t s   der ived  from the  underlying  rocks. In the  

Stendel  Ridge  area,  the  contact.  between  the  Spears and t h e  Ab0 is 

a conglomerate made  up of angular, somewhat platy  fragments of Abb 

sandstone  generally less than  three  inches  in   length in a matrix 

of v o l c a n i c l a s t i c m a t e r i a l .  Measurement of imbrication  directions 

ind ica t e  a source  to   the  west  o r  southwest. The lowermost  Spears 

elsewhere in   t he   d i s t r i c t   gene ra l ly   con ta ins   l e s s  reworked Abo, bu t  

nonetheless  contains between f i v e  and ten  percent  of  fragments  of 

older  rocks,   including some pieces of Madera-type limestone. The 

r e l a t i v e  abundance of fragments.of  the  Paleozoic  rocks.  decreases 

rap id ly  upwards in  the  Spears;   they.are  rarely  seen more than 

twenty o r  twenty-five  feet  above the base. Tonking  (1957,.p. 29) 

descr ibes  a sec t ion  of Spears i n  TlN,.R6W; where the  basal   contact  

has many fragments of older  rocks, some a s  much as twenty f e e t   i n  

length.  
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* Hydrothermal a l t e r a t ion   has   s ign i f i can t ly   a f f ec t ed '  the rocks 

in   t he   no r the rn  p a r t  of the   d i s t r ic t .   Proppl i t iza t ion   haschanged  

the  normally  red and purple  andesites and l a t i t e s  of the Spears t o  

various  shades of green and gray. .In the   Stendel  Ridge area,  

a l t e r a t i o n   r e a c t i o n s  have  replaced  hornblende  with.chlorite, cal- 

c i t e ,   qua r t z  and iron  oxides.  Secondary quartz  occurs as'small 

aggregates ,   th in   veinlets ,  and individual   grains .   Calci te   occurs  

as i r r egu la r  masses  replacing  the  matrix  material, as replacements 

of crystal   fragments,  and i n   v e i n l e t s .  Sericite commonly replaces  

fe ldspar  and matrix, and epidote  occurs  as  replacements  of  crystal  

fragments,  matrix and a s  numerous blebs.  Hematite.and  magnetite . 

a r e  commonly found in   the   mat r ix  and as replacements  of  ferro-magne- 

s ian   minera ls .   Pyr i te  i s  local ly   abundant ,   par t icular ly  in the  

a more in tense ly   a l te red   a reas   near   fau l t s  and fracture .zones.  The 

contact between the  Spears and t h e  Ab0 along  the  east   s ide  of  

Stendel  Ridge ( p l a t e  1) was apparently  very  permeable, as t h e  

volcanic matrix has been  almost  completely  replaced  by  epidote and 

s i l i c a .  The r e s u l t  is a d is t inc t ive   ou tcrop   of   reddish   quar tz i te  

fragments  in a mottled,  bright-green matrix. 

The hydrothermal  al teration  has had two s ign i f i can t   e f f ec t s  : 

c 

(1) it has changed the normal reds and purples of the  Spears  t o  

greens  and grays ,  and (2) it has  caused  the.rocks  to  appear somewhat 

d i f f e r e n t   i n  hand specimen and thin  sect ion,   most ly   due  to- the 

addi t ion  of minor amounts of quartz and ' the   a l terat ion  of   hornblende 

and b i o t i t e   t o   c h l o r i t e  and epidote. It was these  changes,  along 

w i t h   t h e   l a t e r a l  and ve r t i ca l   va r i ab i l i t y ,   t ha t   appa ren t ly  caused 

Loughlin and .Koschmann (1942) t o   t r ea t   t he   Spea r s   i n  an  inconsis tent  
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and confusing manner..  They d i s t ingu i shed   f i ve   d i f f e ren t   un i t s ,  

based on outcrop  color and petrography,  that  were  "derived  from at 

least two centers  of  eruption", h. e., p. 23). North  of 

Highway 60, they  subdivided  the  Spears  into  four  different units: 

t h e  "lower l a t i t e   t u f f " ,  "lower andesite",  "upper l a t i t e  tuff" ,  

and "upper l a t i t e   b r e c c i a " .  In the  Stendel  Ridge  area,  they lumped 

a l l   t h e  Spears  into an "upper l a t i t e "  and  "upper l a t i t e ,  flow", 

while i n  the southern   par t   o f   the   d i s t r ic t   they  mapped only a 

I ,  purple  andesite". 

Careful   s tudies  by  Tonking  (1957), . Brown (1972),  and  Chapin 

(1974) have  es tabl ished  the  volcanic   s t ra t igraphy. . in   . the  Magdalena 

area.  It is from t h e i r  work and t h i s   s t u d y   t h a t   c o r r e l a t i o n  of 

Loughlin and Koschmann's un i t s  can be  made with  the.Spears Forma- 

tion.  Loughlin and Xoschmann.'s "lower l a t i t e   t u f f , "  "lower  andesite" 

and "purple  andesite"  correspond  to  the  lower  epiclastic  and 

middle   epiclast ic-volcanic  parts of  the  Spears,  respectively.. Their 

"upper l a t i t e " ,  and"'upper lat i te flow"  and  "upper lat i te breccia" 

in the  Grani te  Mountain a rea  are correlated  with  the  upper  volcanic 

member of the  Spears  (see  f ig.  1). 

Loughlin  and Koschmann's (1942) "white  fe1sit.e  tuff",  which 

they  interpreted as being  the  youngest  extrusive  rock  in  the  dis-  ' 

t r i c t ,  corresponds  to Brown's (1972) tuf f  of Nipple  Mountain,  which 

is near  the  middle of the  Spears and thus one of the   o ldes t   vo lcanic  

r o c k s   i n   t h e   d i s t r i c t .  ' 
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Hell's Mesa Formation 

Conformably overlying the Spears  Formation i n . t h e  Magdalena 

d i s t r i c t  are the quartz. lat i te t o  r h y o l i t e  ash-flow t u f f s  of the 

Hell's Mesa F o b t i o n .  Tonking (1957, p. 30) named the formation 

f o r  a prominent h i l l  of that name on the east edge  of the Bear 

Mountains,  where  he  measured a type  section and ass igned . the .uni t  

t o   t h e  Datil Formation. The Da t i l  Formation was subsequently. 

r a i s e d   t o  Group status by  Weber (1971,  p.  35)  and the Hell's Mesa 

to  formational rank by  Chapin (1971, p. 43) Brown (1972) subdivided 

the Hell's Mesa Formation into  several   uni ts ,   including the t u f f  

of Goat Springs, the t u f f  of Bear Springs,  several 'andesite  flows 

and the tuff  of  Allen Well. In later s tudies  (e.&. Deal, 1973;. 

Simon, 1973;  Chamberlin,  1974;  Spradlia,  1974,  and Lopez,  1975) 

inc luding   th i s .  one, t h e  name Hell's Mesa is  r e s t r i c t e d   t o  the  basa l  

crystal-rich,  quartz-rich,  multiple-flow,  simple  cooling unit of 

Tonking's (1957) type  sect ion which cor re la tes  to Brown's (1972) 

tu f f  of  Goat Springs  and, in part ,   to  Loughlin.and Koschmann's 

(1942) "rhyolite  porphyry sill." The overlying'ash-flow  tuffs and 

interbedded  andesites  and  sedimentary  rocks  have  been  designated 

the A-L Peak Rhyolite by Deal (1973); This usage  has  been  followed 

by subsequent  workers  except  that  they may pre fe r   t he  term A-L 

Peak  Formation or Tuff  because  of the  heterogeneous  composition of 

the uni t .  

. ... 

. 

Three K-Ar dates  on samples  of t h e  H e l l ' s  Mesa vary from 

30.6 - + 1.2 m.y.  (Weber, 1971) t o  32.4 - + 1.5 m.y. (Burke  and others,  

1963) and average  about 31.5 m.y. . .  
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The Hell's Mesa Formation is one of t h e  most  widespread un i t s  

of the Datil volcanics. It is known t o  occur  extensively  north of 

Magdalena in t h e  Bear Mountains, t o   t h e   e a s t   i n   t h e  Lemitar Moun- 

t a i n s  and e a s t  of t h e  Rio Grande, and i n   t h e   c e n t r a l  Magdalena 

Mountains.. , . .  

Gordon (1910) identified  outcrops  of  the Hell's Mesa.as 

g ran i t e  porphyry.  Loughlin and Koschmann (1942, p. 33) .called it 

a rhyolite  porphyry sill and s t a t e d   t h a t . i t   h a s   t h e   w i d e s t   d i s t r i -  

bution  of the Tert iary.(?)   formations in t h e   d i s t r i c t .  They noted 

t h a t  i t  occurred  over w i d e  a reas   nor th  and eas t  of the  Kelly  dis-  

t r i c t  and interpreted  the  formation  .as a sill based on mineralogy, 

texture ,  and t h e   b e l i e f   t h a t  it was s l igh t ly   d i sco rdan t   t o   t he   d ips  

of   the  enclosing.rocks.   Ti t ley (1959) accepted   the i r   in te rpre ta t ion  

in  h i s  summary of the geologic  features of t h e   d i s t r i c t .  e 
Extensive  f ie ld  and petrographic work by  Brown (1972) has 

es tabl ished  with  cer ta inty  the  effusive  character  of the  Hell's 

Mesa, and the   reader  i s  r e f e r r e d   t o   h i s  work and t h a t  of Tonking 

(1957) f o r   d e t a i l s .  
. .  

The Hell ' s  Mesa Formation,  which  has  been altered by  hydro- 

thermal f l u i d s  everywhere  .in  the Magdalena . d i s t r i c t ,  .weathers 

l igh t   t an   to   reddish-buff  and forms  rugged  .outcrops  with,blocky . . 

t a lu s .  The u n i t  i s  moderately to   densely welded and contains 

approximately 45 t o  55 percent crystals and crystal  fragments. 

Sanidine,   plagioclase,   quartz and b i o t i t e  are t h e  major phenocrysts. 

Quartz is o f t e n   i n   d i s t i n c t i v e  "eyes"  measuring as much a6 s i x  

millimeters i n  d iameter .  .The base  of  the  unit  i s  often  1;ithic-rich; 

pumice is not  generally  conspicuous,  although it is p l a i n l y   v i s i b l e  

. .  
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i n  some outcrops .   Propyl i t ic   a l te ra t ion   has   a f fec ted . the   Hel l ' s  

Mesa i n  a l l  exposures.   Epidote,   calcite,   chlorite  and.sericite  are 

present as aiteration  products  in  varying, amounts. Many outcrops 

are  speckled  with  l imonite  psuedomorphs'after  pyrite.  Hell's Mesa 

rocks   in   the  fault sliver between t h e  main p a r t  of  Stendel  Ridge 

and t h e  low h i l l s   t o   t h e   n o r t h w e s t  are in t ense ly   a l t e r ed   t o  a 

clay-quartz-sericite  assemblage which may be   the   resu l t   o f   supergene  

a l t e r a t ion   o f   o r ig ina l ly   py r i t i zed   s e r i c i t i c   rocks .  . Iron  oxide 

a f t e r   p y r i t e  is much more common i n   t h i s   a r e a .  ' 

Within the   Kel ly   d i s t r ic t ,   rocks  of t he   He l l ' s  Mesa Formation 

have  been  posit ively  identified  only  north of Chihuahua Gulch. and 

south of North  Baldy  Peak. Hell's Mesa caps "7610" h i11  at the  

head  of  Hardscrabble Val ley  (p l a t e  1) and covers  the  upper  parts of 

the  southwest s i d e  of Stendel'Ridge, where the  gradational  contact 

. with  the  underlying ash-flow t u f f s  of the upper  Spears  Formation 

may be  observed. Many xenoliths.of  Spears and Hel l ' s  Mesa rocks 

have caused  considerable  hybridization of the  N i t t  Monzonite  where 

it has  intruded  those  rocks  in   the "7610" h i l l   a r e a .  

A narrow f a u l t  sliver of Hel l ' s  Mesa crops out i n   t h e   p a s s  

between t h e  main port ion of Stendel  Ridge and the  low hills t o   t h e  

northwest.  West-dipping  Hell's Mesa a l so  forms' a 'small h i l l   r i s i n g  

above the alluvium in t h e  extreme nor thern   par t  of t h e  mapped area 

(p la te  1). 

Crystal-rich  ash-flow  tuffs  identical   to  the Hell's Mesa occur 

i n   t h e  much-faulted  area west of the  Maldo Mine (p l a t e  -1). In 

several  places,  the'flow-banded member of the  overlying A-L Peak 

Formation is fused  to  Hell 's  Mesa t u f f s .  
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Cauldron F i l l  Facies:  Extensive  exposures  of  rocks  equivalent 

t o   t h e  Hell's Nesa also  occur  south of North  Baldy Peak. In t h i s  

area,  an impressive  100-foot  thick  outcrop  of  moderately-wdded 

Hell's Mesa t u f f  is exposed,  forming a whi te   b luf f   v i s ib le  many 

miles away ( f ig .  2) .  Near the t r a c e  of the  North  Fork Canyon f a u l t  

(p l a t e  1 and f i g .  8),  t h e   t u f f s  of the Hell's Mesa Formation  contain 

approximately 10 t o  15 percent  of  l i thic  fragments of Spears  vol- 

canic  rocks with an  occasional  piece of Madera Limestone.  These 

t u f f s  are interbedded  with  layers of breccia  composed of approxi- 

mately 85 t o  90 percent  Spears and 1 0 . t o  15 percent Madera Limestone 

wi th  minor amounts of Ab0 sandstone. qese lens- l ike   depos i t s  are 

lands l ides  and mud-flow d e p o s i t s  marking the  bases of  ind iv idua l  

ash  f lows  in  the Hell's Mesa ( f ig s .  2 and 3 ) :  The s i z e  of  individual 

fragments in   the   b recc ias   ranges  from  sand to   rare   boulders   approxi-  

mately s i x  fe,et (2 m.) in  diameter,   with an est imated  average,s ize  

of  approximately 6 t o  8 inches (15 t o  20 cm.). The matrix is com- 

posed  of f i n e l y  abraded  Spears  material  intermixed  locally  with 

small amounts of  tuffaceous  material  resembling  the.crysta1-rich 

Hell's Mesa. These  rocks  are capped  by a 100-foot  thick  layer of 

volcaniclast ic   sandstones and conglomerates composed a lmost   en t i re ly  

of Spears  material .  The He l l ' s  Mesa exposed i n   t h e   b l u f f  i s  

continuous  with, and grades  into,  thick,  moderately  to  densely-welded 

Hell's Mesa t u f f s  about 2000 f e e t   t o  the south. 

. .. 

The cha rac t e r i s t i c s  of  the Hell's Mesa in   t he   a r ea  j u s t  south 

and w e s t  of North  Baldy is es sen t i a l ly   i den t i ca l   t o   t he   ca lde ra  

f i l l   m a t e r i a l s   t h a t  Lipman (1976) descr ibes   in   the 'wes te rn  San Juan 

Mountains  of  Colorado. The interbedded  breccias  seen  in  the  area 

. .  

. .  

. .  



Figure 2. Outcrop of the  cauldron-fil l   facies  of  the  Hell 's  Mesa ash-flow tuff  south  of  North 
Baldy Peak. Individual   erupt ions  are  commonly marked by t h i n   a n e s i t i c  mudflows a t  t h e i r  
base  (dark  gray  zones). 

4: 



Figure  3a.  Lens  of  mesobreccia in the  caldera-fill  facies  of  the 
Hell's  Mesa  Formation.  M = mesobreccia 
T = Hell's  Mesa  tuff 
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Figure  3b.  Contact  of  mesobreccia  shown in 3a  with  the  enclos- . . 

ing  Hell's  Mesa  tuff.  The  contact  is  welded  to  the  meso-. 
breccia  material,  which  is  composed  of  fragments  of 
Spears, Abo,' and  Madera  rocks.  Thin  films  of  ash-flow 
material  are  found  around  many  of  the  fragments. 
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south  of  North Baldy corresponds ta Lipman's @-.'&., p.  1398) 

mesobreccia  and are   here   interpreted  as   such.  The Hel l ' s  Mesa i n  

t h i s   a r e a  is interpreted  to   have  been  deposi ted  adjacent   to  a 

topographically  high area formed.during.the  collapse  of the North 

Baldy  cauldron, the source of the Hellrs Mesa ash-flow t u f f ,  which 

is centered  south of North  Baldy.Peak. 

The mixture of  Spears, Madera and Ab0 rocks   in   the   b recc ias  

may i n d i c a t e   t h a t   t h e  lowermost  Spears  .and  lower Abo-upper Madera 

were exposed in the  caldera   wal l .   Al ternat ively,   the   Paleozoic  

f ragments   seen  in   the  breccia  may only   re f lec t  reworked mater ia l  

from  the  lower  Spears. Inasmuch as   the   cau ldron-f i l l   fac ies .of  

t he 'He l l ' s  Mesa over l ies   d i rec t ly   . the  Ab0 and Madera rocks  north 

of  the.   projected  trace of the  North  Fork Canyon f au l t   (p l a t e  1 

'and f ig .   8 ) ,   t he  first .hypothesis seems most l ike ly .   Deta i l s  a 
concerning  the  actual  extent of t he   cau ld ron- f i l l   f ac i e s  and i ts  

r e l a t ionsh ip   t o  the North  Baldy  cauldron are not  known as of t h i s  

wri t ing,   but  Krewedl (1974;~. 39) r e p o r t s   t h a t   t h i n   v o l c a n i c l a s t i c  

sediments  occur i n   t h e  Hell's Mesa a s  much as 2.5 miles south of 

North  Baldy  Peak. 

The t rue  thickness  of the Hel l ' s  Mesa Formation is nowhere 

exposed in   the  Kel ly   dis t r ic t .   Thicknesses   e lsewhere range  from 

ze ro   t o  640 feet (Chapin, 1974), and  Krewedl,(1974, p .  39) has. 

es t imated   tha t   the   tu f fs  may be  as  much as 3850 f e e t   t h i c k   i n  

c e n t r a l  Magdalena Range.  The maximum estimated  thickness in t h e  

' Kel ly   d i s t r i c t   no r th  of North Baldy is  450 feet, which was used i n  

the   cons t ruc t ion  of cross  sections.  on p l a t e  1. Actual  thickness 

may l a t e r   p rove   t o   be  much d i f f e ren t .  
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A-L Peak  Formation 

The A-L Peak  Formation is a composite ash-flow shee t  (SmLth, 

1960)  of  widespread  occurrence i n  west-central  Socorro County. 

The formation was  named A-L Peak in   the   nor thern  San Mateo Mountains 

by Deal and  Rhodes (1976), who described a thick  sequence of 

c rys ta l -poor   rhyol i t ic  ash-flow t u f f s '   conformably overlying  the 

He l l ' s  Mesa Formation. No r e l i a b l e  dates have  yet  been  obtained 

from the  rocks of the  A-L Peak  Formation.  Chapin  (pers. commun., 

1976),believes  the flow-banded member to   be   s l igh t ly   o lder   than  

the  Anchor  Canyon and N i t t  s tocks (28  m.y.), which in t rude   the  

A-L Peak in   t he   no r the rn   pa r t  of t h e   K e l l y   d i s t r i c t . .  

. .  

Deal (1973) delineated a 1arge.resurgent  cauldron  centered 

about M t .  Withington i n   t h e  San Mateo Mountains,  about  eighteen 

miles west of t he   Ke l ly   d i s t r i c t ,  where the  A-L Peak Rhyolite i s  

more than 2000 f ee t   t h i ck .  Simon (1973, p. 15) rep0r ted .a  

north-south  axis  of  transport   for some ash  flows i n   t h e  A-L Peak 

a s  determined  from  elongate pumice fragments   in   his   s tudy  area 

north-northeast  of  the San Mateo Mountains.  Several  azimuth 

direct ions  der ived from s t re tched  pumice i n   t h e  flow-banded member 

of the A-L Peak ind ica t e  a northeast-southwest  transport   direction 

i n   t h e   c e n t r a l   p a r t  of t he   Ke l ly   d i s t r i c t .  Recent  reconnaissance 

work by C:E. Chapin  and others  has  revealed  that   the  Sawmill  

Canyon area of the  southern Magdalena  Mountains may be  another 

s o u r c e   a r e a   f o r   a t   l e a s t  some of the  A-L Peak Formation. 

. .  

Within the San Mateo Mountains,  Deal (1973) described  the A-L 

Peak  Formation as a 2000-foot-thick  sequence  of  crystal-poor 

rhyol i t ic   ash- f low  tuf fs .  Outward from t h e  San  Mateo Mountains, 
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the A-L.Peak is thinner  and has-andesite  f lows and So lcan ic l a s t i c  

sediments.  North of t h e  Magdalena d i s t r i c t ,  Brown (1972) named 

t h e   u n i t   t h e   t u f f  .of Bear  Springs.,  which he  subdivided  into six 

members having  an  aggregate  thickness of about 1000 f ee t .  Woodward 

(1973) noted  eight members i n  the formation and rec0rded.a 1400-footr 

thickness   in   the  Lemitar  Mountains  approximately  fifteen miles 

east-northeast  of Magdalena.  Simon.(1973) distinguished s i x  

members of the A-L Peak  Formation  with an est imated  total   th ickness  

of 700 t o  900 f e e t   i n   t h e   S t l v e r  H i l l  area.  Within  the Magdalena 

Mountains,  Krewedl (1974) recorded  asequence  of A-L Peak-like t u f f s  

and andesi tes   with a reported maximum thickness  of  about 4000 

f e e t   i n   t h e   c e n t r a l   p a r t  of the  range. 

Within  the  area of this  study,  . the A-L Peak Formation may be 

.comprised  of  three  rhyolite-ash-flow members which are l o c a l l y  

separated by andesi te  flows. The  members are,  in  ascending  order: 

(1) the  gray  massive member, (2) the  flow-banded t u f f  and associated 

sediments, and (3) the  pinnacles member;  The thickness.  of  the A-L 

.Peak  Formation i n  the  K e l l y  d i s t r i c t  cannot  be  accurate1y.determined 

because  of  faulting  and  limited . exposures,  but a reasonable   es t i -  

mate is 500 t o  800 feet. Because  of the  composite  character and 

incomplete knowledge of   the  detaiLed.s t ra t igraphy of the  A-L Peak 

Formation, t o t a l   t h i cknesses  and loca l   s t r a t ig raphy  may vary from 

those   c i ted   in   th i s   paper .  . 
In  view of t he   f ac t   t ha t  Brown (1972)  and Simon (1973)  have 

rather   detai led  petrographic   descr ipt ions  of   the  var ious members 

of t h e  A-L Peak  Formation, only pertinent  features  of  the  rocks 

r e a d i l y   d i s t i n g u i s h a b l e   i n   t h e   f i e l d  w i l l  be  described below. 
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=Massive Member - The gray massive member is described 

by Brown (1972) a s   t h e   b a s a l  member of the  A-L Peak  Formation i n  

the  southern Bear Mountains. The unit is a massive,  cxystal-poor 

r h y o l i t i c  ash-flow tuff   character ized by a d i s t i n c t ' p a u c i t y  of 

crystals .   Phenocrysts   rarely exceed 10 percent  of  the  tot&  rock 

volume, with  euhedral   sanidine  as ' the most abundant  phenocryst 

accompanied by qua r t z ,   b io t i t e ,  and rarely,   p lagioclase,  The 

unit has   no t   been   pos i t ive ly   ident i f ied   in  the Kel ly   d i s t r . i c t ,  

but  one small outcrop of well-altered  crystal-poor  rhyolite  tuff ,  

measuring no more than a f e w  feet   square,   possibly  correlat ing to . 

t h e  gray-massive member, is exposed j u s t  west of the  Contact  shaft .  

It appears  to  be a sliver along  the Waldo f a u l t  zone. 

Flow-Banded &der - The flow-banded member .of the  A-L Peak 

.Formation is densely-welded,  crystal-poor  ash-flow  tuff  charac- 

t e r i zed  by a conspicuous  flow-banding marked by f l a t t ened  .and 

e longated 'gas   cav i t ies   ( the   " len t icu l t ies"   o f  Mackin, 1960) and 

pumice. Outcrops  of t h e  flowbanded  tuff  usually  have a p l a t y  

f r a c t u r e   p a r a l l e l   t o   t h e   f o l i a t i o n ,  and banding is of ten .contar ted  

i n  asymmetric  folds  of  varying  wavelengths.  Phenocryst  content is 

general ly  less than 10 percent,   consisting'almost  wholly  of  sanidine 

and quartz.  

The flow-banded member i s  widespread  within  the  Kel ly   dis t r ic t ,  

occur r ing   in  a .discontinuous band west of t h e  major  range-bounding 

f a u l t  from  Stendel  Ridge to   the  hrgh  r idge  a t   the   southern  boundary 

of the mapped area.   Within  this   area,   the  flow-banded tu f f   has  , 

been  variably  affected by a l t e r a t ion .   In   t he  low h i l l s   nor thwes t  

of  Stendel  Ridge,  the flow-banded unit '   exhibits  shades  of brown 



.c and.purple and i s  hornfelsic,  apparently  having  been  baked hy the  

underlying  stock. In the   area  northwest   of   the  Waldo tunnel ,   the  

steeply-dipping  tuff  has ... been  bleached and is  l o c a l l y  pocked with 

l imoni te   pseudomorphs .a f te r   pyr i te .   S t i l l   fu r ther   south ,  in ex- 

posures  along the high  northwest-trending  ridge at the  southern 

boundary  of the   s tudy   a rea ,   the  flow-banded unit  has  been..exten- 

s ive ly   b recc ia ted  and s i l i c i f i e d   a l o n g  a northwest-trending  .fault. 

Here t h e   t u f f  is usua l ly   l i gh t  t o  medium gray, w i t h  cont ras t ing  

l ight-colored  s t re tched pumice. In t h e   f a u l t  zone,  angular  frag- 
. .  

. ments of the  flow-banded .uni t  are .read.i ly  visible i n  areas of 

vuggy .breccia,  but  fragments are distinguishable  only on c lose  

inspec t ion   in   those   a reas  where the   b recc ia  is cemented by  gray 

s i l i c a   t h a t   o f t e n   h a s  a finely-banded  appearance.  Away.from  the 

f a u l t ,   t h e   t u f f  is l e s s - s i l i c i f i e d  and purplish  hues,   typical  of 

t he   f r e sh  f1ow:banded tuff  elsewhere,   are common. The flow-banded 

member is found i n  welded contact with the  underlying Hell's Mesa 

Formation i n  the area  south and west  of  the Waldo tunnel. In one 

f au l t   b lock   j u s t  west of  the Waldo, the  contact   between  the  uni ts  

appears   to   be marked by a small conglomerate-filled  channel c u t  

i n t o  the older  rock. The contact   wi th  the  overlying  pinnacles  

member is variable ,   but   appears   to   be unwelded, a s  it is marked 

by the abrupt  appearance-of  poorly-welded pumice fragments and 

local  volcaniclastic  sedimentary  rocks.  The. outcrop of flow-banded 

t u f f   i n   t h e  low h i l l s  northwest of Stendel'Ridge  contains what 

appears   to   be a faul t -control led (?) channe l   f i l l ed   w i th   s t r a t i f i ed ,  

e 
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. .  

e coarse-grained  volcaniclastic  sandstones 
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The true  thickness  of the flow-banded member of t he  A-L Peak 

Formation i n  the Ke l ly   d i s t r i c t  is impossib'le to  determine  because 

of  limited  exposures. Brown (1972) r e p o r t s ' a  thickness of  120 

feet in  the southern Bear Mountains, and t h e   u n i t  is probably  no 

more than 200 feet  thick in the area of this study. 

Pinnacles Member - The pinnacles member in  the Kelly' district 

i s  a moderately t o  densely-welded rhyo l i t e  ash-flow t u f f   t h a t  

corresponds  to  the "upper tuff"  of Brown's (1972) t u f f  of Bear. 

Springs and t o  Simon's  (1973) "pumiceous member". The exact  posi- 

t i o n  and character o f - t h e   t u f f  above the flow-banded member is 

poorly  understood.  In  the  southern Bear Mountains, the  pinnacles 

member (as used i n  this paper) is separated from the flow-banded 

member by andesite.  Simon (1973) reports  no such  andesite in  the  

' S i l v e r  H i l l  area. Within  the  Kelly  district;both  situations may 

be  present.  West of the  Waldo tunnel,   the flow-banded uni t  is in 

sharp  contact w i t h  a moderately-welded rhyo l i t e  ash-flow t u f f   t h a t .  ' 

d i f f e r s  from the underlying units i n  i t s  lesser degree of  welding 

and  consequently more ovoid  or  lenticular p&ce fragments and by 

the apparent  lack of any  contorted flow-banding. The u n i t  is 

apparently more porous and permeable, as it is  usually the more 

h ighly   a l te red  of the two rocks.  Other small exposures of the  

t u f f  are exposed  between  North Camp and the  Kelly  townsite,  where 

the t u f f  i s  a l so   i n t ense ly   a l t e r ed  and has  been  bleached io colors 

ranging  from cream t o  orange.  Locally-conspicuous pumice have  been 

stained purple,  possibly by solutions  containing manganese. 

. .  
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The pinnacles member is missing-above  the flow-banded unit 

south  of  Chihushua Gulch. Instead,   the  flow-banded un i t  is suc- 

ceeded by a p p r o x h t e l y  200 f e e t  of  non-porphyritic  andesite 

( see   p l a t e  1). 

Andesites  Interbedded  in  the A-L Peak - Andesite. is found 
"" 

interbedded  with the A-L Peak  rocks  only at  the  extreme  southern 

edge  of  the d i s t r ic t ,  where i t  separates  the pinnacles member from 

t h e  flow-banded member. Andesite is found  interbedded a t   d i f f e r e n t  

s t r a t ig raph ic   pos i t i ons  a t  various  places  outside of the  Kelly 

d i s t r i c t .  Simon (1973)  and Brown (1972) report   andesi te  between 

the pinnacles member and the  tuff   of   Allen Well; Brown a l s o  des- 

cr ibes   andesi te   between  the flow-banded member and the  pinnacles 

member.  Woodward (1973) reported a thicker  sequence of andesi te  

flows a t   bo th 'o f   t he  above s t r a t ig raph ic   pos i t i ons   i n   t he   Lemi ta r  

Mountains. 

The andesi tes   are   typical ly   dark and outcrops  weather  to 

talus-covered  slopes.  Lineated amygdules a r e  commonly f i l l e d   w i t h  

quar tz ,   ca lc i te ,  or celadonite.  The f resh   sur faces  of the andesi tes  

range from gray to   da rk  reddish-brown, and generally  weather  to 

l ighter   shades of brown. The i n t e r i o r  zones  of t h e  flows. a r e  

generally  dense and aphani t ic .with a few phenocrysts of  pyroxene 

and/or  olivine. The pyroxenes are usually  hematized,  giving  the 

rocks a c l o s e   s i m i l a r i t y   t o   t h e  younger La Jara Peak andesites.  

The flow  tops  and  bottoms  are  vesicular and autobrecciated.  Thin 

volcaniclast ic   sandstones  are   local ly   intercalated  with  the  f lows.  

Andesites of similar character  are found as  faulted  remnants 

rimming the  western and northern  s ides  of t h e   h i l l  on the  north 
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* s i d e  of the mouth of Mistletoe Gulch.  0,utcrops of the  andesi te  

at the southern  edge  of  the  district   indicate  that   the  thickness 

of the uni t  i s  approximately 300 feet. The andesite i s  bel ieved 

t o  f i l l  erosion  channels  in the A-L Peak t u f f s  and may pinch  out '  

rapidly.  

. .  

Tuff of Allen Well 

The name tu f f  of Allen Well is appl ied  to  a rhyo l i t i c ,  mul- 

tiple-flow, compound cooling  unit  that disconformably  overlies.the 

pinnacles member of the A-L Peak  Formation.  Chamberlin.  (in.prep.) 

and Osburn (in prep.)   have  recently  identified  the  source  of  the 

tu f f  of Allen Well as the  Socorro  Cauldron(s),  centered in the 

Chupadera  Mountains, south of Socorro. The Socorro  Cauldron(s) 

I a 

a 'occurs at  the northeastern end of a group of overlapping  cauldrons . 

which extend  southwestward  through the Magdalena and San Mateo 

Range (see f ig .  7 ) .  

The t u f f  of  Allen Well is  composed of two  members: a 

crystal-poor  lower unit which  strongly  resembles  the  gray  massive 

member of the A-L Peak  Formation and a crystal-r ich uppermember 

which is very similar i n  appearance  to  the Hell 's Mesa Tuff. 

Both the upper  and  lower members are present in t he   Ke l ly   d i s t r i c t ;  

a l l  outcrops of the tuff  occur  south of the  Kelly  townsite (plate 1). 

The upper pa r t  of the densely-welded,  crystal-poor  lower 

member of the tu f f  is exposed i n  the low h i l l s  approximately 2000 

f e e t  ESE of the old  charcoal oven, i n   t h e   c e n t r a l  p a r t  of  Section 

1, T3S, R4W (plate 1). It is  seen t o   b e  welded t o ,  and  grade 

upward in to ,  the crystal-rich upper member. The upper member  may ' 

* 
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be  distinguished  only with d i f f i c u l t y  from the Hell's.Mesa Tuff i n  

hand specimenby the s l igh t ly   g rea te r   ra t io . .u f   mat r ix- to  crystals  

and the somewhat.greater  bioti te  content of the tu f f  of  Allen Well. 

The s imi l a r i t y  between the t u f f  of A l l e n  Well and the Hell.'s Mesa 

has caused some confusion in  earlier s tudies .  

F a u l t e d   s i l i c i f i e d  remnants .of the tu f f  of Allen Well occur, 

surrounded  by  andesites of the A-L Peak  Formation, near the mouth 

of  Mistletoe Gulch (p la te  1); another  brecciated and s i l i c i f i e d  

s l i v e r  of the lower member occurs  enclosed  in  andesites of the ' 

Andesite of  Landavaso Reservoir a t  .South Camp (p la te  1) - A f l a t -  

lying  outcrop  consisting of both members of the tuff   caps  r idges 

a t  the southern end of the  mapped area, where i t  overl ies   andesi tes  

of the A-L Peak  Formation (p la te  1). The tu f f  is overlain by 

andesites similar to   those found  interbedded i n  the A-L Peak on 

the "9618" peak  approximately  one mile west of  North  Baldy. 
e 

The maximum exposed  thickness of the tuf f   in   the   Kel ly   d i s -  

t r i c t  is about 200 fee t .  Chamberlin (in prep.)  reports as much as 

500 f e e t  of the lower member and 500 f e e t  of the upper member within 

the Socorro  cauldron. He has renamed the unit t h e  Lemitar Tuff, 

after better  exposures o f  these r o c k s i n  his study area. Simon 

(1973) reported a p a r t i a l  thickness of almost 100 f e e t  a t  the type 

loca l i t y .  Chapin (pers. commun., 1977) reports  a K-Ar age of 

26.321.0 m.y. fo r   t he  upper member of the t u f f .  ..This age  pould 

ind ica t e   t ha t  the tu f f  of Allen Well was erupted  subsequent  to 

the intrusion  of  the N i t t  and Anchor Canyon s tocks (28 m.y.) and, 

therefore ,  may have  flowed into  the  depression formed by the 
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collapse  of the Magdalena. cauldron,.fomed  during the e r u p t i o n  of 

t h e  flow-banded member of the A-L Peak  Formation. 

The Andesite  of Landavaso Reservoir 

. The andesite  of.  Landavaso  Resesvoir is a highLy.:variable. series 

of porphyr i t ic   andes i te  flows named f o r  exposures.  near  Landavaso 

Reservoir,  west of t h e   K e l l y . d i s t r i c t  (Simon, 1973). The andes i te  

i s  c o r r e l a t i v e   t o   s e v e r a l   u n i t s  mapped by Loughlin.and Koschmann 

(1942) in   the   southwes tern   par t  of the.Magda1enadis t r ic t ;   including 

t h e i r  "red  andesite",  "red  rhyolite",  and  "upper  andesite"  (fig. 1). 

Exposures  of t he   andes i t e   i n   t he   Ke l ly  d i s t r ic t  are . r e s t r i c t ed  

to   the   a rea   south .of   Kel ly  and west of t h e  South Camp f a u l t . .  The 

andesi te ,  capped 'by upper t u f f s ,  forms the  bulk  of the h igh   r idge  

in  t h e  west ha l f  of Section 13 i n  the southwest  comer of Ehe-dis- 

' t r i c t ,  and is  exposed on most-of  the low, rounded h i l l s   n o r t h  of 

South Camp. Var iab le   l i tho logies  and  hydrothermal a l t e r a t i o n  

appear t o  have  caused  Loughlin  and Koschmann (1942, p. 28-29) t o  

d i s t ingu i sh   t h ree   d i f f e ren t   f ac i e s   i n   t he   un i t  and to   confuse  

a n d e s i t e s   i n   . t h e  A-L Peak  .Formation w i t h   t h o s e   i n   t h i s  unit. 

Exposures  of  the  andesite of Landavaso Reservoir are general ly  

confined  to  small ledges. or outcrops on the larger hills and t o  

abundant  blocky  fragments  covering  the ground i n   a r e a s  of lower 

r e l i e f .  The andesi te  i s  composed  of a number of  flows  thaE are 

' highly  variable  in  both  composition and texture .  They are dis- 
.. 

t inguished from the .andes i tes  of other  units by the i r   h igh ly   va r i ab le  

character  and the   fac t   tha t   they   tend   to   be   porphyr i t ic ,   wi th  

. ' ' phenocrysts  of  plagioclase,  pyroxene, and b i o t i t e   b e i n g   r e l a t i v e l y  

- 
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conspicuous.  Fresh  surfaces are .commonly. shades  of.  gray o r  

reddish-gray and  tend to  weather  to  shades  of  reddish-brown or 

brownish-gray. The flows are   o f ten   .ves icu lar ,   wi th   ves ic les   be ing  

a s  much a s  one  centimeter  in  diameter,   occasionally  f i l led  with 

calci te ;   opal ,   or   celadoni te .  I r r e g u l a r  bands  of  hematite 

s t a i n i n g   a r e  common .on. most outcrops. 

The thickness and l a t e ra l   ex t en t .o f   t he   i nd iv iduaLf lows  . 

cannot  be  determined  because of limited  exposures. Zones of 

auto-brecciated  f low  material   are common i n   t h e   ' b a s a l   p o r t i o n s  of 

many of the  flows. Some flows  appear t o   be   en t i r e ly   b recc ia t ed .  

Although a detai led  s t ra t igraphic   s tudy  of   the  andesi te   of  

Landavaso  Reservoir i s  not  included  in this r e p o r t ,   t h i s   w r i t e r  

no ted   tha t  what  appeared t o  b e   a l t e r e d   l a t i t i c ' o r   r h y o l i t i c  ash-flow 

t u f f s  were  interbedded  .with  the  andesites of t h i s  unit; One such 

t u f f  was noted  in   the low h i l l   j u s t   s o u t h e a s t  of the  old  charcoal  

oven in   t he  west ha l f  of  Section 1, T3S, R4W and ano the r   i n  t h e  

extreme  southwestern  part of the mapped area ( p l a t e  I). The ac tua l  

extent  and r e l a t i v e  amounts of  the  ash-flow  t,uffs in t h e   a n d e s i t e  

of  Landavaso  Reservoir w i l l  r equi re   fur ther   de ta i led  work. 

. .  

' Simon (1973, p. 36) ,   in   h i s   pe t rographic   s tudy   of   the   andes i te  

of Landavaso  Reservoir,  observed that they were porphyr i t ic   wi th  a 

f e l t y   t o   p i l o t a x i t i c  groundmass. H e  noted  that  phenocrysts; con- 

*. 
i 
! 

s i s t i n g   l a r g e l y  of  plagioclase,   pyroxene, '   bioti te and hornblende, 

formed 15 t o  40 percent  of  the  total   rock volume, with  plagioclase 

being  the dominant  mineral. H e  was ab le   to   d i s t inguish .   four  types  of 

andes i te  f lows :  (1) plagioclase-pyroxene, . (2) plagioc lase-b io t i te ,  

( 3 )  plagioclase-pyroxene  bioti te,  and ( 4 )  plazioclase-hornblende. 
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Loughlin  and Koschmann ( 1 9 4 2 , ' ~ .  29) i den t i f i ed   t he   a l t e r ed ,  

variable  volcanic  rocks  forming the low .h i l l s   no r th -  of  South. Camp 

as "red  rhyolites" and  noted  that. i t  resembled t h e i r  "red  andesite" 

but  was somewhat more. pale .   in   color .  an& was d i s t i n c t l y   s i l i c i f i e d .  

These  rocks  have been. i d e n t i f i e d  as al tered  f lows  of   the.andesi te  

of  Landavaso  Reservoir. The rocks   he re   a r e   l oca l ly   i n t ense ly  

brecciated and s i l i c i f i e d .   B a r i t e  and drusy  quartz are l o c a l l y  

. present ,   especial ly   a long  larger  fractures and in  some:vugs. Minor 

. .  

copper   s ta in ing   has   en t iced   prospec tors   to   d ig   smal l   p i t s  on some 

of the more promising shows. 

The true  thickness   of   the   andesi te   of  Landavaso Reservoir is 

nowhere  exposed i n   t h e   K e l l y   d i s t r i c t .  Recent  regional work has 

ind ica ted   tha t   the   andes i te  of Landavaso Reservoir i s  r e s t r i c t e d  

. largely  to   the  geographic   area of the  Magdalena cauldron,  the 

eastern boundary of  which is in te rpre ted  in th is   paper  t o  extend. 

northward  through  the  Kelly  district. It thus   appears   tha t   the  

andesite is part   of  the  cauldron f i l l  o f  the.Magdalena  Cauldron. 

A s  such ,   the   th ickness   in   the   south  end of the   Kel ly   d i s t r ic t   could  

be  considerable,  and could  exceed t h e  800 fee t   repor ted   by  Simon 

(1973) i n   t h e   S i l v e r  Hill area.  

None of the  andesites' ,has  been  dated; however, they l i e  

between the t u f f s  of  the A-L Peak  Formation  (about 28-29  m.y.) 

and t h e  26  m.y.-old Upper Tuff. I 

Upper Tuff 
. 

Crystal-rich  ash-flow  tuffs  cap  the  andesite of  Landavaso 

Reservoir  west of the South Camp f a u l t   i n   s e c t i o n  13 at the extreme 
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southern  edge  of   the  dis t r ic t .  The. t u f f s   a r e   l i g h t - g r a y . t o . l i g h t  

brownish-gray on f resh   sur faces  and generally  weather  to a 

purplish-gray. The outcrops'  formsomewhat  resistant  .ledges and 

blocky  talus.  Hand'specimens are typical ly   densely welded and 

contain  phenocrysts  of  quartz,  chatoyant  sanidine,  plagioclase, 

and some coppery-hued-biotite.  These  tuffs are similar. t o   t h e  

Potato' Canyon Rhyolite  described by Deal (1973), and  Deal and 

Rhodes  (1976). Pa r t i a l   t h i cknesses  of  the Upper Tuff  measured at  

the southern  edge of the   Kel ly   d i s t r ic t   approach  250 f ee t .  Thick- 

nesses  of  siinilar  rocks  elsewhere  range  from 3300 f e e t   i n   t h e  San 

Mateo Mountains  (Deal,  1973) t o  at  l e a s t  600 feet i n   t h e   S i l v e r  H i l l  

a rea  (Simon, 1973, p. 4 0 ) .  A f i ss ion- t rack   da te  of 30.321.6 m.y. 

was obtained on a sample 200 f e e t  above the   base   a t   the   type   sec t ion  

e 'of the  Potato Canyon Rhyol i te   in   the  San Mateo Mountains by  Smith 

i n d  others  (1973), but  Chapin (pers.  commun., 1976)  has  recently 

-obtained a 26 m.y. age by the  K-Ar'method on a c o r r e l a t i v e   u n i t   i n  

the J o y i t a  H i l l s .  

ne Upper Tuff a l so   appears   to   be  a cauldron. f i l l   u n i t   t h a t  

flowed i n t o  - .  the   depression formed during  collapse of t h e  Magdalena 

cauldron. The Upper Tuff  has  an  age  roughly  equivalent t o   t h e   t u f f  

,of  Allen Well, a post-A-L Peak  unit, and may be  equivalent   to  the 

i n t r a c a l d e r a   t u f f s  and sedimentary  rocks  described  below. Osburn 

(.in prep.) has recen t ly   i den t i f i ed  a~ thick  sequence of cry'stal-rich . 

tuffs  within  the  Socorro  Cauldron  ( the  tuff   of  South Canyon) t h a t  

may be  equivalent   to  the Upper Tuffs. 



* .  
Intracaldera   Tuffs  and Sedimentary Rocks 

A series of f e l s i c   t u f f s  and sedimentary  rocks  occurs .on t h e  

isolated  cresent-shaped  hi l l   west  .of the.Kelly  townsite.  A t  the  

eastern base  of   the  hi l l ,   about  40 f e e t  o f  volcaniclast ic .   sedi-  

mentary'.rocks and poss ib l e   a i r - f a l l   t u f f s  are' in   probable . . faul t  

contact  w i t h  A-L Peak-l ike  andesi tes   to   the  east   (plate  11.. The 

sedimentary  rocks  exhibit good laminar  bedding  with.individua1  beds 

generally  not  exceeaing two inches  in   thickness .  Cross-bedding 

is not common.  They contain a few percent of l i t h i c  fragments, 

most of which  appear to  be  pieces  of  crystal-poor  ash-flow  tuff.  

Overlying  the  sedimentary  roiks is a series of unwelded t o  

moderately-welded,  crystal-poor to   crystal-r ich,   ash-f low  tuffs .  

Directly  overlying  the  sedimentary  rocks is a crystal-poor  unit  

containing  moderately t o  densely-welded pumice as much as four 

inches  in   length.  This tuff  .contains  approximately 10 percent  o f  

* 
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crystals,   predominately  -quartz^-and  orthoclase;   Felsic  l i thic  frag- 

ments  comprise  about 20 percent  by volume o f  t h i s   t u f f  and  appear 

to   be  concentrated  most ly   in   the  central   par t  of t h e . u n i t ,  which 

may mark a contact .between two s imi l a r  ash-flow t u f f s .  Other 

c rys ta l -poor   tu f fs ,  with varying amounts. of pumice.and  exhibiting 

varying  degrees  of  welding,  overlie  this  basal  unit.  Interbedded 

w i t h  these  crystal-poor  tuffs i s  a crystal-r ich  uni t   less   than 

f i f t e e n   f e e t   t h i c k   t h a t  forms discontinuous  outcrops on t h e  

western s i d e  of the hil l .  The c rys t a l - r i ch   t u f f .  i s  s i m i l a r   i n  

many r e spec t s   t o   t he   t u f f  of Allen Well, and some crystal-r ich 

t u f f s  i n  the Potato.Canyon  Rhyolite  (Deal, 1973). The u n i t  
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e '  . contains  conspicuous  quartz  phenocrysts. and c r y s t a l s  of plagioclase ' 

(?) and b io t i t e .   F l a t t ened  pumice a s  much a s  one inch   in   l ength  

give the tuff an eu tax i t i c .   s t ruc tu re  and a re   pa r t i cu la r ly  abundant 

towards t h e  base of t he   . un i t .  

. These tu f f s   a r e   ove r l a in  by dense,  red  and.brown,  non-porphyri- 

t i c   a n d e s i t e s  similar to   andes i tes  of the  A-L Peak  Formation. 

These  andesLtes f o m m a r c u a t e ' o u t c r o p   i n   t h e   t u f f s ,  which sug- 

ges t s   tha t   they  may f i l l  a channel  eroded i n   t h e  ash-flow tu f f s .  

The andesi te  is apparently  not  equivalent t o  the  similar La J a r a  

Peak  Andesite,  as i t  has  been  hydrothermallyaltered.  Widespread 

hydrothermal  al teration  preceeded  deposit ion of the  La J a r a  Peak 

Andesite, (Chapin,  1971b). 
. .  . 

The t u f f s  and s.edimentary  rocks  have  been  intensely  altered 

and a r e  a uniform  cream t o   l i g h t -  orange,  speckled  profusely  with 

t iny   l imoni te  psuedomorphs a f t e r   py r i t e .   A l t e ra t ion  of t h e   t u f f s  
e 

i s  as   severe   as  any i n  the d i s t r i c t  and may be   r e l a t ed   t o   f l u ids  

circulating  along  the  margin  of t h e  N i t t  s tock, which is  probably 

under   the  a l luvium  at  no .g rea t   d i s tance   to   the ,nor th .  . .  

, .  

The ex tens ive   a l t e r a t ion  of t h e   t u f f s  and sedimentaryrocks 

i n   t h e  h i l l  west  of  Kelly  cause  the  tuffs  to  resemble somewhat . ' 

t he   rhyo l i t e  ash-flow t u f f s  of the A-L Peak Formation.  This 

s i m i l a r i t y ' l e d  Loughlin. and Koschmann~ (1942) t o   c o r r e l a t e   t h e s e  

rocks  with  their   "pink  rhyol i tes"  and to   equate   the   c rys ta l - r ich  

tu f f s   w i th   t he i r   " rhyo l i t e  porphyry sill". More de ta i led  knowledge 

of   the  volcanic   s t ra t igraphy  has  shown that   the   upper: tuffs   are  

not  equivalent  to  the  rocks of t h e  Hell's Mesa and A-L Peak 

Formations  but   are , . in   fact ,  younger. 
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The t u f f s  and volcaniclastic  sedimentary  rocks  are  interpreted 

to   be  intracaldera   deposi ts   wi thin.   the  Magdalena. Cauldron. They a r e  

products of post-cauldron  collapse-ash-flow  tuff  eruptions and 

erosion  of  older  rocks nrithin thecauldron. .  The deposit ion .of these  

rocks  preceeded the eruption of the L a  J a ra  Peak Andesi te  and may 

have  been  contemporaneous with  the.deposi t ion of the  andesi te .  of 

Landavaso  Reservoir. The outcrop  west of the  Kelly  townsite may 

represent  only a small par t  of a larger mass of s imilar   cauldron-f i l l  

deposits  buried under the  La Ja ra  Peak Andesite. ' 

Ter t ia ry   In t rus ive  Rocks 
% 

Several  large  dike- or s tock-l ike  intrusive  bodies   of   Tert iary . .  

age   a re  now known within  the  Kelly  mining  district .  Two of   these 

bodies ,   the  Anchor  Canyon  .and N i t t  s tocks ,   a re  p a r t  of a large, 

composite  pluton  intruded  along  the  eastern  margin of t h e  Magdalena 

Cauldron and designated  the Magdalena pluton by C.. E. Chapin 

(pers. conuam., 1973). The N i t t  Monzonite and Anchor Canyon Grani te  

a re   d i s t inguishable   bodies   wi th in   the   l a rger   in t rus ive   mass ' tha t  has' 

a north-south  dimension  of s i x  and one-half miles and.has a maximum 

east-west  dimension. .of. four  miles.  Within  the  pluton..are a' va r i e ty  

of facies   ranging from . andes i t e   a t  the borders  through  .alkali  gabbro 

(D. Braun, pers .  commm., 1974) and mafic  monzonite t o   q u a r t z  

monzonite and granophyre. 

The lat i te porphyry  of  Mistletoe Gulch occurs ' as   severa l  

large  dike- l ike  bodies   in   the  southern  par t   of   the   dis t r ic t ,  which 

may represent   par t   of  a ring  dike  along  ' the  east   edge of t h e  

Magdalena cauldron. In the  same area,  the  Linchburg  Quartz  Monzonite 
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forms a body of mknown s ize .  and geometry  which is  exposed  only i n  

the  workings of the.Linchburg.mine.'  Both of these  intrusive  rocks 

appear t o  have  had s ign i f i can t   e f f ec t s  on the  patterns  of  hydro- ' . 

thermal   a l te ra t ion  and. ore  deposition  within  .the  Kelly  mining  dis- 

t r i c t ;  Other i n t r u s i v e b o d i e s  are known from l i m i t e d   d r i l l i n g   a t  

North  Baldy Peak and near the.Vindicator Mine. , 

. .  

Dikes  are  commonwithin  the  Kelly district, espec ia l ly   in .   the  

a rea   nor th  of Chihuahua  Gulch (p l a t e  1). Many of the-d ikes  .can be  

correLated t o  one or another of t h e  known s tacks,   but  no d ikes   a re  

known fo r   s eve ra l  of  the  buried  intrusives.   Figure 4 shows t h e  

d i s t r i b u t i o n  of the known exposed and buried  intrusive  bodies   in  

the K e l l y   d i s t r i c t .  

Anchor Canyon Granite . .  

The Anchor Canyon stock is t h e   l a r g e s t  exposed i n t r u s i v e  body 

in the  Kel ly   mining  dis t r ic t .  It is  exposed  over  about 2-1/2 

square  miles   a t   the   northern end of t h e   d i s t r i c t ,   e a s t   o f  

Hardscrabble  Valley. The rocli of the   s tock,  which  has  been  dated 

at  28.3 m.y.  (Weber and Bassett ,  1963) was in i t i a l ly   desc r ibed  as  a 

g r a n i t e  by Loughlin  and Koschmann ( 1 9 4 2 ) ,  Park  (1971).found it t o  

be a composite,  horizontally and v e r t i c a l l y  zoned i n t r u s i v e  'com- 

pr ised of four   dis t inguishable   facies .which  include:  (1) augi te  

quartz  monzonite, (2) hornblende  bioti te  quartz  monzonite,-(3) 

augi te   g ran i te ,  and ( 4 )  hornblende  bio.t i te  granite.  Park found 

that   contacts   between  l i thologies   are   gradat ional  and t h a t   t h e r e  

i s  a systematic   composi t ional   var ia t ion  in   both  the  ver t ical  and 

east-to-wes.t d i rec t ions .  



Figure 4 .  Index map showing locat ions of exposed and known 

Canyon stock, (2) N i t t  Monzonite, (3) Vindicator 
o r  suspected  buried  intrusive  rocks: (1) Anchor 

in t rus ive ,  ( 4 )  Linchburg  stock, (5) North  Baldy s tock.  

. .  
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In t he   f i e ld ,   rocks  of the Anchor  Canyon stock  appear  leuco- 

c r a t i c ,  with the  color   of   f resh  rock  varying  f rom  l ight-   to  . 

dark-pinkish-gray  with  increasing  grain  size  (Park, 1971, p. 23).  '. 

The rock  weathers t o   b u f f ,  is resis. tant  to  erosion, and forms 

espec ia l ly  rugged  outcrops in  the  Hardscrabble  Gulch and  Anchor 

Canyon areas .  Sphene is  conspicuous i n  some areas,  which  accord- 

ing  to  Park,   correspond  to  the  augite-quartz  monzonite  facies of 

the  s tock.  

. .  

Park's  study of t h e  Anchor  Canyon stock  includes a de ta i l ed  

descr ip t ion  of the mineralogic and geochemical va r i a t ions  of the  

in t rus ive .?n  which he  notes   that   the   major   const i tuents   include 

plagioclase,   or thoclase,   microperthi te ,   quar tz ,   b iot i te ,   hornblende,  

and augi te .  Major accessory  minerals  include  magnetite,   apati te,  

.sphene,  zircon and a l l a n i t e .  H i s  s tudy  indicated  that   the   s tock 

was not   s ign i f icant ly   hydro thermal ly   a l te red ,   as   se r ic i t iza t ion  o f  

p l ag ioc la se   i s ' s can t  and ch lo r i t i za t ion  of b i o t i t e  i s  minor. 

Contacts  with  the  wall   rocks are generally  sharp and xenol i ths  

are common near  the  margins.   Xenoliths  include  quartzite,   Pre- 

cambrian  granite,  monzonitic  rock, and limestone, and r ange . in  s ize  

from a few inches t o  more than two feet   in   diameter   (Park,  .%. &., 
p. 4 2 ) .  Park  notes   that   contact  metamorphic e f f ec t s   a r e   gene ra l ly  

absent  or  are  very  minor;  few such  effects  were seen in  t h e   f i e l d  

by t h i s   w r i t e r .  

The western boundary of tlie stock is marked by the  Vindicator 

f au l t ,   a long  which there  i s  no apparent  contact a t   t h e   s u r f a c e  

between the immediately  adjacent  limestones and the  s tock,  due t o  

the intervening  white  rhyolite  dike.  Along t h i s  zone,  the Anchor 



Canyon Granite shows l i t t l e  evidence  of signi.ficant..hydrothermal. 

a l t e r a t i o n  a t  the  surface,  although  the  Paleozoic  rocks  have  been 

considerably  a l tered and metasomatized  over l a r g e   a r e a s . j u s t  a 

f e w  f e e t  away. Recent dr i l l ing .a long   the   contac t .  zone has   revealed 

t h a t   t h e  Anchor  Canyon Granite has   been   a l te red   a t .depth   in   cer ta in  

a reas .  The grani te   has  been i n t e n s e l y   s e r i c i t i z e d   l o c a l l y ,  and 

disseminated  pyri te   and 'specular i te   are   abundant   in  some areas  

, adjacent  to the  Vindicator  Fault .  Minor chalc'opyrite i s  found i n  

v e i n l e t s  and a s  sparse disseminated  grains  in  the more intensely ' ' 

pyr i t ized   a reas ;  

The N i t t  Monzonite lies south and west  of  the Anchor Canyon 

Granite,  occupying  the  southern  half  of  Hardscrabb1e:Valley and . 

underlying  Stendel Ridge. The N i t t  Monzonite  has  been.dated a t  

28 m.y. by Weber and Bassett  (1963) and although  only a f e w  fee t -  

separate  rocks of th.e N i t t  and  Anchor Canyon s tocks  a long. the 

eas t e rn   s ide  of Hardscrabble  Valley, 'no di rec t   contac t . re la t ionships  

are exposed tha t   could   def ine   the   re la t ive 'ages  of the  two in t rus ive  

bodies. 

a 

Rocks of t h e  N i t t  Monzonite.are known i n   t h e  workings of the  

' Waldo mine, at i e a s t  1000 f ee t   sou th  of the  southernmost  surface 

exposures.  Nmerous small patches of  monzonite a r e  exposed  along 

the low r idges and valleys  west of  Stendel  Ridge. The presence  of 

rocks  very  similar to t h e  N i t t  Monzonite on a s m a l l   h i l l   j u s t   e a s t  

of the Magdalena v i l l a g e  l i m i t s  and over a considerable  area  north 

of Magdalena  Peak, about  four miles west of Stendel  Ridge,  indicates 

that  monzonite may be  the dominant f ac i e s   i n   t he  Magdalenn composite 

p lu t  OIL. 
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. The monzonite. . is   typically-fine-  to medium-grained and 

non-porphyrit ic,   with  an  average  grain  size  of  about two mill imeters 

The fresh  rock is  gray o r  greenish-gray, and weathers t o  a red- 

dish-brown. Darker  shades  prevail where the  monzonite is 

finer-grained. 
\ 

In t h in   s ec t ion ,   t he  monzonite  typically  exhibits  as uneven 

granular   t ex ture   wi th   i r regular ,   in te r locking ,  and o f t en   i nd i s t inc t  

grain  boundaries.  Loughlin and Koschkm (1942, p. 37) noted  that  

f e ldspa r s   cons t i t u t e  75 percent  of  the  rock,  with  plagioclase  sl ight-  

l y   i n  excess   of ,or thoclase.  Pyroxenes  were reported  to  make  up 

fourteen  percent of the  rocks  they examined, wi th   b io t i te ,   quar tz ,  

and hornblende  conspicuous. They noted  that   magnet i te   const i tutes  

a s  much as   th ree   percent  of the  rock. 

0 Loughlin  and Koschmann's' petrographic work ind ica t e s   t ha t   . t he  

N i t t  Monzonite i s  typ ica l ly  a pyroxene  monzonite,  but  the  rock on 

the east   side  of  Bardscrabble  Valley,   near  the  Azurite  prospect,  

contains  bioti te~as  the  chief  ferromagnesian  minera1,;with  lesser 

amounts  of  pyroxene and hornblende. The ex ten t  of this   rock  type 

is unknown, but  it ex tends   fo r   a t   l ea s t  1000. feet east of the  

Azuri te   shaf t .  

Al te ra t ion  of the monzonite is not  marked, with  one  .notable 

except ion.   Chlor i t izat ion of the  ferromagnesian  minerals is 

p r e s e n t   i n   v a r i a b l e  amounts; much of t h e   b i o t i t e   i n   t h e   b i o t i t e  

monzonite  described.above  appears  fresh. The monzonite on S tende l  

Ridge and i n  the small   exposures  further west are  more.thoroughly 

propyl i t ized,  with c h l o r i t e ,   s e r i c i t e ,   c a l c i t e ,  and epidote 

occurring  as  replacements of ferromagnesian  minerals and i n  
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vein le t s   cu t t ing   the   s tock .  The most intense  hydrothermal  al tera- 

t ion   occurs   in  a shat tered zone  approximately 500 f e e t  wide and 

2000 feet   long  adjacent   to   the  white   rhyol i te   dike  a long  the 

eastern  side  of  the  head.of  Hardscrabble  Valley,   near  the  Azurite 

prospect.  Here,  the  monzonite  has  been  altered  to  a.propy1ite 

cons is t ing  of ch lor i te ,   se r ic i te ,   ca rbonate ,   quar tz ,   i ron  and 

copper  sulfides,  and minor  hematite.   Chlorite  occurs  as.veinlets 

and replacement of ferromagnesian  .minerals accompanied~bycarbonate, 

quartz and su l f ides .g iv ing   the   rock   a .d i s t inc t   g reenish   co lor   and  

c a u s i n g , i t   t o   b e   l e s s   r e s i s t a n t   t o   e r o s i o n .   S e r i c i t e  is common, 

and occurs  as  replacement of plagioclase and i n   v e i n l e t s   w i t h  . 

quartz,  carbonate and su l f ides .  The rock is s o  a l t e r ed . tha t   t he  

plagioclase  has been  completely  destroyed.  Orthoclase  appears to 

be somewhat  more abundant i n   t h i s  zone  than in   the   typ ica lmon-  

zoni te .   Rel ic t   textures  and estimates of original  composition  by 

t h i s   w r i t e r   i n d i c a t e   t h a t  some of the  rock may have  been a  granite, 

possibly a .dike  cut t ing  the monzonite,   but  the  intense  .al teration 

of the rock  precludes any pos i t i ve   i den t i f i ca t ion .  

The i n t e n s i t y   o f . s h a t t e r i n g  and a l te ra t ion   decreases .gradual ly  

east and south of the   Azur i te . shaf t .  The monzonite 500 f e e t . e a s t  

of   the  A z u r i t e  shaf t   appears   to   be .only   s l igh t ly .   a l te red . .  The 

al terat ion  decreases   1ess . rapidly  to   the  south,  and never 

completely  disappears;  outcrops  of  the  stock  just  north  of  the 

Graphic  tunnel  are  noticeably  propyl’itized and s l igh t ly   minera l ized  

over a zone 300 f e e t   o r  more in width. The degree.and  .type of 

a l t e r a t i o n  found i n   t h i s  zone is very  s imilar   to   that   found. in  

intensely  propylit ized  rocks of intermediate  composition  near 
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porphyry  copper  systems.  Copper-rich ores i n   t h e  N i t t  mine a r e  

said  to   be  c losely  associated  .wi th   monzoni te   dikes  and -contacts 

near  the  southern end o f . t h e  N i t t  stock.  Altered.monzonite  dikes 

exposed i n  t h e  Waldo-mine  were co r re l a t ed   t o   t he  N i t t  Monzonite 

by mine geologists.  

Facies   within  the N i t t  s tock are almost as va r i ed . a s   t hose   i n  

t h e  entire Magdalena pluton. .The small outcrops  of Hell!s Mesa 

Formation  capping  the.higher  hills  forming  the western  r idge.of 

Stendel  Ridge  form a datum marking the   h ighes t   s t r a t ig raph ic   l eve l  

o f   i n t rus ion   i n   t ha t   a r ea .  The monzonite  below  these  caps,  espec- 

ia l ly   a long   the   s lope 'of   the   southern   par t  of Stendel  Ridge,& a 

hybrid formed by reac t ion  of the melt with  the  wall   rocks.  The 

rock  resembles  neither  the  monzonite,  the  overlying  Hell 's Mesa 

.nor  any  of  the  units of the  Spears  'Formation. we .rock is ' 

general ly  a pale  tan  or  grayish-orange  in  outcrop and is l i g h t  

gray on the  f resh  surface.   The.rock is fine-grained.and  characterized 

by   c lo ts  of ferromagnesian  minerals, which appear  to  be  mostly 

amphibole.  Other c lo ts   conta in  a mixture of amphibole.and-plagio- 

clase  probably  formed.as a r e s u l t . o f   t h e  chemical.reaction.of~the 

melt with the cooler.and..perhaps:chemically d i f f e ren t  wall rocks, 

i n i t i a t i n g   r a p i d   c r y s t a l l i z a t i o n ,  which according. to  Bowen (1928, 

p. 197) should  cause  formation of the  "heat  equivalent.of  the 

member of the ( reac t ion)   se r ies  w i t h  which t h e  member is saturated." 

The contact  between the t y p i c a l  monzonite and the hybrid  rock is  

gradational  over  about 200 f e e t  of  elevation.  Dikelets  of mon- 

zoni te  may be  observed.cut t ing  the  Hel l ' s  Mesa and-locally  forming 

matrix  material  for  suspended  fragments  of  wall  rock. 
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Similarly  hybridized  monzonite is fotind about  one-half'mile 

west of the  Waldo tmne l . and  in small  exposures  cutting  the A-L 

Peak northwest of the Waldo mine. 

Contacts  along the southern  border, where  Precambrian a rg i l -  

l i te cons t i tu tes   the   bu lk  of the  wall rock,   are   general ly-sharp,  

with l i t t l e  hybridization.  observed.  Further  east  and nor th ,  

Loughlin and Koschmann (1942) r e p o r t   o t h e r   f a c i e s   r a n g i n g i n  

composition  from  granite t o   n o r i t e .  The reason  for  these 

cont ras t s  may  be^ t ha t   t he  magma was h o t t e r  and possibly more f l u i d  

in the   a reas  where hybridizat ion was not   intense;   th is   caused  the 

engulfed wall rocks   t o   be  more completely  assimilated  into  the 

melt. The xenolith-rich  hybridized  material  on Stendel.Ridge may 

mark a cooler,  more viscous  portion  of the.magma t h a t   f r o z e ' b e f o r e  

the  engulfed  rocks  could  fully  equilibrate  with  the  melt .  ' 

Another i n t e r e s t i n g  group  of fac ies  i s  f o m d   i n . t h e   n o r t h  and 

west portions  of  the.smal1  hil ls .northwest of Stnedel  Ridge,  where 

central  cores  of  granophyric  rocks  are  bordered  by.more mafic 

f a c i e s .  Medium- t o  coarse-grained  grani te .exhibi t ing  s t r iking 

graphic  intergrowths  of  orthoclase  and.quartz forms the  northwest 

portion  of  the  outcrops. The rock is bordered  by a narrow b e l t  

of  finer-grained  pyroxene  monzonite.which is, ' in  turn,   bordered  by 

a dark,   purpl ish,   f ine-grained  facies   s imilar   to   the  andesi t ic '  

facies   seen  bordering  the Magdalena p lu ton- fur ther   nor th .  "The 

granophyric  intrusive  has  reached  a:higher  stratigraphic level 

(A-L Peak) in   the   vo lcanic  p i l e  than d i d  t h e  N i t t  Monzonite t o  the 

south  (Hell 's  Mesa), and may represent   another   dis t inguishable  

i n t r u s i v e  body i n  the l a rge r  Magdalena pluton. The spectrum of 
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f ac i e s  and the  higher   posi t ion of t he . in t rus ive   i n .   t he   vo lcan ic   p i l e  

suppor t   t h i s   i n t e rp re t a t ion .  The lack  of an andes i t ic   border   fac ies  

around t h e  N i t t  and Anchor  Canyon stocks may a l s o  t end   t o   d i s t i n -  

guishthe  granophyric.rock  as a separate   phase.   Al ternat ively,   the  

granophyric  rock may represent   eutect ic   crystal l izat ion  of  a 

la te -s tage   res idua l  magma d i f f e ren t i a t ed  from  underlying  monzonite 

and encased in   ea r l i e r   ch i l l ed   marg ins  of more mafic  material. 
. .  

Latite Porphyry  of Mistletoe Gulch 

The l a t i t e  porphyry  of  Mistletoe  Gulch.occurs  as  a.much-faulted, 

discont inuous  ser ies  of dike-like  masses  that  crops out through  the 

cen te r   o f   t he   d i s t r i c t  from i ts  sobthern  edge t o  Chihuahua  Gulch 

(p la te  1). 

In hand  specimen, t h e   l a t i t e  porphyry is  generally  greenish-gray 

and weathers  to  greenish-yellow  or yellow-brown. Hornblende and 

b i o t i t e  (?) form  thin,  tabular  phenocrysts  as much a s  six milli- 

meters   in   length. .  Smal l ,  chalky-white  plagioclase  crystals . 
averaging  three  or  four  mill imeters  in  length  comprise  approximately 

f i f teen   percent   o f . the   rock .  Weathered surfaces  often  have a 

somewhat pitted  appearance  caused  by  selective  weathering  of  the 

hornblende  crystals.  . .  

The l a t i t e  porphyry  ranges  in^. composition  from a .hornblende 

l a t i t e ,  which  appears t o   be   t he  dominant f ac i e s ,   t o   qua r t z  latite, 

which local ly   occurs .   as ' la ter   d ikes   cut t ing  the  hornblende-r ich 

f ac i e s .   T i t l ey  (1958, p.  38) s t a t e s   t h a t   t h e   l a t i t e  found  south  of 

the Linchburg  workings  grades  from a biotite-hornblende l a t i t e  

a t  the outer   por t ions   to   quar tz   l a t i t e   in   the   cen t ra l   par t   o f   the  

c 
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mass. Outcrops  of  the latite are   general ly  subdued, a s   t h e   l a t i t e  

tends  to   weather   to   small  grus .  

In t h i n   s e c t i o n ,   t h e   l a t i t e  porphyry reveals  a uniform por- 

phyr i t i c   t ex tu re   w i th   t he   l a rge r   c rys t a l s  .of plagioclase, .horn- 

blende and b i o t i t e   ( ? ) . i n  a matr ix  of a l te red   p lag ioc lase  

microl i tes .   Al terat ion  of  the l a t i t e  porphyry  ranges  from-moderate 

t o   i n t e n s e ,   w i t h   p l a g i o c l a s e   a l t e r i n g   t o   s e r i c i t e  and calcite and 

the  ferromagnasian  minerals  replaced by c h l o r i t e  and p y r i t e  or 

magnetite. The rock becomes noticeably  bleached and  more s e r i c i t i c  

n e a r   f a u l t s  and ve ins .   Pyr i te  becomes  more comon w i t h  an  increase 

in a l t e r a t i o n   i n t e n s i t y .  

Loughlin and Koschman (1942, 'p. 32) i n t e r p r e t e d . t h e . l a t i t e  

porphyry mass a s  a s i l l  because of i t s  apparent   s t ra t igraphic  

pos i t ion  between the  Madera  ~d Ab0 Formations o r  between the 

Madera  and Spears  Formations  where  the Ab0 was "missing".. T i t l ey  

(1958,.  1961)  adopted t h e i r   i n t e r p r e t a t i o n   i n   h i s   s t u d i e s   . b f   t h e  

orebody i n   t h e  Linchburg mine. Work  by t h i s   w r i t e r   i n d i c a t e s '  that 

the l a t i t e  porphyry mass is  not a sill, but  is, instead,   the   dike- l ike 

top  of a larger in t rus ive  body that.  occupies a no r th - t r end ing   f au l t  

zone  along  which  substantial  displacements  appear  to  have.occurred. 

Severa l   l ines  of evidence.point. to  the  hypothesis that t h e  

l a t i t e  porphyry mass is not  a si l l :  

(1) In the southern   par t   o f   the   d i s t r ic t ,   the  lat i te-  

porphyry  occupies a north-trending  fault  zone  of  Oligocene 

age  which is extensional   in   character .and which  elsewhere 

i n   t h e   d i s t r i c t   h a s   s t e e p   e a s t e r l y   o r   w e s t e r l y   d i p s .  :The 

e a s t   s i d e  of t h e   l a t i t e  porphyry is  generdly  bordered 

. .  
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by rocks  of  the  middle  or  lower Madera Limestone, 

except a t   t h e  extreme  southern  edge, where adjustments 

along a pre- la t i te , t ransverse   fau l t   . ( the   Uni ty   fau l t )  

has  caused  the.Abo  Formation to   be   i n   j ux tapos i t i on .  

On t h e  west s i d e ,  t he~ . l a t i t e . i s   i n   con tac t   w i th . . rocks  

of the  lower Spears  Formation. I f  the t r u e  maximum 

thickness o f  the  Madera Limestone is about 1800 feet, 

this means tha t   t he   s t r a t ig raph ic   l eve l   p re sen t  at. . . , 

the   sur face  on t h e   e a s t  s i d e  of t h e   l a t i t e  i s  about 

1OOO'to 1200 f e e t  below the   sur face  on t h e  w e s t  s ide.  

(2) Contacts of the lat i te porphyry  with  the  enclosing 

rocks  are   s teep  in   the  southern  par t  of t h e   d i s t r i c t ;  ..' 

t h i s   r e l a t ionsh ip  is indicated by t h e   f a c t   t h a t   t h e  

t r aces  of the  contacts  do no t  change s t r ike   apprec iab ly  

when crossing major topographic  features,  such  as  deep 

drainages and h i l l t o p s .  

(3) Exposures of the  lat i te porphyry a r e  found i n   t h e  

Pat terson a d i t ,  in   the   southern   par t  of t h e   d i s t r i c t , . t o  

be  approximately 300 feet .west.of  the  alignment of the  

western  contact of t he   i n t rus ive  and the  small outcrops 

cu t t i ng   t he  Ab0 t o  the north.   Several   large  blocks  of 

Spears and Ab0 rocks  appear to   be   engul fed   in   the  

l a t i t e  porphyry at t h e   a d i t  level. Although  the  expo'sures 

a re   l imi t ed ,  i t  appears   tha t   the ' l a t i t e   porphyry  is  

expanding  rapidly with dep th   i n   t h i s   a r ea  and was beginning 

to   s tope  out   the   overlying  rocks  before  it consolidated. 

. .  
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( 4 )  Examination of elongate  hornblende and plagioclase pheno- 

c rys t s   wi th in   the  mass in   the   Mis t le toe  Gulch 'area shows t h a t  

they  are  randomly or ien ted   over   re la t ive ly   smal l   a reas ,  and 

appear  to  be random  even rqhen observed  close  to  the  contacts. 

The lack  of  mineral   al ignment  indicates  that   the magma 

probably had ne i ther  a s t rong   hor izonta l   nor   s t rong   ver t ica l  

component of movement a t   t h e  time the magma congealed.. Th i s  

fact ,   p lus   the  highly  irregular contac t   in   the   Mis t le toe  

Gulch a rea ,   i nd ica t e s   t ha t   t he  magma  may have  been  passively 

emplaced through a process of stoping  out  of  the  overlying 

rocks. 

In the   Mist le toe Gulch area,   the   eastern and nor thern .contac ts  

o f   t h e   l a t i t e  porphyry are   pre- intrusion  faul ts .  Along the   ea s t e rn  

boundary the  lower  part  of the  Madera Limestone is  exposed. 

D r i l l i n g  by the New Jersey Zinc Company in . the   Mis t le toe   tunnel  

area  has   es tabl ished  that   the   thickness  of the  Madera i n   t h i s   a r e a  

i s  about 275 f ee t .  On the  west s i d e  of the   fau l t ,   sands tones  o f  

the Ab0 Formation form a pa r t i a l . shea th  on t h e   l a t i t e  porphyry. 

In  accord  with  ear l ier  arguments t h a t   t h e  Madera may have a maximum 

thickness of  about 1800 f e e t   i n   t h e  Magdalena d i s t r i c t ,   t h e   d i s -  

placement  across the f a u l t  now occupied by t h e   l a t i t e  porphyry 

in the  Mist le toe  tunnel   area i s  on the  order of 1500 feet. Thus, 

the l a t i t e ,  porphyry  cannot  be. a s i l l  between the  Madera and Ab0 

Formations  as  postulated by Loughlin and Koschmann. S i m i l a r  . 

relationships  apply  throughout  the exp'osed length  of   the  intrusive.  

The surface  exposures of t h e   l a t i t e  porphyry end abrupt ly  

against   the  fault   t l iat   follows  the  course of Chihuahua  Gulch. The 
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only known su r face   exposure   o f .   t he   . l a t i t e   no r th .  of  Chihuahua  Gulch 

is  a small dike-like mass. cut t ing  a small.  outcrop of Ab0 Formation 

along a nor th- t rending   fau l t - jus t  east of the  Kelly  townsite 

(p l a t e  1). The re la t ionship  of t h e , l a t i t e  porphyry to ' t he   no r th -  

t rending  faul t   indicates   that   they  are   both  extensions of similar 

phenomena south  of Chihuahua Gulch. 

A l a t i t e  porphyry  dike i s  reported. . in.the.South  Juanita-mine, 

j u s t   n o r t h  .of  Chihuahua  Gulch,  and o t h e r - s m a l l   d i k e s . o f   l a t i t e  

porphyry a r e  known in  the  Kel ly  mine fur ther   north.  Mining activi- 

ties in the  Waldo mine has  revealed  the  presence of a 1arge.mass 

of  hornblende l a t i t e  porphyry, v i r tua l ly  i d e n t i c a l   t o   t h a t  exposed 

south  of Chihuahua  Gulch. Ind ica t ions   a r e   t ha t   t h i s  mass, which 

is known t o  extend downward from the 14 th   l eve l  (6800 elevat ion)  a t  

least 500 .feet ,  is a large  dike- l ike mass t h a t  expands t o  a l a r g e r  

body at   depth.   Figure 5 ,  a modification of a cross-section 

prepared  by ASARCO geo log i s t s ,   i l l u s t r a t e s   t he . . pos i t i on   o f   t he  

l a t i t e  porphyry t o   t h e  mine workings. 

. . .  

The l a t i t e  porphyry  intrudes  Precambrian  greenstones  and  the 

overlying  Kelly and Sandia  Formation i n   t h e  Waldo.mine, T l i e . l a t i t e  

. porphyry may have  exerted at  l e a s t   p a r t i a l   c o n t r o l   o v e r   t h e  develop- 

m e n t  of one of t he   l a rge r   o rebod ies   i n   t h i s  m i n e . .  In t rus ion  was 

apparent ly   par t ly   control led by t h e  complex Waldo-Madera f a u l t  

zone.  Dikes and s t r i n g e r s . o f   l a t i t e  porphyry  can  be  seen  cutting . 

t h e  jumbled  blocks of Madera Limestone.in  the Waldo-Madera f a u l t  

zone a t   t h e  Waldo tunnel   level ,  ,approximately 1000 f e e t  above the  

main  mass. 
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Data  taken  from ASARCO mine.maps-indicate  that  the  latite . 

porphyry  becomes  thinner.  and  more.  dike-like .in character  as  it 

extends  northward along-the eastern  boundary.of  the.Waldo-Madera. 

fault  zone,  where it,has been  cut.in.drili.hoies  approximately 

900 feet  north  of  the  Waldo.  shaft.  Mine  maps  ..indicate..that  .the 

latite  comes  within -100 feet of .a. large..dike.of  Nitt.Monzonite, 

which  also  followed  the  Waldo-Madera fault.zone-for:about.500 feet 

south  beyond  its  southernmost  .surface..exposur.e. . .Na.actual...con- 

tacts  between  the  two  intrusives  is.known, so the  relative  ages 

of  the  rocks  cannot  be.  determined. . 

In summary,  it  is  .apparent  from  all  available  information.. 

that  the  latite  porphyry  is  not a sill,  as  previously..envisioned 

by  Loughlin  and K O S C ~ M  (19421, but is  instead a large, ~ elongate 

.dike-like  .intrusive.  which  rose-along  nortii-trending  faults  of 

Oligocene  age.  Incomplete  information  suggests  that  .the.latite 

porphyry  may  have  one  of .the most.extensive  distributions  of  any 

intrusive  rock  in.the  Kelly  district.. 

In view  of the:interpretation..that the  Kelly  district is 

located  on  the  eastern..  margin .of .a.large.cauldron..  (the  Magdalena 

Cauldron,  to be described.more.fully.below), the.latite  porphyry of 

Mistletoe  Gulch is interpreted  to be.part of  ring  dike.that  has 

intruded  deeply-penetrating  faults  along  the  edge  of  the  cauldron. 

- 
Latite  Dikes 

Numerous  latite  dikes  are  found.in.close  association.with.the 

latite  porphyry  of  Mistletoe  Gulch  and  are  especially  nimerous in 

the  Mistletoe  Gulch  area.  One 25 to  30-foot  wide mass is found 
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along  the  major range-bounding.fault..at.the mouth  of  Mistletoe 

Gulch and others  have  intruded  transverse  structures  east  of  the 

Mistletoe  tunnel  (plate.1). . 

A dike  of  quartz  latite  occupies  the  northernmost.transverse 

fault  of  the  North  Fork.Canyon.fault  zone,  in  the.southermost 

part  of  the  district,..Tlie  rock has.a distinctive  porphyritic 

texture  defined  .by  quartz  "eyes" .and .is..characteristically: 

flow-banded..  The  dike.appears to-be uniformly  altered.and  is 

light  greenish-gray.  Pyrite  is a'comon alteration.mineral.and 

is  seen  in  addition  to  chlorite  as..replacement  .of  former.biotite 

(?) phenocyrsts.  The  quartz  latite  is  only  about  three.or  four 

feet  wide in outcrop  at  North  Baldy,  but  widens  to~approximately 

100 feet  to  the  east  along.the  fault  zone. r 

. .  
Other  even-textured,  fine-grained  latitic (?) dikes  and a 

sill  are  found  intruding  the  Sandia  shales  along  the.  eastern.  flank 

of  North  Baldy  (plate 1). These.dikes  are  light  greenish-gray 

and  .commonly  contain  fragments mf-thk enclosing'wall.  rocks. 

Several  of  .these  fragments  have  been  replaced  by  calcite,  quartz 

and  pyrite..  Pyrite  also  occurs  as  disseminated  grains in the 

dikes. 

Linchburg-.Quartz  Monzonite 

One  of  the  most  intriguing  and  .least-known.  of  the.  int-rusive 

rocks  in.'the  Magdalena  district  is  the  quartz  monzonite  exposed 

in the  workings  of  the  Linchburg  mine,  here  named  the.Linchburg 

Quartz  Monzonite.  There  are  no  known.outcrops.  .The  intrusive  has 

been  exposed  in  the  southern  end  of  the  Linchburg  minej  where  an 
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irregular  mass  of  porphyritic  quartz-monzonite  was.  encountered in 

the  workings.of  the nain. adit  level..  Another.  thin..dike  of  this ' ' 

material  is  found in a short  adit  .just.north.of  the.Grand  .Ledge 

tunnel,  but.no  outcrop  of.the  intrusive.could.be  found  at  the 

surface,  just  fifteen  feet above-the adit  level.  Additional  dikes 

of quartz  monzonite  porphyry  were  cut  in  drill  holes  collared  in 

the  ravine  just.  east  of  the  Patterson  adit  (plate 1). 

The  Linchburg  Quartz.Monzonite  has a distinctive.porphyritic 

texture  defined  by  rounded  .quartz  "eyes" and by  rounded to. subhedral 

phenocrysts  of  plagioclase  in an aphanitic.matrix.  The  monzonite 

ranges  in  color  from  light  greenish-gray  to  pinkish-gray,  depending 

on  the  relative  amounts  of  epidote,  chlorite and potash  feldspar 

in'  the  rock. 

In the  Linchburg  mine,  the  host'  rocks  for  the  intrusive  appear 

to  be  entirely  Precambrian  diabase.,  Contacts  are  'gradational 

over  distances  of  as much-as fifteen.feet.  The  normally.dark . 

diabase  becomes  increasingly  bleached  and  silicified as .the 

monzonite  is  approached.  Pinkish  zones  within  the  diabase  may 

indicate  some replacement.by.si1ica.and potash  feldspar..  Chlorite, 

pyrite,  and  rare  chalcopyrite  occur  in  variable  amounts in both 

rock  types..  Hematite  occurs  along  fractures in both  host  and 

instrusive. 

Although the rock  appears  to  be.fairly  fresh  in hand specimen, 

microscopic  examination  reveals  that.it may-be one  of  the  most 

intensely  altered  of  the  intrusive  rocks  in  the  district.  Corroded 

plagioclase  crystals  as  much  as  seven.mLllimeters in diameter 

havebeen so completely  altered  to  sericite  that  the.origina1 
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composition  cannot  be determined.h most  cases.  Large  quartz 

1, eyes"  are  thoroughly  embayed  and  corroded. The corrosion.of  the. 

plagioclase  and  quartz'may  be.due  to reactioxof the  minerals 

with  the  magma,  The  quartz..and  plagioclase  phenocrysts  are sur- 

rounded  by a groundmass  exhibiting..  variable  textures.:  In.most 

-samples, the  groundmass.is a.microgrkphic.intergrowth.of quartz . .  

and  orthoclase  (fig.~6). .Myrmekitic.textures~virtually..identical 

to  the  "brain  coral"  myrmekite.  described.  by  Gilluly (1933) are. 

common.  Gilluly  iiterpreted~these  textures  as  indicative  of 

metasomatic  replacement-of  original  rock  constituents;.  Cataclastic 

zones  consisting  solely.of quartz.and.orthocPase.were observed  in . .  

two  of  the  eight  thin  sections~examined;  .Veinlets  of.quartz.and 

orthoclase (?) were  found  to  cut  nearly  all.thin.sections  and 

vein- like^ masses.  of  both.  quartz.  and.  orthoclase (?) were  observed 

cutting  and  partially.rep1acing.the  earlier  minerals.  Chlorite. 

occurs  as  ragged  clats.that.may  represent-original  biotite,.and.in 

thin veinlets  with.quartz,  sericite  and  rare  sulfides.. 

. .  

. .  

The  geometry  of  the.Linchburg  Quartz  Monzonite.  is.not known. 

Visible  contacts  in  the  Linchburg  mine.are.steep  and.indicate.that 

the  intrusive.has a dike-like.  form  at  that  location..  Very  incom- 

plete  information  garnered.from  drill.cores  and.interpretive. 

cross-sections  furnished  by ASARCO, which  were  based on four  holes 

drilled  about 500 .feet  .south  of  the  south  end  of  the  Linchburg 

workings,  indicate  that..the  porphyritic  monzonite  has.intruded 

into  shales  of  the  Sandia.Formation,  within  about 250 feet.of  the 

present  surface. It is knorm from  diamond  drilling  to  extend  at 

least. 300 feet  further  west  of  exposures  in  the  Linchburg  and  is 



69 

Figure  6a.  Photomicrograph of Linchhurg  Quartz.Monzonite  showing 
corroded  orthoclase (0) and plagioclase (P) fe ldspars   replaced 
by granophyric groundmass. 1" = 0.65 nun. 

Figure 6h. Photomicrograph o f .L inchbqg  Quartz  Monzonite  showing 

micrographic groundmass, 1" = 0.65 nun. a quartz (Q) - orthoclase COY - sericite ( S )  v e i n l e t   c u t t i n g  
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exposed in t h e  end of the Pat terson a d i t ,  below the  southern end of 

the  Linchburg mine workings.. The monzonite  apparently  has a f a i r l y  ' . 

flat-1ying.upper  contact  that  becomes much s teeper . toward  the west . . 

near   the  Grand Ledge fau l t .   The .dr i l1-hole .da ta   ind ica tes   tha t   the  

porphyr i t ic   quar tz   monzoni te   i s .a l so   d ike- l ike   in   th i s   a rea ,  as t h e  

holes  passed.through  about 150 f e e t . o f  porphyry into  an  equi- 

granular  quartz  monzonite  rock.  This  associated (?) . i n t r u s i v e  

i s  generally  hypidiomorphic equigranular.in..character.and-is l i g h t .  

buff to  orange in color .   'Scat tered-clots  of c h l o r i t e  and ve in l e t s  

of  quartz and s e r i c i t e  are.common- Se r i c i t e . a l so   r ep laces  some 

of the plagioclase.   .Quartz and pyri te   occur  in t h i n   v e i n l e t s  

and wi th   ch lo r i t e  i n  ragged  patches.that may represent . former 

biot i te .   Microscopic   examinat ion.reveals   that   the   rock. is  much 

less al tered  than the porphyri t ic   facies ,   wi th   the  grade  of   a l tera-  

t ion  corresponding  to mild to.moderate  propylit ization. 

Although  the  actual  contact between t h e  two i n t r u s i v e s  was 

not  observed i n  t h e   d r i l l   c o r e  examined by t h i s  writer, t he .d i s -  

p a r i t y  in t ex tu res  and  degree of a l t e r a t i o n  of t he   rocks   c lose   t o  

their contac t   ind ica te   tha t  i t  may be   sha rp , -o r  a t  most gradat ional  

over  one o r  two f e e t .  

ASARCO geologis ts   considered. the  equigranular   phase  to   be.of  

possible  Precambri =...age, but   the   character   of   the   rock,  and its 

apparent   in t rus ion   in to  and west .of   the Grand Ledge f au l t - zone  

i n d i c a t e s   t h a t  i t  is  probably  of  middle  Tertiary  age,   similar  to 

t h e  N i t t  and  Anchor Canyon stocks.  

Although the  questions  concerning  the,exacC  forms  and rela- 

tionships.  of  the  Linchburg  Quartz  Monzonite and the   assoc ia ted  (?) 
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equigranular  facies  cannot  be answered without.additional.informa- 

t ion ,   th i s   wr i te r   be l ieves ,   based .on . the  ASARCO d r i l l   c o r e s  and 

i n t e r p r e t i v e  maps, tha t   the   porphyr i t ic  facies i s ~ a  l a t e r  phase 

that  has  intruded  along.the  contact ' -between-a  nearly.contemporan- 

eous  quartz.monzonite  intrusion  and.i ts   Paleozoic  host-rocks.  The 

porphyritic  monzonite .was a l so .   in jec ted  .as a thin  dike  a long. the 

Grand Ledge f a u l t   f o r  an unknown distance  south.of  the Linchburg 

mine. . .  

The proximity of the  porphyri t ic   monzoni te   to   the  largest  

s ingle   z inc- lead  orebody. in   the  Kel ly   dis t r ic t   suggests   the 

poss ib i l i ty   tha t   the   porphyry   represents  a late-stage magmatic 

melt in jec ted  from no great .depth.which  had.an  associated.  

post-magmatic fluid  phase  that .  was the   sou rce   fo r  the si l ica,  

sulphur and metals  contained  in  the  Linchburg orebody. .The sign- 

n i f icance  of t h i s   r e l a t ionsh ip  and i ts  implicat ions  regarding  the 

discovery of new orebodies.of  the.Linchburg-type is  discussed in 

the.   sect ion  of   this   paper   deal ing  with economic geology. 

e 

Other   Intrusive Rocks 

Two addi t iona l   in t rus ive   bodies '  are known from.exploratory 

dr i l l ing   in   wide ly   separa ted   par t s  of the .   d i s t r ic t .   Recent   d r i l -  

l ing   in   the   Nor th  Baldy  Peak  .area.has  revealed  the  presence  of a 

monzonitic  intrusive of unknown s i z e   t h a t . h a s   s t o p e d ~ u p  ttirough the  

Precambrian  rocks t o   i n t r u d e  the Kelly and Sandia  Formations a t  

approximately  the 9100 elevation  beneath  North.Baldy  Peak. The 

monzonite i s  typ ica l ly   porphyr i t ic  with small   potash  fe ldspar  

and ra re   quar tz   phenocrys ts   se t   in  a fine-grained  matrix.of 

. .  

* 
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plagioclase,   potash  feldspar and quartz. .  The rock  has  been  extremely 

a l t e r ed  t o  ch lor i te ,   ep idote ,   se rpent ine  and s e r i c i t e .   P y r i t e  

occurs as d i s semina t ions   i n~ f rac tu res  and as   individual-grains .   and 

comprises  about.one  percent.of  the-rock . . .  Quartz and carbonate .  

v e i n l e t s   a r e  common .and chalcopyrite .was .sparsely  .present.   in 

s eve ra l  narrow  zones i n  the   core  examined. . Some.sections of t h e  

core  resemble a healed  breccia,  w i t h  fragments of porphyritic:mon- 

zoni te  and Precambrian  (?).rocks.  surrounded  by.later  monzonitic. . 

material. Ext reme~al te ra t ion  of a l l  rock  types  makes.positive 

- i d e n t i f i c a t i o n  of t hese   f ea tu re s .d i f f i cu l t .  

Porphyri t ic   grani te  or quartz  monzonite w a s  pene t ra ted . in  

dr i l l ing   approxina te ly  500 fee t   south   o f   the   Vindica tor . shaf t  

(p la te  1). Core examined.briefly by th i s   wr i te r   revea led  a 

ser ic i t ized,   pyr i te-r ich,   porphyri t ic ,   quar tz-bear ing  rock  that  a 
appears  to  have  intruded  the Madera Limestone and Anchor Canyon 

Granite. No other  information  about  this  intrusive is known, 

other   than  that  i t  is spa t i a l ly   r e l a t ed   t o   h igh   g rade  zinc-lead-cop-. 

per   mineral izat ion  in  a small t a c t i t e . b o d y . t h a t  forms  axeplacement 

of  t h e  Madera Linestone.  Figure.4  shows.the  locations of a l l  ,. 

known or suspec ted   bur ied   in t rus ives   in   the   Kel ly   d i s t r ic t .  

Mafic  Dikes 

A l a r g e  number of dark ,   aphani t ic - to   porphyr i t ic~maffc .d ikes  

were mapped during the course of t h i s   s tudy ,   e spec ia l ly   i n   t he  

northern end  of t h e   d i s t r i c t .  These dikes  correspond  to  Loughlin . . 

and Koschmann's (1942)  1amprophyre.dikes F d  Brown's (1972) mafic 

dikes.  The dikes are   usua l ly   th in ,   averaging   f ive   to   t en   fee t   in  
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width, and range  in   length from a few fee t   t o   ove r  2000 feet,  averag- 

ing  about 500 f e e t .  The great .major i ty  of the  dikes   occur   in   the 

Stendel  Ridge  area, where  they.r.rere emplaced a long   fau l t  zones in  

and 'above  the Magdalena Pluton. Most of the  dikes  occupy 

north- t rending  faul ts   and.fractures ,   but  some s t r i k e  towards tlie 

nor th-eas t ,   re f lec t ing  a t ransverse   s t ruc tura l   e lement   s imi la r   to  

that   descr ibed by Brown (1972) and Simon (1973), tha t   appears   to  

have  had  repeated  influence  in  the  area. . .  

i 

The dikes   vary  in   color  and general  physical  appearance. ' 

Because a detailed  petrographic  analysis  of  these  rocks is beyond 

the  scope  of  this s tudy ,  t h e   d e t a i l s  .:below are  derived  from Brown 

(1972) and Loughlin and Koschmann' (1942) ,  but  were  confirmed by 

the  author.  

General ly ,   the   least   a l tered  rocks are dark  gray  andbave a 

basalt ic  appearance,   but  those  that-   have  been  altered ar.e green 

due t o  an  abundance of ch lo r i t e .   I n  hand specimen,  they  range 

. .  

from  black  to  greenish-gray on a f resh   sur face  and general ly  a 

rusty-brown  .or  greenish-brown on the  weathered  surface. The dikes 

va ry . in  groundmass tex ture  and show a range  in  the.abundance.and 

type  of  phenocrysts. Some va r i e t i e s   a r e   po rphyr i t i c   w i th  a 

fine-grained groundmass, o thers   a re   on ly   s l igh t ly   porphyr i t ic   wi th  

a fine,   equigranular groundmass, while s t i l l  o the r s   a r e  non-porphyri- 

t i c  w i t h  a very  fine-grained  texture.  Phenocrysts  generally  comprise 

less than  f ive  percent  of the  rock and usually  consist  of  plagio- 

c lase   g ra ins  as much a s   f i v e  millimeters..in length.   In  some dikes,  

the  plagioclase  phenocrysts   are   sharp and well-twinned,  while i n  

o thers ,   the   p lag ioc lase   g ra ins   a re   i r regular  and greatly  corroded. 

d.' 
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Brown (1972) r epor t s   t ha t   t he   sha rp ,  well-twinned.plagioc1ase 

c r y s t a l s  have  an  average  composition .of An while  the  corroded 

grains  were zoned and- exhibitedrundulatory-extinction, with an 

average  composition of An He interpreted  the  corroded  grains 

as being  xenocrysts which  were transported f rom dep.th  during. 

emplacement of . the  dikes,.. ~This .wr i te r   has  .observed  pockets'of 

42' 

55'. 
. .  

amethystine  quartz as much ass f i f teen   mi l l imeters   in   d iameter   in  

two of  the  mafic  dikes  cutt ing  granophyre  in. the  northern end of 

Stendel Ridge.  Other  minerals  incl.ude.augite,  minor  oxides and 

some b i o t i t e  and apatite.(Brown,  1972). 

Most of the mafic  dikes  in  . the.district   have  been  propylit ized, 

.wi th   the  mafic   minerals   a l tered  to ' .chlor i te ,   magnet i te  and ca l c i t e .  

The phenocrystic and groundmass plagioclase  are  commonly completely 

a l t e r e d   t o   s e r i c i t e  and calcite..  .Epidote  occurs as partial  replace- 

m e n t s  o f  groundmass minerals and phenocrysts of plagioclase and 

augi te .   Pyr i te  is loca l ly  abundant i n  some dikes. 

: e 

Augite Andesite 

Two larger   mafic .   in t rusives .were  found  in   . the   Stendel  Ridge 

a r e a   i n  the nor the rn   pa r t  of t he . . d i s t r i c t .  These i n t r u s i v e  masses 

are correlat ive  to   Loughl in-and Koschmann's  (1942) augi te   andesi te .  

They mapped a t h i r d ,  somewhat larger  area.on  Stendel  Ridge.as 

augi te   andesi te ,   but .subsequent   invest igat ion  has  found t h i s   a r e a  

t o   c o n s i s t  of a l a t i t i c  ash-flow  tuff i n   t h e  upper  Spears 

Formation. 

The larger  mafic  intrusions  are  purplish-grayrin  outcrop and 

are  fine-grained  with  scattered.phenocrysts  of  gr-eenish-black , . .  
. .  

pyroxenes,  plagioclase and hornblende.  According  .to  Loughlh add. 
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Koschmann ( 1 9 4 2 ) ,  the  augite  andesites have.a trachytic  groundmass 

consisting  of  plagioclase  laths  with  accessory  magnetite-.'and 

orthoclase (?). The  rock-has  been  .somewhat  altered  to-.epidote, 

calcite  and  sericite. The.plagioelase~and,.hornblende are  generally 

the  more  altered,  while  the  pyroxene  phenocrysts  are  reportedly 

quite  fresh. 

The  augite  andesite masses.intrude.the.flow7banded unit  of  the 

A-L  Peak  Formation and a.small.outcrop  of  sedimentary'rocks  filling 

a paleochannel  cut  in  the A-L Peak.  The A-L Peak in this  area  is 

intensely  bleached,  silicified.and  pyritized;  the  augite  andesite 

appears to be  much  fresher.  The  difference-in  alteration..could be 

due  to  the  fact  that  the  A-L  Peak  ashrflow  tuffs  are  more  permeable 

than  the  andesite,  but  this.  does.not  seem  .to  be  entirely  responsible 

for  the  great  difference  in  .alteration  intensity,observed. .It is 

possible  that  the  augite  andesite  masses  may  be  younger  than  .the 

alteration  affecting  .the  A-L  Peak  rocks,  and  since..this  alteration 

appears  to  be  related to.the intrusion.of  the  Nitt.~stock,  the^ 

andesite may be.,  younger  than  the-  monzonite  intrusions~ and may mark 

fissure  vents'for  some of.the flows  of  the.La  Sara  Peak  Basaltic 

Andesite  of  early  Miocene  'age (24 m.y.,  Chapin, ' 1 9 7 1  (b)). Were 

this  to  be  true,  the  augite  andesites.would  be  among the~youngest 

known intrusive  rocks  in  the  Kelly  mining  district. 

. .  

Wdte Rhyolite  Dikes 

The  youngest  intrusive  rocks  in  the K e l l y  mining.district..are 

1) 
white  rhyolite  dikes.  The  dikes  occupy a north-trending  zone 

approximately 1-1/2 miles  wide  that  extends  more  than  six  miles . 

south  of  the  Kelly  district  (Krewedl, 1 9 7 4 )  and  about  four  miles 
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nor th  of the area of this study (BKOIJ~,  1972). Most o f   the   d ikes   in  

t h e   K e l l y   d i s t r i c t   a r e  narrow,  .averaging  between f i v e  and t en  

f e e t  i n .  width,  and  are of va r i abh leng ths ,   r ang ing  from a'few 

f e e t   t o  more than .lo00 f ee t ,  They  commonly occur  echelon, 

f i l l i n g   e x t e n s i o n a l   . f a u l t s  and fractures. .  Most of the.diIces.dip 

s t e e p l y   t o   t h e   e a s t  . o r  w e s t  .Loughlin..and .Koschmann . (1942) repor t  

t h a t  "white  rhyolite" forms sills in the  "lower andesite"  (lower 

t o  middle  Spears  equivalents),   east  of Granite Mountain, however, 

Chapin  (personal commun., 1973) has shown these   to   be   sca t te red  

exposures  of  the  tuff of Nipple  Mountain.' ' One rhyo l i t e .d ike  with 

an eas t e r ly   d ip  of 35O t o  40' is  known west of Anchor  Canyon 

(Loughlin and Koschmann, 1942).  Surface  exposures of  the .d ikes  are 

restr ic ted  to   the  northern  and.extreme  southern  ends  of   the  dis-  

trict, where  they  are  .conspicuous  because  of.  their  white  color. 

.Outcrops  of . the  dikes   are   notably  absent . f rom  the  central   par t   of  

the d i s t r i c t ,   bu t   t hey  are reported  to   be  present  in the  workings 

of  the Grand Ledge and Linchburg  mines, 

The dikes are grayish-white t o  .white on weathered  ..surfaces  and 

are w h i t e  t o  pinkish-gray-on  fresh  surfaces.  Outcrops are .often 

d i s t i n c t l y  flow-banded..rJhich.causes.the dikes   to   weather   to   p la ty  

grus. The dikes are.cornmonly speckled  with  1imonite.psuedomorphs 

a f t e r   p y r i t e ,  .which locally  consti tutes  as.much as 10 percent oE 

the  rock.  Quartz  phenocrysts.are common, cons t i tu t ing  as ?uch a s  

ten  percent of the  rock Tn some outcrops. Small or thoc la se   c rys t a l s  

are sometimes v i s i b l e .  

In th in   sec t ion ,   the   rhyol i te   has  a dense,.microgranular 

groundmass composed.of i r regular   quartz  and fe ldspar   g ra ins   tha t  
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are usual ly   a l tered  a lmost   completely  to   ser ic i te  and carbonate. 

Orthoclase  occurs  as  subhedral  to  euhedral.phenocrysts  and.as 

broken   f ragments   tha t   a re   h ighly .a l te red   to   se r ic i te  and carbonate. 

Brown (1972) d e s c r i b e s   r a r e   b i o t i t e .   f l a k e s   i n  .some of the 

rhyo l i t e s  of his study  area, .   Hair-l ike  .veinlets.   of  quartz and 

ser ic i te   thoroughly  lace many of the.dikes,  Loughlin  and. 

Koschmann (1942, p. 44)  repor t  a chemical  analysis  with 75.42 

percent  Si0 and 6.20 percent K 0. The  amount of these mater ia ls  . . 

t h a t  i s  due to   secondary   a1 tera t ion .k   no t  known. 

2 2 

The presence  of w h i t e  rhyol i te   d ikes  is s i g n i f i c a n t   i n   t h a t  

the  same extens iona l   fau l t  zones tha t  are occupied by the dikes 

were often  used  .as  channelr<ays.~for.  the  mineralizing  solutions  that 

formed the  orebodies of t h e   d i s t r i c t .   T i t l e y  (1958) described 

one highly-al tered  rhyol i te   dike  in   the  Linchburg mine that.occupied 

a major f a u l t  zone, and believed  that   other  rhyolite  dikes  might 

exis t   a long  the major s t ruc tures ,   bu t  were a l te red   beyond.pos i t ive  

recognition. The long,  white  rhyolite  dike  following the east s i d e  

of  Hardscrabble  Valley .marks the .trace .of the northern  .extension o'f. 

the main ore  zone . i n  t h i s   . a r ea . .  In .the  area  south  of the Vindicator 

s h a f t  ( p l a t e  1) , .mineral iz ing  . solut ions. . r is ing  a long  . the   . faul t  

occupied by the  white   rhyol i te  formed a moderate-sized-body  of 

zinc-lead  mineralization  .in  the Madera. .Limestone at i ts  contact 

wi th   the  Anchor Canyon Granite.. .Another highly-altered..rhyolite 

dike was found near   the  face of the  Mockingb.ird a d i t  on t h e  west 

s i d e  of  Hardscrabble  Valley.  There,.  the  dike is cut' .by  .thin 

ve in l e t s  of quartz and carbonate  that   also  contain some galena, 
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s p h a l e r i t e  and chalcopyrite.   Intensely-altered and pyr i t ized  wall 

rocks  surrounding  the  .d ike  .a t tes t - . to   the  c i rculat ion  of  hydro- 

thermal f l u i d s  in t h i s   a r ea .  

Quaternary System 

Landslide Depos i t s  

Up l i f t  of the  Magdalena Range .during  the Miocene w a s  

apparently  rapid,  with.the formation of s teep  dip  s lopes and 

fault   scarps.   Landslides  occurred  along  parts  of. the.range, and 

several  of  their  remnants  were'mapped.during  the  course of . t h i s  

s tudy  (plate  1). Most  of the  landsl ide  deposi ts-   are   found.along 

the  middle  parts o f  the   s lopes  in-   both  the  northern and southern 

p a r t s  of the   d i s t r ic t .   Severa l   scars   ind ica t ing   the   source  o f  some 

of the   l ands l ides   a r e  s t i l l  v i s i b l e   i n   p a r t s  of  the  range, 

especial ly   near   the Voodland and Young America mines,  where.masses 

of s i l i c i f i e d   K e l l y  Limestone  broke away and s l i d  down.the  slope. 

Most lands l ides  were composed of f a i r l y  homogenous mater ia l .  

genera l ly   e i ther   Kel ly  o r  Madera limestone..  Some.landslides.appear 

. .  

. .  

t o  have  occurred more as 's lumps  in  some areas ,  moving a s  a 

more-or-less  coherent mass..' One such example i s l o c a t e d  about 

1500 f e e t s o u t h e a s t  of; the Waldo sha f t ,  where a mass of Madera . 

limestone and quartzite.moved  as  a.sufficientiy  cohesive.mass  such 

that   gross   internal   re la t ionships 'were  maintained,  .even: thbugh- the 

mass was broken . i n t o  .a great  .number.of small .blocks,  none more than 

two fee t   in   d iameter .  !&e r e su l t an t   l ands l i ae  body somewhat re- 

sembles a well-crumbled  outcrop of Madera Limestone i n  which-one 

can  t race a th in ,   l en t icu lar   quar tz i te   for   shor t   d i s tances   a long  
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* “strike”.  Close  examination  of.  the. mass . reveals  .its t rue   na ture ,  

but  the body was mapped-.as..Madera Limestone..by ~Loughlin and 

Koschmann (1942, p l a t e . 2 ) .  Elsewhere in t h e   d i s t r i c t ,  some of t h e  

landslides  contain  blocks of a l tered  Kel ly   1imestone.so  large  that  

prospectors  drove  short-adits  and-sank  shallow  shafts i n  themtn  

search of mineral izat ion, ,   only  . to’f ind  . that   the   ”outcrop” ended 

in rubble a few f e e t  beyond. Loughlin..and.Koschmann- (1942, p. 22) 

r epor t   t ha t  a smlL amount .of  ore was produced from one  .of the  

blocks,  and t h a t  a 1200-foot.tunne1 was d r iven . in to   l ands l ide  

material in  the  southern  part   of the d i s t r i c t .  

Alluvium 

Alluvial   mater ia l  forms the.f lanks  of . the  western.s lope  of   the 

range,  consisting  of  fans’ of debr i s  comprised  mostly of Paleozoic 

sedimentary  and  Precambrian  intrusive  rocks. The alluvium  forms 

coverings on seve ra l  pediment surfaces which were d iscussed . in  

some d e t a i l  by  Koschmann and LoughlN. (1934), bu t  were not  studied 

in d e t a i l  by this wri ter .   Thicknesses   of . the  a l luvial   deposi ts   vary 

from a thin  veneer  to  greater  . than 100 f e e t ,  and grades- into  . the  

younger v a l l e y   f i l l .  They have  not.been  separated on the  geologic 

. .  

Talus 

Talus  has  been mapped’.in severa l   a reas- in .   the .Kel ly  district 

where it obscured  bedrock; The t a lus .depos i t s   a r e   a lmos t   t o t a l ly  

monolithologic and occur  below  well-broken o r   p l a ty  ash-flow t u f f s  

i n  every  case. 



STRUCTURE 

The s t r u c t u r a l   h i s t o r y  of   the  Kel ly   dis t r ic t  i s  only 

partially  understood.  Several   enigmatic  features exist in the  

area  that   are   here   descr ibed  for   the  f i rs t   t ime,   but   are   yet  

t o  be ful ly   appreciated.  

The d i s t r i c t   appea r s   t o   be   s i t ua t ed   a t   t he   j unc t ion  of 

t h r e e   s t r u c t u r a l  zones of regional  extent:   the MNW-trending ' 

Capitan  lineament,  the  NE-trending Magdalena-Morenci lineament 

and a hWW-trending zone  of  extens.iona1 f a u l t s   r e l a t e d   t o  the 

Rio Grande r i f t  zone. Some of these zones appear  to  have 

experienced  repeated movements over a considerable  time  span 

and have  influenced  the  posit ion and shape of some of the  caldera  

s t ruc tu res   i n   t he  Magdalena region. 

A detai led  descr ipt ion of the   s t ruc tures  of the  Kelly 

d i s t r i c t  was given by Loughlin and Koschmann (1942, pp. 55-73). 

The accuracy of the  timing and causes of the i r   var ious   s tages  of 

deformation was necessar i ly  l i m i t e d  because of their   incomplete 

knowledge of the   s t ra t igraphy and the ages of the  var ious  uni ts ,  

compounded wi th   t he i r   r e l a t ive   un fami l i a r i t y   w i th   t he   r eg iona l  

geology. 

A rev ised   s t ruc tura l   h i s tory  is presented below. A 

feature-for-feature comparison with  Loughlin  and Koschmann's 

e a r l i e r  work is  beyond the  scope of this   paper ,  and the  reader  

. 
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is r e f e r r e d   t o   t h e i r  work f o r   d e t a i l s  of s t ruc tu res  found i n   t h e  

individual  mines i n   t h e   d i s t r i c t .  

The major s t ruc tu ra l   even t s   t ha t  can be documented with 

cer ta inty  are ,   in   chronological   order :  Laramide  (Late  Creta- 

ceous-ear ly   Tert iary)   upl i f t ,   ear ly   Tert iary  t ransverse (NE) 

f a u l t i n g ,   l a t e  Eocene-early  Oligocene  transverse (NE) fau l t ing ,  

middle  Oligocene  caldera  collapse, and iate  Oligocene-early 

Miocene longi tudinal   faul t ing.   Figure 7 i l l u s t r a t e s   t h e  major 

s t ruc tu ra l   f ea tu re s  of t h e  Magdalena region. 

Local  Structure 

L i t t l e  can be  determined  about  the  structural   activity 

i n   t h e  Kel ly  d i s t r i c t   p r i o r . t o  Laramide  time. Folding  of  the 

Precambrian a rg i l l i t e  suggests some regional  compression  prior 

to   Xississ ippian  deposi t ion and the  presence  of  east-trending 

diabase  dikes  cutt ing  the  Precambrian  rocks  indicates  that  

f a u l t s  of tha t   t rend  were ac t ive  sometime before   the  deposi t ion 

of the  Kelly  Formation.  Small-scale  unconformities  in  the 

Paleozoic   rocks  indicate   that  some minor deformation  occurred 

during  the  per iod  that   they were  being  deposited  (Loughlin 

and Koschmann, 1942, p. 56-57). 

Laramide  Tectonics - 

No s t ruc tu res  of d e f i n i t e  Laramide  age  can  be documented 

. i n   t h e  Ke l ly  d i s t r i c t ,   s ave   t he   f ac t   t ha t   e ros ion  accompanying 



Figure 7. Major s t ructural   e lements  of t h e  Magdalena area. 

North  Baldy  Cauldron, (2) Magdalena Cauldron, ( 3 )  Langmuir 
Cauldrons are numbered in   o rde r  of  decreasing  age: (1) 

Cauldron, ( 4 )  Nt. IJithington  Cauldron, ( 5 )  Socorro 
Cauldron.  Figure  modified  after Chapin  and o the r s  (unpub.) 
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. .  

regional  uplift   beveled  the  pre-Spears  surface down t o   t h e  . 

l e v e l  of  Permian s t r a t a   w i th in   t he   a r ea  of th i s   s tudy .  In 

order   to   p lace   the   Kel ly   d i s t r ic t   wi th in   the   reg iona l   s t ruc tura l  

s e t t i n g ,  a br ie f   descr ip t ion   of   the   s t ruc tura l   fea tures   o f  

Laramide age  in  the  area  surrounding  the district i s  presented 

below. 

The Kelly  dis t r ic t :  is s i tua ted  on the  northwestern  flank 

of a l a rge  Laramide u p l i f t   o r   u p l i f t s  of unknown dimensions . 

and configuration. Chapin (pers. comm., 1974) be l ieves   tha t  

t h e   u p l i f t  may have  extended a t   l e a s t   a s   f a r   n o r t h e a s t   a s  

Polvadera  Mountain,  approximately f i f t e e n  miles ENE of  Magdalena, 

and as   far   south  as   the  southeastern  f lank  of   the San Mateo 

Mountains, some 30 miles south of t he   Ke l ly   d i s t r i c t .  Some idea 

of the  exis tence and extent  of t h e   u p l i f t  may be  gained by 

not ing   tha t   to   the   nor th  of the   s tudy-area ,   in   the   nor thern  

Bear Mountahs, t o  the  west ,   near   Dat i l ,  and to   t he   ea s t   nea r  

Carthage,  the  base  of  the  mid-Tertiary  volcanic  pile  rests on 

sediments of the  Baca Formation of Eocene age,  which i n   t u r n  

overlies  upper  Cretaceous  strata.  On t h e   u p l i f t ,   t h e  T e r t i a r y  

volcank  rocks rest on Paleozoic  0r.Precambri.m  rocks. , The 

prec ise   ou t l ine  of t h e   u p l i f t  and whether it w a s  a s i n g l e  swell 

o r  a s e r i e s  of closely-spaced  smaller  uplifts  i s  not  known. The 

core of the   up l i f t   appears  t o  have  extended  from  the Chupadera 

Mountains,  south of Socorro, whe.re ash f l o w s  similar t o   t h o s e   i n  
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the  A-L Peak  Formation r e s t  on Kelly  Limestone and Pre- 

cambrian  rocks,  northward t o   t h e  Socorro and Lemitar 

Mountains,  where  Cenozoic  volcanic  rocks  overlie  lower 

Pennsylvanian s t r a t a  (Chapin, pers. comm., 1974). 

Further  north,  Kelley and Wood (1946) have documented 

a Laramide  arch,  the  Lucero  uplift, which was broken on 

its west  flank soon after arching  began,  forming  the 

'Comanche t h r u s t   b e l t .  This b e l t  of high  angle  reverse 

f a u l t s ,  which i s  known t o  extend a t   l e a s t   t h i r t y  miles 

southward  from Lucero Mesa, generally  has  lower  Permian 

and Pennsylvanian  sedimentary  rocks  pushed up against  upper 

Permian and Triassic  rocks.   Stratigraphic  displacement 

on these   fau l t s   a re   thought   to   be  between 2000 and 40.00 f e e t ,  

with  actual  displacements  possibly much greater.  Kottlowski 

(pers. comm., 1975) r e p o r t s  the  presence of possible   kl ippe 

. .  

' o r   f a u l t   s l i v e r s  of Precambrian  rocks in t he   a r ea  WNW o f .  

Ladrone  Peak. The locat ion  of   these  outcrops  indicates   to  

Kott lowski   that   the   s t r ike of the  Comanche t h r u s t   b e l t  may 

be more souther ly   than  interpreted by Kelley and Wood (19461, 

who thought   that   the   t race of t h e   t h r u s t  curved  southeastward 

in   t he   a r ea   no r th  of Ladrone  Peak. 

A t  the   present   t ime,  it is not  possible  to  determine 

if the  Chupadera Mountains-Socorro-Lemitar Mountains u p l i f t  



is  an extension of the  Lucero  arch  or  whether  the  Lucero . '  

arch may have  forked  to form two or  more semi-parallel 

arches  to   the  south,  one of which may have  extended  through 

the  Magdalena area.   Sales  (1968) has  suggested,  using . 

the  rheid  concept,   that   large-Wavelength  uplifts  formed by 

rapid  tangential  compression  cannot  sustain  themselves and 

t e n d   t o   f a i l ,  forming u p l i f t s  of smaller  wavelength  and 

ampl i tude .  Thus a la rge ,   a rch ing   up l i f t   tha t  i s  i n i t i a l l y  

severa l   t ens  of miles wide  would f a i l  upon re laxa t ion .of  

compressive  forces,  forming two or  more subparal le l   arches 

. of smaller  amplitude.  Thrusting'or  high-angle  reverse 

f au l t i ng   cou ld   occu r   ad j acen t   t o   t he   i n i t i a l   l a rge   up l i f t  

i f  compressive  stresses  were  applied  rapidly enough, o r  

adjacent  to  the  smaller  arches  (anticlines)  because of 

fa i lure   a long  fold  axes   of   isocl inal ly , folded  rocks  or   other  

mechanisms. Sales (1968) has   i l lustrated  through model 

experiments and f ie ld   ev idence   s imi la r   s t ruc tures   resu l t ing  

from l e f t - l a t e ra l   coup les   i n   t he  Wyoming foreland  region. 

Early T e r t i a r y  Faulting 

Following  Laramide  deformation, much of the  southwestern 
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United  States  experienced a period of re la t ive  quiescence  during 

which the   up l i f ted   a reas  were  eroded and t h e   r e s u l t i n g   d e t r i t u s  

was deposited  in  surrounding  basins,   creating a widespread  surface 
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of low r e l i e f  (Ep i s  and Chapin,  1973). In t h e  Magdalena region, a 

broad  plateau-like  area  adjacent  to  the  central   part  of t h e   n p l i f t ( s ) .  

was s t r ipped  of a l l  rocks  younger  than  the Abo. Formation  over much 

of its surface.  The h ighes t   par t  of t h e   u p l i f t  was eroded down t o  

the  Precambrian  rocks i n  i ts  core. Detrital ma te r i a l   r e su l t i ng  

from th i s   e ros ion  was depos i ted   in   the  Baca 'basin, a narrow(?), 

west- t rending  bel t  of  f l u v i a t i l e   a r k o s i c  and subarkosic  sands and 

conglomerates  that maconformably overlie  upper  Cretaceous strata 

and is overlain by volcanic  rocks  of  the Datil v o l c a n i c   p i l e  

(Snyder,  1971). 

. .  

.. 

Movement a long   nor theas t - t rending   t ransverse   fau l t s   re la ted   to  

the  Morenci-Magdalena l ineament  broke  the  plateau-like  area.in a 

zone that  extends  northward  from  Hardscrabble  Valley  possibly  as  far 

as the  southern edge  of t h e  Bear Mountains  sometime dur ing   the   ear ly  

Ter t ia ry .  Movement a long  these  t ransverse  faul ts  was graben-like, 

wi th  a down-to-the-north sense  in  the  Hardscrabble  Valley-Granite 

Mountain. area,   preserving a thick  sect ion  of  Permian  sediments, 

including  rocks  of  .the Abo, Yeso, Glorieta,  and San Andres  Formations, 

in the area   eas t   o f  Granite Nountain.(Siemers,  1974).  Lesser.amounts 

of movement a long   f au l t s   i n   t he   cen t r a l   Hardsc rabb leVa l l ey   a r ea  

resu l ted  in .the  preservation of a th ick   sec t ion  of Ab0 sandstones,, 

sandy  shales and l imestones.   Dri l l ing by ASARCO has  revealed 

. .  

a t  l e a s t  350 feet of  Abo-like  sediments i n   t he   subsu r face  at . the 

east   base of Stendel Ridge. Where exposed, t h e  Ab0 south  of 

Hardscrabble  Valley  averages  less  than 150 f ee t   t h i ck .  

* This NE-trending  zone  of  weakness ( the  Morenci-Magdalena 

lineament) i s  p a r t  of a major s t ruc tu ra l   f ea tu re   i n   sou thwes te rn  
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New Mexico and southeas te rn   Ar izona .   Faul t s   re la ted   to   th i s  zone 

exerted  great  control  over  .the-.emplacement of the  copper-bearing 

porphyries  of  Laramide  age  in.the  Morenci and Safford  areas  

(Langdon, 1973), and were l a t e r   t o   i n f luence   t he   pos i t i on  of 

middle  Cenozoic  volcanic.5eatures  as  well as t h e  southwestward 

b i furca t ion  of the  Rio Grande rift along  the Siin Augustin  graben 

during late Miocene time (Chapin, 1971). 

Although t h e  geology..of..the Granite Mountain area was not .  . 

included  in   this   s tudy,  it is of i n t e r e s t   t o   n o t e   t h a t  Loughlin 

and Koschmann (1942, p. 57); based on t he i r   mi s iden t i f i ca t ion  of 

the  Paleozoic   rock  uni ts   present   east   of   Grani te  Mountain, believed 

that  the  exposures  there  represented  the  beveled  western l imb of 

a northward-trending  elongate dome or  anticline  which'had  been mare 

deeply  eroded i n   t h e   S t e n d e l  Ridge area during  prevolcanic  time. 

Correc t   ident i f ica t ion  of the  rocks  in  tSis area  allows a d i f f e ren t  . 

i n t e rp re t a t ion  of t he   s t ruc tu ra l   h i s to ry .  . ' 

Late-Eocene-Early  Oligocene  Transverse  Faulting 

Movement a long   f au l t s  of NE trend  within and no r th  of 

Hardscrabble  Valley  .closely  preceded  the  onset of volcanism  during 

tlie latest Eocene-early  Oligocene. A northeasterly-trending low 

a rea  was present   north of the  Stendel Ridge area  during.the.deposi-  

t ion  of  the  S$ears Formation.. The.zone  apparently  remained  struc- 

turally,   but  not  topographically,   depressed  during Eocene time from 

the   southern   par t  of Hardscrabble  Valley,  where  Spears rests on 

middle or upper Ab0 rocks,  northward to   the   southern  Bear Mountains. 

Within  the  zone,  middle and upper  Permian  rocks  were  preserved, 
. ,  
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but no Eocene sediments were deposited.. Brown (1972) and Chapin 

'(unpub.)  have  noted  a.thick  sequence  of  Spears  volcaniclastic sed i -  

m a t s ,  l avas  and ash-flow tuffs in   t h i s   a r ea   t ha t   con ta in   s eve ra l  

f ea tu re s   i nd ica t ive  .of a. p-ersistent..topographic low. Included 

among these fea tu res . i s   t he .p re sence  of  conspicuous  flows  of 

,I turkey-track''  andesite,  which Chapin (pers. comm.; '1975) repor t s  

t ha t ,   l i ke   t he   t u f f   o f .N ipp le  Mountain,  flowed down narrow 

pa leoval l ies  and are   . therefore   general ly  found only  locally.  The 

unusual  thickness and pers is tence of t h e  "turkey-track''  andesite 

wi th in   the   zone   ind ica tes   tha t   the .a rea  was topograph ica l ly .10~  

during  Spears time. Another.unit~.that-distinguishes the  Spears 

s ec t ion   i n   t he   a r ea   desc r ibed . i s  a dist inctive  conglomerate com- 

posed of si l icified,   hydrothermally-altered  fragments of volcanic 

' rock   tha t  are coated by reddish-brown  hematite. The conglomerate, . 

which is a s  much a s   fo r ty   f ee t   t h i ck   i n . the   sou the rn  Bear.Mountains 

(Brown, 1972, p. 17).and.200 feet t h i c k  a t  Granite  Mountain.(Chapin, 

pers. comm,, 1975), was appareutly  deposited by s t reams~  draining 

an  area of volcanic and hydrotherfnal:activity..to the  west  or  south- 

west of t h e   a r e a   o f . t h i s . s t u d y .  The conglomerate is not found i n  

the  Stendel  Ridge area o r   f u r t h e r   s o u t h   i n   t h e   d i s t r i c t ,   i n d i c a t i n g  

t h a t   t h a t   a r e a  was on the  southern  shoulder of the  northeast-trend- 

ing  lowland  during  Spears time. 

. . .  

. .  

Faul t s  marking the  southeastern edge of t h e  NE-trending  zone . .  

appear .   to   have   ex is ted  at  l ea s t   a s   f a r   sou th  as the N i t t  s ha f t  

(p l a t e  1) and were l a t e r   o b l i t e r a t e d  by the   i n t rus ion  of  the N i t t  

Monzonite. The Kelly-Graphic.   cross  fault   (plate 1 and f i g .  8; 

Loughlin and Koschmann, p l a t e  20) and the Chihuahua  Gulch f a u l t  

. .  
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may b e   l e s s e r   s t r u c t u r e s   r e l a t e d   t o . t h e  NE-trending  zone. Movement 

a long   t hese   l a t t e r   f au l t s   du r ing   t he   ea r ly  Oligocene  cannot  be 

documented,  however. 

Deformation  of  Oligocene Age 

It is  p robab ly   s a fe   t o   s t a t e   t ha t   t he  major s t ruc tu ra l   f ea -  

t u re s  of the   Kel ly   d i s t r ic t   a re .of   middle ' to   l a te   Ol igocene  age. 

During this   t ime,   the  extensive ash-flow sheets   of   the  Hell's Mesa 

and A-L Peak formations  were  erupted and were  accompaniedby  the 

development of large  calderas .  A t  l eas t   f ive   cau ldrons  are known 

or   suspec ted   to   ex is t   wi th in  a 15 mile radius of Magdalena,~ Most 

of   these  s t ructures   overlap and have left a perplexing  puzzle   to  

unravel,   as many of  the  cauldrons  have  only  recently  been .recog- 

nized and have  not been s tud ied   i n   de t a i l .  The Kelly  mining d i s t r i c t  

appears   to   be  s i tuated  on. the  margins  of two overlapping  cauldrons, 

one  of  which was the  source  of   the Hell's Mesa tu f f  (30-32 m.y.) 

and the  other  may have accompanied eruption  of  one.or  more~of  the 

units of   the  A-L Peak  Formation (2.29 m.y.). Most of  the  major 

fau l t ing   dur ing   the   Ol igocene   in   the   Kel ly   d i s t r ic t ' appears   to   have  

ended before  . the N i t t -  and  Anchor Canyon stocks '(28 m.y.). were . 

int ruded,   thus  f ixing  the  age of the  deformations  within  fa i r ly  

narrow limits. 
.. 

Any attempt at  in t e rp re t ing   t he   s t ruc tu ra l   h i s to ry   o f   t he ' d i s -  . 
t r i c t  must a l so   expla in   those   fea tures   re la ted   to   s t ruc ture .  It 

may be  of some value  to 'view  the  Kel ly   dis t r ic t  as a whole in order  

to   d i s t inguish   a reas   wi th  similarities and to   i den t i fy   t hose  

features   that   appear  anomalous or  unusual. 
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One may def ine .at. least   . four,   north-trending zones t h a t  seem 

. to   con ta in   s imi l a r i t i e s  w i t h  r ega rds   t o   s t ruc tu re  and rock   un i t s  

bu t   tha t  are d i s t inc t . f rom. the   o the r  zones.  Figure 9 i l l u s t r a t e s  

the  var ious  zones  ident i f ied  . in   this   s tudy.   Data   used in composing 

t h i s   f i g u r e   h a s  come from th i s   s tudy   a s   we l l   a s  from  Loughlin and 

Koschmann (1942) and . I o v e n i t t i -  (1977). and covers most  of . the  area 

o r ig ina l ly  mapped by  Loughlin and Koschmann (1942), p a r t  of  which 

was not  remapped i n  this study:'The reader i s  referred t o . p l a t e . 1  

and f i g u r e s  8 and 9 to   a id   in   fo l lowing   the   d i scuss ion  below. 

The easternmost  of  the  zones.  consists  of..   the  ciestal  part of 

the  range and is bordered on i ts  west s i d e  by a l ine  connect ing 

t h e  NNW-trending b e l t  of Precambrian  outcrops  through  the  center 

o f   t he   d i s t r i c t .   Eas t  of th i s   l ine ,   the   rocks   a re   genera l ly  of 

.gent le   to   moderate   wester ly   dips  .(lo -30 ) and form  monoclinal 0 0  

blocks composed of rocks of the  Kelly  Limestone and lower  Sandia 

Formation. An except ion   to   th i s   genera l i ty  is found i n   t h e   l a r g e  

block of Madera  and Sandia  rocks on the  west   f lank  of .   Tip Top Peak 

(approximately 3000 f e e t  ENE of the  Waldo sha f t )  which is composed 

of  younger  rocks  and.is  of  generally steeper dip. 

A second  zone  comprised of rocks  having  gentle  to.moderate 

dips ,   wi th   local   jumbling,  i s  loca ted   to . the   wes t  of the f i r s t . z o n e  

and is  bordered on the  west by the   a rcua te   be l t   o f .ou tcrops   o f .  

the la t i te  porphyry  dike i n   t h e . s o u t h e m  p a r t  o f   t he   d i s t r i c t ,  by 

t h e  Waldo f a u l t   n o r t h  of  Chihuahua.Gulch, t h e  Waldo-Madera f a u l t ,  

zone i n   t h e   v i c i n i t y  of t h e  Waldo Mine, and by the  northward 

extension of t h e  Waldo fault   in  Hardscrabble  Valley.  This second 
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r. zone is comprised  almost  wholly  of  Paleozoic  rocks and e s s e n t i a l l y  

def ines   the main o r e  zone of the  Kelly  district--that  zane. . in  which 

a l l  of  the  major  mineralization  discovered  to  date  has  been found.. 

A t h i r d  zone is found  west  of  the main ore  zone.and is comprised 

of  rocks  of  the Abo, Spears and Hell's Mesa Formations  that.form two 

large  monoclinal-blocks.  Gne.is loca ted   i n . the   sou the rn   pa r t  of 

t h e   d i s t r i c t  and is bounded .on ..the ..east by t h e  main ore  zone and .on 

the west by t h e  Smith and South Camp f au l t s .  .The second..block makes 

up the  bulk  of  Stendel  Ridge and is bordered on t h e   e a s t b y   t h e  main 

ore  zone  and.on  the  west  by.the N i t t  Monzonite and the  NE-trending 

. f au l t   t ha t   s epa ra t e s   t he   bu lk  of Stendel  Ridge  from.the  low h i l l s  

to   the  northwest .  The block  in   the  Stendel   Ridge 'area- has  a' g r e a t e r '  

westward tilt and is  more in tense ly   a l te red   than   the   b lock   in   the  

southern  part  of t h e   d i s t r i c t .   T h i s   t h i r d  zone  does not   form a 

continuous  band.through  the  length of t h e   d i s t r i c t ,  as do t h e   f i r s t  

two, but  i s  in te r rupted  by the  Kelly-Graphic  fault  block  which is  

bounded on the  south by t h e  Chihuahua  Gulch f a u l t  and on the nor th  

by the N i t t  Monzonite. 

e 

The fourth  zone is composed principally  of  rocks of t h e  upper 

Hell's Mesa t u f f s ,   t h e  A-L Peak  Formation and the   andes i te  .of . 

Landavaso  Reservoir. It is bordered on the   ea s t  by the  monoclinal . . . 

blocks of the  Ab0 and Spears  rocks  south of Chihuahua  Gulch  and  by 

t h e  main ore  zone  north of Chihuahua  Gulch. The rocks   o f   th i s  

fou r th  zone  are   character ized  by. intense  faul t ing and moderate t o  

s t eep   d ips .   S i l i c i f i ca t ion   o r   o the r  minor mineral izat ion is found 

U along most o r  a l l  of t he   f au l t s   w i th in   t he  zone. This   fourth zone 



... 92 

does  not seem t o  have a continuation  north  of  the  south.ern  boundary 

of t h e  N i t t  Nonzonite. 

Rocks west  of  the  fourth  zone  include what appear t o   b e  much-bro- 

ken andesite  of Landavaso Reservoir  overlain by t h e  Upper.Tuff i n  the 

sou the rn   pa r t   o f   t he~d i s t r i c t  and by r e l a t i v e l y  unbroken,  moderately 

t o  poorly-welded  ash  flaw  tuffs,  volcaniclastic  sediments.and ande- 

sites i n   t h e   a r e a  west of the Waldo and Kelly  mines  (plate $1 and. 

.. . 

may i nc lude   t he   t u f f s  and volcaniclast ic   sediments . that  form the  

low hills  northwest  of  Stendel  Ridge. . .  

The first three  zones described  above end abruptly  against   the 

Unity  fault   or  the  North Fork Canyon f a u l t  zone and the  outcrops  of 

the  cauldron f i l l   f a c i e s  of the Hell’s Mesa t u f f .  The fou r th  zone 

appears  to   cont inue  fur ther   south beyond the   a rea  of th i s   s tudy .  

Fau l t s   r e l a t ed  t o  the  North Bal.dy Cauldron 

The Unity and North  Fork Canyon f a u l t s   a r e   i n t e r p r e t e d   t o   b e  

structures  comprising a portion of the  northern  border of a caldera 

formed during  the  erupt ion of the  Hel l ’s  Mesa t u f f .  The center..of 

t h i s   c a l d e r a  i s  bel ieved  to   be  located somewhere i n   t h e   c e n t r a l   o r  

southern Magdalena Range. A s  the. .central   block of the  caldera.sub- 

sided,  displacement  along  the  outer  r ing  faults  occurred,  exposing. 

tocks of the  Spears ,  Ab0 and Madera.formations  along  the  northern 

wall. Some col lapse of the  wal l  must have  occurred  a t . this . t ime  to  

form the  breccias   interbedded  with. the Hell’s Mesa tuf fs   south  and 

west of North  Baldy  Peak. With fur ther   subs idence   o f . the   cen t ra l  

. .  

. .  

block,   set t l ing  a long  the  Unity and North  Fork Canyon f a u l t s  con- 

t inued,   dropping  the  ent i re   sect ion of the  Madera down, t o ~ b e   l a t e r  

covered by the ash-flow t u f f s  and interbedded  landslide  breccias  of 
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t he   ca lde ra - f i l l   f ac i e s  of t h e  Hell's Mesa Formation. The small  

s i z e  of  the  breccia  fragments and l imited  extent  of the   ind iv idua l  

mesobreccia units i n t e r c a l a t e d . w i t h   t h e   t u f f s  may ind ica t e   t ha t  a 

r e l a t ive ly   sma l l  amount.of  topographic  relief was p re sen t . - i n . th i s  

area  during  caldera  collapse.  The mixture of Spears, Madera and Ah0 

fragments i n   the breccias  may indica te   tha t   . the  lowermost Spears '  and 

upper Madera-lower Ab0 were  exposed in   the  caldera   wal l .   Al terna-  

t ively,   the  fragments of Paleozoic  rocks  in  the  breccia may r e f l e c t  

only  reworked  material.from.the  lower  Spears. Inasmuch as the  

ca lde ra - f i l l   f ac i e s   ove r l i e s   d i r ec t ly   t he  Ab0 and Madera rocks  north 

of t h e  North  Fork Canyon f au l t   (p l a t e  l), t he   f i r s t   hypo thes i s  seems 

most l ikely.   Detai ls   concerning  the  actual   extent  of .the  North 

Baldy cauldron  are  not known as  of th i s   wr i t ing .  

. .  

. .  

F a u l t s   r e l a t e d   t o  a cauldron west of t h e  Kelly d i s t r i c t  

The four   s t ruc tura l - l i tho logic  zones described in t h e   f i r s t  

pa r t  of t h i s   d i scuss ion   a r e   a l so   i n t e rp re t ed ' t o   be   r e l a t ed  io. 

caldera  collapse  centered  west of t h e  main pa r t  of t h e   d i s t r i c t .  

When v iewing   t he   d i s t r i c t   a s . a  whole, it is  apparent  that  each of 

t h e  zones  represents a b e l t  of roclcs tha t   has  been fau l ted  down 

r e l a t i v e   t o   t h e  zone tha t   bo rde r s . i t   on ' t he   ea s t . .  The zones  a l ter-  

na t e  between those comprised of monoclinal,  westward-dipping . 

blocks   ( f i r s t  and .third  zones) separated by somewhat narrower  zones 

of  moderately- t o  s teeply-dipping  rocks  that   are   local ly  jumbled- 

the  rocks  dip at various  angles  with somewhat .divergent   s t r ikes .  

Figure 8 shows t h e  major f a u l t s  of t h e   d i s t r i c t  and t h e i r .  

in te rpre ted  o r  known o f f s e t s .  The fau l t s   tha t   separa te   the . second 
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e from the   t h i rd  and t h i r d  fromrfourth  zones  south of Chihuahua  Gulch 

a r e  of major  displacement--greater-than  1000.feet.  North  of 

Chihuahua  Gulch and south. ,of  the.Nitt .Monzonite,   the Waldo-Madera 

f a u l t  zone i s  also.one.of .major   offset .   Faul ts .of  unknown displace- 

ment separate   the ..zpnes ..in .Hardscrabble  Valley. 

Within or adjacent-to  the  second  zone  (the-main-ore  zone) 

are the   d ike- l ike   l a t i t e   porphyry  of Mis t l e toe  Gulch and. the . : ' 

Waldo-Madera f a u l t  zone--two key features   which  help  indicate   the 

s t ructural   environment .of   the  dis t r ic t .  The discontinuous line of 

. .  

outcrops of the 1atite.porphyry-form  an  arcuate  band  through.the 

center  of t h e   d i s t r i c t   ( p l a t e  1) , which  changes i n .  s t r i k e .  from NNE 

in   the   southern   par t  of the area   to   nor thwes t   in   the   a rea .of   the  

Mistletoe  tunnel.  The northwest  trend i s  extended by occurrences 

.of t h e   l a t i t e   i n   t h e   l o w e r   l e v e l s  of the  Waldo.Nine .(see f igs .  5 . 

and 10). The 1a t i te .porphyry  is  in t e rp re t ed   t o   be   pa r t  of a . r i n g  

dike  occupying a deeply-penet ra t ing   s t ruc ture 'a t   the   margin   o f . the  

caldera.  The l a t i t e   i n t r u d e d   t h e   f a u l t  zone s h o r t l y   a f t e r   c o l l a p s e  

of the   ca ldera ,   as  i t  appears  to  pre-date  the.mineralization.and. 

alteration.  Available  .exposures  indicate  that  only  minor..post-in- 

t rus ion  movement has   occurred  a long  the  s t ructure .  

.. 

The Waldo-Madera.fault.zone  is.one of t h e  most i n t r igu ing  

f e a t u r e s   o f . t h e   e n t i r e ~ K e l l y   d i s t r i c t . .  The 500-foot-wide  zone of 

jumbled Madera Limestone.extends  approximately 2800 f e e t  southward 

from N i t t  Monzonite ( p l a t e ~ l ) .  .On the   surface,   the   zone is 

expressed by a number of blocks of r ec rys t a l l i zed  and s i l i c a t e d  

limestone of various sizes that   general ly   have a n o r t h e r l y   s t r i k e  

and s teep d i p s  that   range from 50° westward t o  SOo eastward.  Small 
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breccia  zones  may.be.  observed  .between  many  of  the  larger  blocks. 

The  zone  extends  at  least. 1500 .feet  below  the  surface  throughout 

most  of  its  length  and  has  been  extensively  explored  above  the 6500 

elevation in the  area  of the-Waldo shaft,  as  it  contained.severa1 

significant  zinc-lead-copper  orebodies..  Figures 5, 10 and 11 are 

slightly  modified  mine  maps f rom ASARCO.  files  which  illustrate 

most  graphically  this  complex:.feature.  Figures 5 and' 10 .are. 

cross-sections  whose.positions  are.noted on figure 11. ' ' 

The  jumbled  limestones  and  shales  are  bordered. on the  west 

by a complexly-faulted ..mass .of  Hell's Mesa  and  flow-banded'.tuffs, 

which  also  show  some  evidence  of  jumbling  and  brecciation.  The 

flow-banded  unit  is  welded.to  the  Hell's  Mesa  in  several  locations 

near  the  Waldo  Mine,  indicating'that it was  very  hot  and  implying 

that  its  source  was  nearby.  Chapin  (pers.  commun., 1976) believes 

these  to  be  the only exposures  where  the  flow-banded  unit  is 

welded  to  the  older  rocks. 

The  jumbled  zone  is  bordered on the  east  by a monoclinal.block 

of  Sandia  shales  and  limestones  which  are capped.in.one area just, . 

north  of  the  Ida  Hill  tunnel  by a thin.plate  of  Madera  Limestone 

(plate 1). The  contact  of  the  plate  is  discordant,  as  shown in 

figure 10, and  was  slightly  mineralized.  The  contact.is.exposed  in 

a small  prospect  driven  into  the  southern  edge of the  plate.  Here 

imbricated  fault  breccia  indicates  that  the  relative  moment  of  the 

plate  at  that  point  was  eastward. 

The  age of these  features can be  closely  bracketed,  .as  they 

occurred  shortly  after or during  the  initial  eruption  of  the 

flow-banded  member of the A-L Peak  Formation (29 m.y.), but  before 



e 

96 

t he   i n t rus ion  of  the N i t t  and Anchor Canyon s tocks (28 m.y.) and 

the  mineral izat ion  that   fol lowed.  

The o r ig in  of the  Valdo-Madera-fault zone is poorly  under- 

stood,  but  several   hypotheses  can.be  presented: 

(1) The zone is  a broad band..of f au l t i ng   t ha t   has  had 
complex movement r e l a t e d   i n   p a r t   t o   u p l i f t  and r o t a t i o n  of the 
range  during  the  beginning  phases  of  basin and range  deformation. 
Repeated movement along  both  the Waldo and  Madera f a u l t s  a t  
d i f fe ren t   t imes  may have  caused the  jumbling  observed. 

(2) The zone may represent some s o r t  of  chaotic  breccia 
s i m i l a r   t o   t h e  Armagosa  Chaos i n  Death  Valley,  California, des- 
cribed by  Noble (1941). He gave .as   charac te r i s t ics  of t h e  chaos: 

(a) The arrangement  of  the  blocks i s  confused 
and disordered--chaotic. 

(b) The blocks,  though.mostly  too  small  to map 

anything  that   could  be  called  a 'breccia;  most of 
( a t  a s ca l e  of 1:2,5000), are vas t ly   l a rge r   t han  

much a s  a quarter  of. a mile, and a few.are  more 
them a r e  more than 200 f e e t   i n   l e n g t h ,  some as  

than  half  a mile   in   length.  

' (c) They a r e   t i g h t l y  packed together ,   not   separated 
by  much finer-grained  material .  ' 

(d) Each block is  bounded by surfaces  of movement; 
i n   o the r  words,  each is a faul t   b lock.  

(e) Each block is  minutely.fractured  throughout, ' ' 

yet  the  original  bedding  in  each  block.of  sedimentary 
rock i s  c l ea r ly   d i sce rn ib l e  and is sharply  t runcated 
a t   t h e  boundary  of the  block. Commonly the  besding, 
even  of  incompetent  beds, i s  not   g rea t ly   d i s tor ted .  

' The Armagosa chaos  covers a l a rge  area i n   t h e  Death  Valley 

region and occurs  as  the  upper  plate  of a th rus t  (?) f a u l t .  The 

remaining  thickness of the  chaos  does  not  greatly  exceed 2000 f e e t ,  

bu t  Noble @. e., p. 965) s t a t e s   t h a t  i t  may have  been much 

grea te r .  

Many.of t he   cha rac t e r i s t i c s  of the  Armagosa chaos  apply t o   t h e  

jumbled  blocks of l imestone  in  the Waldo-Madera faul t   zone,  and it 
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is poss ib l e   t ha t   t he  jumbled zone is the  down-faulted and preserved 

remnant of a chaot ic  mass . tha t .had  an unknown, but  probably  limited, 

ex ten t   i n   t he  Ke l ly  d i s t r i c t .  

( 3 )  The zone represents  a l a rge  mass of caldera  collapse-re- 
la ted   l ands l ide   mater ia l   s imi la r   to   the   megabrecc ia   in   the   cen t ra l  
S a n  Juan  Moqtains of Colorado  described by Lipman (1976). The 
zone is the r e s u l t ' o f  large-scale  collapse of the  oversteepened 
cauldron walls as   the  central   b lock of the  cauldron  subsided.'  

Although.there may be .o ther   poss ib le  mechanisms by which 

features   such  as   the Waldo-Madera f a u l t  zone may form, the   t h ree  

described above  seem most possible,   given  the  present  state of 

knowledge  of t h e  geology i n   t h e  Magdalena area.  The first 

hypothesis may be  discounted  partly  because  evidence of basin.and 

range  deformation  has  not  been documented t o  have begun earlier 

than  about 26 m.y. ago i n   t h e  Magdalena a rea  (Chapin, pers.  comun., 

1977). Also, the   sheer  s i z e  of t h e   f a u l t  zone i s  a typ ica l  of bas in  

and range   fau l t s  known elsewhere (Chapin, pe r s .  commun., 1975). 

The second  hypothesis can also  be  discounted  by.virtue of irs 

age (28-29 m.y.). The megabreccia  could  possibly  have been .formed 

. .  

along a high-angle   reverse   faul t   r .e la ted  to  Laramide  deformation,  but 

no other  evidence of s t ruc tu res  of t h i s   t ype  and magnitude i n  this . 

p a r t  of New Mexico have  been  recorded. 

The age  of   the  s t ructure  and r e g i o n a l   s t r u c t u r a l   s e t t i n g  

support   the  third  possibil i ty.   .Large  cauldrons of middle..or l a t e  

Oligocene'  age  surround  the  Kelly  district and the  margins-of  three. 

of these fea tures  are known t o   e x i s t  .x<ithin f ive  miles  of the  Kelly 

townsite. The North Baldy cauldron,  source of the   Hel l ' s  Mesa 

, .  

t u f f ,  i s  south of Kelly and the  Socorro  cauldron,  source of the 

t u f f  of Allen Well,.is to   t he   ea s t .  
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In the  scenario  suggested by this   hypothesis ,   large-scale  

. . col lapse of the  area  west   of   the   Kel ly   dis t r ic t  accompanied t h e  ' ._ 

eruption of the   flow-banded member of the  A-L Peak  Formation. The '  

actual  locus  of  collapse is unknown, as the   ca ldera  is now deeply 

buried  under l a t e r   i n t r aca lde ra   andes i t e s  and younger tuffs, but  it 

i s  bel ieved  to   be  located somewhere in t he   a r ea  west of the  Kel ly  

townsi te   ( f ig .  7).  

During  collapse,  major movement along  the Grand Ledge  and 

Madera f a u l t s  and t h e   f a u l t  zone now occupied by t h e  la t i te  porphyry 

of Mist le toe Gulch  dropped precaldera  rocks down on the  west. Some 

adjustments may also'  have  occurred  along  the  North Baldy  and  Unity 

f a u l t s ' a t   t h i s   t i m e ,   b u t   t h e  North  Fork Canyon faul t   appears   to   have 

experienced l i t t l e  addi t iona l  movement a f t e r   t he   depos i t i on  of t h e  

.Hell's Mesa t u f f .  In the   a rea  of the  Waldo Mine, the   p reca ldera  

rocks  appear  to  have  included a11 rocks  older  than  the flow-banded 

t u f f .  Rapid l o s s  of support on the  west  caused  oversteepening of 

the  caldera  wall along  the Madera f a u l t  zone. Landslides--apparently 

on a spectacular  scale--occurred, dumping preca ldera   rocks   in to   the  

void. The. rocks may have  slipped on the  Sandia  shales or perhaps 

t h e   t h i n   s h a l e s   i n   t h e   l o w e r  Madera. The rocks may have moved a s  

a semi-coherent mass i n  which the  rough s t ra t igraphic   sequence was 

maintained. Some mixing of t he   rocks   occu r red ,   r e su l t i ng   i n   b locks .  

of  Hell 's  Mesa tuff  surrounded by Madera Limestone and l a rge   p i eces  

of flow-banded tuff  enclosed(?)  in  blocks  of  Hell 's  Mesa t u f f .  The 

deeply-penetrat ing  r ing  f racture  was la ter   int ruded  by.masses  of 

monzonite, l a t i t e  porphyry and assorted  dikes. .  

e 

.e 
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Lipman (1976) has  described  large  megabreccias  in  the San 

Juan  volcanic  f ield of Colorado ' t h a t   i n  a general   sense seem ident i -  

cal to   the   b recc ia ted  mass i n   t h e  Waldo-Madera f a u l t  zone. Careful 

work i s  needed i n   t h e  Waldo  Mine t o  conf i rm  or   re fu te  this t en ta t ive  

cor re la t ion .  Masses  of in te rmedia te   to   s i l i c ic   igneous   rock   tha t  

are common between the  breccia  fragments  were  previously  interpreted 

to  be  dikes.   Closer  examination may revea l   tha t   they  are, i n  par.t, 

volcanic  rocks mixed with  the  l imestones.   Further  at tention  should 

be  given  to  the band of complexly-faulted  Hell's Mesa and A-L 

Peak t u f f s  west gf t h e  Waldo fau l t ,   as   these   rocks   a l so   appear   to  

be  incorporated  in  the  megabreccia. Should f u t u r e  work confirm 

this   correlat ion,   the   rocks  should  be  re legated  to  a sepa ra t e   un i t ,  

perhaps termed the  Waldo Megabreccia member of the  A-L Peak  Formation. * Most of   the  faul ts   wi thin  the Waldo-Madera f a u l t  zone  resul t ing 

from the  caldera   col lapse  or iginal ly  were probably   ver t ica l   o r  

dipped  steeply  westward.  Later  rotation of the  range  during  basin 

and range  deformation  has  resulted  in  the  present  configuration by 

steep,  east-dipping f a u l t s  and fractures  within  the  zone  bordered . 

by steep,  westward-dipping  basin and range   fau l t s   ( see   f igs .  5 and 10) .  

The p l a t e  of f la t - ly ing  Madera Limestone  overlying  steeply-dip- 

ping  Sandia  rocks  north of the  Ida H i l l  tunnel   (plate  1, f i g .  10) 

is also in te rpre ted   to   be  a landslide  feature,   al though  the  apparent 

eastward movement indicated by the  imbricated  faul t   breccia   f ragments  

presents  an enigma. Apparently  the  precaldera  rocks  above t h e  Sandia 

i n  this area had already  collapsed  into  the  caldera and the  Sandia 

was t i l t e d  westward somewhat a t   t h e  time the  l imestone bloclc was 

emplaced. The source of the  limestone was probably t o   t h e   e a s t  o r  

. 
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north,  as a source  to  the  west  does  not f i t   w i th   p re sen t   i n t e rp re -  

t a t ions .  The apparent  eastward movement ind ica ted  by t h e   f a u l t  

breccia  may be  due to counter-clockwise  rotation  of  the  l imestone 

mass a s  i t  s l i d  downslope. 

Structural  Adjustments During and After  Stock  Intrusion 

Some s t r u c t u r a l   a c t i v i t y  seems t o  have  accompanied the  period 

of  stock  intrusion  that  immediately  followed  collapse. of the  cauldron 

centered  west   of   the   Kel ly   dis t r ic t .   Sl ight  doming of the  Ab0 rocks 

may have  occurred  as  the  lat i te  porphyry of Mist le toe Gulch intruded 

the   a rea  between the Chihuahua  Gulch and O.C.O. f a u l t s   ( p l a t e ' l ,  

f i g .  8).  In t rus ive   p ressure  may a l so  have  formed t h e . t w o   h o r s t s  of 

Precambrian  rocks  east of the  Kelly and Waldo Mines (p l a t e  1). These 

blocks  occur  along one of the  margin faul t   zones of the  Magdalena 

cauldron.  Intrusion of the  N i t t  monzonite o r   l a t i t e  porphyry,  or 

both,  along t h e  zone i n   t h i s   a r e a  may have  caused  different ia l  up- 

l i f t  of the  blocks'. 

Minor adjustments  along NNW-trending fau l t s   appears   to   have  

immediately  followed  stock  intrusion. The mafic and whi te   rhyol i te  

dikes were in t ruded   a t   t ha t   t ime  and  were closely  followed  by 

mineralizing  solutions.  

Miocene Faul t ing 

S t ruc tura l   ac t iv i ty   fo l lowing   the   in t rus ion   of   the  N i t t  and 

Anchor Canyon stocks was dominated by basin and range-type  faulting. . 

I n   t h e   c e n t r a l  and southern  par ts   of   the   Kel ly .dis t r ic t ,   the   South 

Camp fault   appears  to  be  the range-bounding s t ructure .   South of 

Chihuahua  Gulch,  rocks  of  the A-L Peak  Formation a re   i n   j ux tapos i t i on  
e' 
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with  rocks  that   are  progressively  higher  in  the  Spears  Formation  as 

the  South Camp f a u l t  i s  traced  southward  until i t  in t e r sec t s  and 

truncates  the  northwest-trend.ing Smith faul t .   South  of   this   point ,  

rocks of the  Andesite.of  Landavaso-Reservoir and Potato Canyon 

Rhyolite  were  faulted  against A-L Peak uni t s .  The s i m i l a r i t y  of  the 

andes i t e s   i n   t he  two groups  caused  Loughlin and Koschmann (1942) 

t o  miss t h e   f a u l t i n g   i n   t h i s   a r e a .  

Displacements  across  the  South Camp f a u l t  is estimated t o  be 

about 1100 f e e t  in the   area  south of  Chihuahua Gulch and about  the . , 

same at  the  southern edge of the mapped area.  The faul t   cont inues 

southward for   several   miles   near   the  western  crest  of the  Magdalena 

Range (Krewedl, 1974). 

The range-bounding fault   cannot be t raced  with  cer ta inty  north of 

Chihuahua  Gulch. Some post-intrusive movement on the  Waldo and 

Madera f a u l t s  i s  evident,  and i t  appears  that   the Waldo f a u l t  may 

have  experienced  the  greater  displacement. Movement along  the Waldo 

faul t   appears   ' to   have  resul ted  in   the  t runcat ion,of   the  l imestone 

megabreccia in  the 'Waldo mine and juxtaposed A-L Peak rocks  against  

lower Madera l imes tones   jus t   nor th  of Kel ly   (plate  1) and brought 

middle(?) Ab0 rocks  against   lower  Xadera  just ,south  of  the  townsite.  

Near the  Waldo mine, th ick ,  jumbled Hel l ' s  Mesa and A-L Peak rocks 

were faulted  against  the  limestone  megabreccia  (fig. 11). Movement 

along  the Waldo f a u l t  zone fur ther   sheared and  deformed t h e  Ab0 sand- 

stones  to  such a degree  that  ASARCO geologists  did  not  recognize  the 

unit. 

The displacement on the  Waldo fau l t   dur ing   the  Miocene is 

uncertain  because  the  thickness  of  the jumbled Hell's Mesa and A-L 

Peak  rocks i s  not  known and the  amount of displacement of the 

* 
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precaldera   rocks  during~caldera   col lapse  has   not  been ascertained. 

It would be  reasonable  to assume t h a t  at l e a s t  500 t o  1000 f e e t  of 

displacement  has  occurred, however. 

In the  Stendel R i d g e  a rea ,   the   t race  of the  range-bounding 

f a u l t  i s  not exposed. It is  infer red  t o  be a n  extension of the  

Waldo faul t 'and  to   run  a long  the  eastern  base .of Stendel Ridge, 

cu t t ing   o f f   the   S tendel   fau l t ,  and to   separa te  Ab0 sandstones  from 

the  steeply-dipping Madera-.Limestone west of the   Vindica tor   fau l t  

(p l a t e  1). Assuming a thickness  of 1800 f ee t   fo r   t he  Madera, d i s -  

placement  on.the Waldo f a u l t   i n   t h i s   a r e a  may exceed 1500 fee.t. 

Further  north,  simultaneous movement on f a u l t s  of t h e  

Magdalena-Morenci lineament  dropped  the ground  between t h e  ' 

Magdalena  Range and the  main pa r t  of the  Bear  Mountains. Faul t ing 

along  the zone resul ted  in   the  formation of the  San Augustin  graben, 

a southwestward  bifurcation of the  Rio Grande r i f t  (Chapin, 1971a). . 

Upl i f t  of the   ran ie  was accompanied by westward ro t a t ion .  The- 

average  rotat ion  in   the  northern  par t  of t h e  Magdalena  Range appears 

to  be  about 30°, based on the  uniform tilt of the  Spears in t h e  

southern part o f   t he   d i s t r i c t .   D i f f e ren t i a l   ro t a t ion  may have. 

occurred  in  blocks  bordered by the   l a rger   t ransverse   fau l t s ,   such  

as t h e  O.C.O. and Chihuahua.Gulch f a u l t s ,   r e s u l t i n g   i n  an  apparent 

r i g h t   l a t e r a l   o f f s e t  iil the  range-bounding f au l t   a s  it crosses   those 

s t ruc tu res   (p l a t e  1). 

Upl i f t  was apparently  rapid at times,  as  oversteepening  induced 

large  landsl ides   throughout   the  dis t r ic t .   Several   remnants  of t hese  ' 

landslides  were mapped during th i s   s tudy   (p l a t e  1). Loughlin  and 

Koschmann (1942, pp. 73-75) i d e n t i f i e d   s i x  pediment su r faces   i n   t he  

. .. 



* d i s t r i c t ,   r e s u l t i n g . f r o m   d i f f e r e n t   s t a g e s  of pos t - in t rus ion   up l i f t .  

They have  elaborated on these  pediments  in  another  paper (Koschmann, 

and Loughlin, 1 9 3 4 ) .  

Upl i f t  of the Magdalena  Range pers is ts   today.   Sharp  faul t  

scarps   a long  the  east   face of the mountains a t t e s t   t o , r e c e n t  and 

cont inuing  act ivi ty .  
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ECONOMIC GEOLOGY 

The Magdalena d i s t r i c t  has  been.one of the  foremost.producers 

of z inc and l e a d   i n  New Mexico., having.  produced a t   . l e a s t  ..$52.mill.ion 

worth of meta ls   (a t   o r ig ina l   p r ices) .   .Par t ia l   p roduct ionxecords  

compiled by Loughl i rand Koschmann..(1942, pp. 84-85) i n d i c a t e  that 

t h e   d i s t r i c t  produced  more-than 230 mill ion  pounds.of.zinc,~.lOO. 

mi l l ion  pounds .of lead and 11 mil l ion .pounds of copper ~ during  the 

years 1881 t o  1940.  Subsequent  production.to  date,might  increase 

these   f igures  50 t o  100 percent. 

.. 

Mining a c t i v i t y   i n   t h e  distrlct was essential1y.continuous  from 

1875 t o  about  1960.  Sporadic  production  occurs  today  from  the 

Linchburg mine and there  i s  renewed e x p l o r a t i o n   a c t i v i t y   i n  and 

around  the  Kel ly   dis t r ic t .  
.e 

The l a r g e s t  mines in   the   d i s t r ic t   a re   the   Ni t t -Graphic ,  b 7 d d 0 ,  

Kelly and Linchburg,  from  which a t . l eas t .95 .percent .of   the . . to ta l  

production  has come. . Loughlin~and'.Koschmann (1942) gave a de ta i led  

h i s t o r i c a l   s k e t c h  of t he . a rea   and-d i scussed   a t  some length   the  .. 

. .  

developments i n   t he   va r ious  mines p r i o r . t o  1940. The reader is 

r e f e r r e d   t o   t h e i r . p a p e r  and i ts  bibliography.  Because  Loughlin  and 

Koschmann (1942) and Titley.(1958, 1961)  have  given f a i r l y   d e t a i l e d  

descr ipt ions of most of t h e  mines  of t h e   d i s t r i c t  and  have  gone.to 

considerable~lengths   descr ibing  the.var ious  gangue 'and  oreminerals  

found throughout  the  area,  the  remainder  of t h i s  paper .wil1  deal  

with a descr ipt ion of the  controls  of mineral izat ion;  some of t h e  

aspects  of t he   d i s t r ibu t ion  and controls  of ce r t a in   f ea tu re s  of * 
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the  hydrothermal  al teration found i n   t h e   d i s t r i c t ,  and suggestions 

for   fu ture   p rospec t ing   in   the  immediate  area'. 

Ore controls  
. .  . 

Several   factors   are   responsible   for   the  posi t ions and types 

of orebodies  found  in  the Ke l ly  d i s t r i c t .  A l l  of , these   fac tors  

have  been  described  in some d e t a i l  by Loughlin and Koschmann (1942) 

and T i t l ey  (1958, 1961, and  1963) and a r e  summarized below. 

The main o r e   c o n t r o l   i n   t h e   d i s t r i c t  is the   i n t e r sec t ion  of . 

faul ts   wi th  react ive  l imestones,   especial ly   those of the  Kelly 

Formation.   Essent ia l ly   a l l   la te   Oligocene  pre-ore   faul ts  were 
. .  

. .  conduits  for  hydrothermal  f luids,  'although the  intensi ty .of   mineral i -  

zation  varies  widely among ind iv idua l   f au l t s  and a long   s t r ike  of 

any individual   s t ructure .  The in t ens i ty  of mineral izat ion  a lso 

appears  to  be a function  of  the  proximity  to a l a rge   i n t rus ive ,  

body. The largest   orebodies   in   the  Graphic ,  Waldo and Linchburg 

mines a r e   a l l   w i t h i n  a few hundred f e e t  of  major intrusive  bodies ,  

and  although no such  re la t ionships   are  known from the  Kelly mine, 

the  presence of a l a rge  mass of l a t i t e  porphyry in   the   lower   l eve ls  

of the  southern end of t h e  Waldo  may ind ica t e  a s imi l a r   s i t ua t ion .  

The Sandia  Formation may have  been an addi t ional   control   over  

e 

the  shape o f  some of the  orebodies   as   the  re la t ively impermeable 

and unreactive  shales may have  acted  as a dam over  the more' permeable 

and reactive  Kelly  Limestones. T h i s  re la t ionship  is suggested'by 

th'e manto shape.of  several  of the  deposi ts   (see f i g .  12), although 

T i t l ey  (1958, p. 28) bel ieves   that   the   shales   should  not   be con- 

s idered   an   o re   cont ro l   in   th i s  way. 



Figure 12. Generalized  cross-section  across  the  Linchburg  orebody 
i l l u s t r a t i n g   r e l a t i o n s h i p  of o r e   t o   t h e  major s t ruc tu res  and 
to   t he   Ke l ly  Limestone.  Modified  sli’ghtly a f t e r   T i t l e y  (1958). 
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Ti t l ey  (1958, 1961, and 1963) has  described  the  controls  over 

su l f ide   depos i t ion  and orebody  zoning t h a t   c e r t a i n   s i l i c a t e  min- 

e r a l s  had in  the  Linchburg mine. In s h o r t ,   h i s   s t u d i e s   i n d i c a t e   t h a t  

c rys t a l l i za t ion  of  s i l i ca te   minera ls   inc luding   garne t  and pyroxenes 

only  sl ightly  preceded,  or were  contemporaneous with,   sulf ide  deposi-  

t ion .  A s  t he   su l f ides  were  deposited  sphalerite  preferentially 

replaced  garnet and galena  replaced  both  sphalerite and pyroxene. 

H e  also  noted a regular   sulf ide  zoning,   with  sphaler i te  most abundant 

c l o s e s t   t o   t h e   f a u l t  and galena more common towards  the,outer  edges 

of t h e  orebody. The reader is re fe r r ed   t o   T i t l ey ' s  works c i t e d  above 

f o r   d e t a i l s .  

. .  

Rock Alterat ion 

Propyl i t iza t ion  i s  the  most  widespread  type of a l t e r a t i o n  found 

i n   t h e   K e l l y   d i s t r i c t ,   a f f e c t i n g   t o  some degree  almost a l l  of t h e  

volcanic and intrusive  rocks.   Minerals   character is t ic   of   propyl i -  

t i za t ion   inc lude   quar tz ,   ca lc i te ,   ch lor i te ,   ep idote  and s e r i c i t e  

(Creasey, 1966), which occur   in   veinlets  and as  replacements  of 

or iginal   rock  minerals .   Within  the  Kel ly   dis t r ic t ,   propyl i t ic  

a l t e r a t ion   has  had s ign i f i can t   e f f ec t s  on the  volcanic  rocks,  

especially  the  Spears  Formation.  Intense  propylitization  has  changed 

the   o r ig ina l   pu rp le  and red  colors of the  Spears  Formation to   shades 

of  green and gray  in  the  Stendel Ridge a rea .   P ropy l i t i c   a l t e r a t ion  

of  the Ab0 Formation a t   t he   ea s t e rn   base  of Stendel  Ridge  bleached 

the  normally  red  sandstones and s i l t s tones   t o   shades  of  green and 

gray and prompted Loughlin and Koschmann ( 1 9 4 2 )  t o   c o r r e l a t e   t h e s e  

rocks  with  the  Sandia  Formation. 



Propyl i t izat ion  has   s t rongly  affected  the  volcanic  and in- 

t rusive  rocks  north of  Chihuahua  Gulch. In t h i s   a r e a ,   c h l o r i t e  

has   rep laced   b io t i te  and hornblende in the   d ike   rocks   to   var ious  

degrees and epidote,   quartz and ca l c i t e   occu r   i n   ve in l e t s  and as 

replacements of plagioclase and groundmass. Some areas   contain 

l a r g e  amounts of pyri te , .which,  when oxidized  under  supergene 

conditions,  forms sulfuric  acid;   the  acid  has  bleached  the  rocks 

and transformed much of t h e   s e r i c i t e   i n t o   c l a y s .   P y r i t i z a t i o n  is 

most intense  in   the  volcanic   rocks  west  of the  Waldo-Madera f a u l t  

zone, nor th  of the  P7aldo tunnel  (see  f ig.   13) and i n   t h e  area bor- 

dering  the  pass between the main par t  of Stendel  Ridge and the  low 

hi l ls   to   the  northwest .   Disseminated  pyri te  i s  a l s o  common i n   t h e  

. .  
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sedimentary  rocks and ash  f low  tuffs  of the   in t raca ldera   rocks   tha t  

constitute  the  small  crescent-shaped  hill  approximately  one  mile 

west  of K e l l y  (p la te   1 ) .  As a r e s u l t  of the  oxidat ion  of   the 

pyrite,   the  rocks  are  generally  mottled brown and  white, and many 

of t he   de t a i l s   o r   rock   t ex tu re  have been par t ia l ly   des t royed .  

S i l i c i f i c a t i o n  is a lso  a widespread   a l te ra t ion   fea ture- in   the  

Kelly  district .   Large'volumes of Kelly  Limestone  have  been  trans- 

formed to   j a spe ro id   i n   t he   ea s t e rn  and southern  part 's  of  the 

d i s t r i c t .  Almost every  exposure of the  Kelly  Limestone  found  along 

e i t h e r  s i d e  of t he   c r e s t  of the  range  has  been at  l e a s t   p a r t i a l l y  

replaced by l ight-gray,  yellowish  or reddish-brown jasperoid.   This  

jasperoid  of ten  has  a banded appearance,  with  layers  of  dense 

si l iceous  .rock  coated on both s i d e s  by masses of drusy  quartz 

c rys t a l s   ( s ee   f i g .   14 ) .  The banding may be  largely a r e f l e c t i o n  of 

the  or iginal   th in  bedding of  the Kel ly .  Many of the  bands  are  



, Figure 13. Photograph of t he   a l t e r ed  and bleached  Pinnacles member of  the A-L Peak Tuff northwest P 

of the  Waldo mine por ta l .  Note t h e   l a r g e   s i l i c i f i e d  pumice fragments  below and t o  t h e   l e f t  0 

of  the  knife. 

P 



Figure 1 4 .  Photograph of jasperoidal  Kelly  Limestone  exposed  in  outcrops on t he   c r e s t  of the range. 

jasperoid  r ich i n  accessory  minerals. 
Silica-rich  solutions  permeating  the  rock  along  bedding  planes  has  resulted  in a multi-colored 

c.l 
c.l 
F 
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i r regular ly   contor ted ,  which may indica te  some change i n  volume 

of the   o r ig ina l   rock  mass d u r i n g   s i l i c i f i c a t i o n .  

The f lu ids   r e spons ib l e   fo r   s i l i c i f i ca t ion  of  the  Kelly  appear 

t o  have  been  controlled by  some  of the  north-trending, late-Oligocen-e 

ex tens iona l   f au l t s   t ha t   i n   pa r t  preceded in t rus ion  of the  s tocks 

and control led o r e  deposition. The most intensely-altered  Kelly is 

ad jacen t   t o   t hese   f au l t s  and to   severa l   t ransverse   s t ruc tures   tha t  

connect  individual  strands  of  the system. The f luids   responsible  

f o r   s i l i c i f i c a t i o n  were probably  re la ted  to   those  that   created  the ' 

large  skarn  ore  bodies found i n   t h e   d i s t r i c t .  The jasperoid commonly 

has  small pods of lead and zinc  mineralization, some of which have 

yielded a few tons of ore  in  the  past .   Sparsely  disseminated  pyrite,  

and occasionally,   argentiferous  galena,   are common in   the   j aspero id ,  . 

espec ia l ly   in . the  more in tense ly   a l te red   a reas .   Bar i te ;   ca lc i te ,  

f l u o r i t e  and dolomite  are common accessory  minerals,   especially  in 

the   a rea   eas t  of Kelly, and some gold and silver is apparently 

scattered  throughout  the mass. Recent  widespread  bulk  sampling 

i n d i c a t e s   t h a t   t h e  amounts a r e  sub-economic even a t   t he   p re sen t  

(1974) higher   pr ices   for   the two metals. 
. ,  

An area of i n t e n s e   s i l i c i f i c a t i o n  is found near   the  .Grand Ledge 

tunnel,  where rocks  of  the  Kelly  Limestone and the  underlying Pre- 

cambrian  granite and a r g i l l i t e  have been s o  i n t e n s e l y   s i l i c i f i e d  

.as to   render  them indis t inguishable .  The area,  which is  dp t o  100 

f e e t  wide,  extends  along'the Grand  Ledge f a u l t   f o r   s e v e r a l  hundred 

f e e t .  A roughly  circular  area of the  most i n t e n s e l y   s i l i c i f i e d  

rock  appears  to  be a brecc ia ,   as   fa in t   ou t l ines  of angular  fragments.  

can  be distinguishes in   t he  mass. The a rea  of t h i s   i n t ense  

. .  
. .  
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" s i l i c i f i c a t i o n  lies a t   the   southern  end o f , t h e  Linchburg  orebody 

and d i r e c t l y  above the  quartz  monzonite exposed i n   t h e  Linchburg 

mine. 

Sil ica-rich  hydrothermal  f luids have also  affected  the  Paleozoic 

limestones and sil tstones  in  Hardscrabble  Valley.  In cont ras t   to  

t h e   g e n e r a l   s i l i c i f i c a t i o n  of the  Kelly  Limestone  in  the  central  and 

eas t e rn   pa r t s   o f   t he   d i s t r i c t ,   t he  Madera Limestone  has  been con- 

ve r t ed   t o  a dense mass of calc-s i l icate   minerals   over   large  areas  

in   t he   no r the rn   pa r t  of t h e   d i s t r i c t .  The limestones  south and 

west of the  Vindicator Mine (plate  1) have  been  largely  replaced  by 

an aggregate of diopside,   chlorite,   garnet,   carbonate and quartz. 

The a l t e r a t i o n  is  especially  inten'se  in  the  limestones  west .of t h e  

Vindicator and those  nearest   the   project ion of the Waldo f a u l t   t o  the 

west and north.  Minor lead-z.inc  mineralization  occurs  in  veins and 

as  disseminations  in  the  si l icated  rocks  throughout  the  area.  . Of 

i n t e r e s t  is t h e   f a c t   t h a t   t h e  most i n t ense   s i l i ca t ion   occu r s   i n  

limestones -.from i ts  contact  with  the Anchor  Canyon stock.. 

A wide band of sanded,   recrystal l ized  l imestone  separates   the - 
s i l ica ted   rocks   f rom. the   s tock   nor th  and west of the  Vindicator Mine. 

The i n t e n s i t y  of a l t e r a t i o n  is  general ly   seen  to   increase  near  

i n fe r r ed  o r  projected  faul ts .  Recent work has shown t h a t  a l a rge  

area of skarnif ied,   local ly   mineral ized  Paleozoic   rocks  a lso  exis ts  

. eas t  of Granite Fiountain, north of the  Hardscrabble  Valley  area. 

I f   t h e s e   r o c k s   a r e   p a r t ~ o f  a continuous  zone  of a l t e r a t ion   and '  . 

minera l iza t ion   under   the   in te rvening   a l luv ia l   cover ,   the   be l t  of 

silicated  sediments  could  extend  for some 2-1/2 miles  northward 

from the  Vindicator  area.  
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Suggested  Areas  for  Additional  Prospecting 

Hardscrabble  Valley.   Excellent  potential   exists  for  the  dis-  

covery of new orebodies  in  the  Hardscrabble  Valley  area.  The 

presence of high-grade  zinc-lead-copper  mineralization in  the  Vindi- 

ca to r  Mine i s  mple. indicat ion  that   the   condi t ions  for   the  formatiou 

of ore   deposi ts  were present i n  the  area.   Dri l l ing by ASARCO and the 

New Jersey  Zinc Company has  indicated  approximately 25,000-35,000 

tons of material  grading. 8 t o  10 percent combined zinc,  copper and 

lead.   This   mineral izat ion  occurs   a long  the  Vindicator   faul t ,   in  

Madera(?)  limestones,  about 500 feet   south of the  Vindicator . .shaf t .  

High-grade mineralization i s  a l so  known t o  occur  in  the  Vindicator 

i t s e l f ,  where approximately 5,700 tons of  ore  containing  about 25 

percent of the  combined metals was produced  (Loughlin and Koschmann., 

1942, p. 161) .  . The ore  occurs i n  the  southern p a r t  of t h e  mine 

workings.   Significantly,   the ground below the  mine workings and 

between the  mine and the  mineral izat ion  fur ther   south  bas   not   been 

explored. The area  includes the poss ib le   in te rsec t ion  of the  ~ ~ . 

Vindicator   faul t   wi th  an inferred  transverse  fault   approximately 300 

fee t   south  of the  Vindicator   shaf t ,  which should  be  an  especially 

favorable  area  for  exploration. 

, 

The area  of   possibly  greatest   potent ia l   for   the development  of 

subs t an t i a l  amounts o f  m i n e r a l i z a t i o n   i n   t h e   e n t i r e   d i s t r i c t  i s  in 

t h e   b e l t  of moderately to   in tense ly   s i l i ca ted   l imes tones  and silt- 

stones  that  extends  northward from the  Vindicator mine area.  The 

d i s t r ibu t ion  of the  skarn and associated minor su l f ide   minera l iza t ion  

indicates   that   the   mineral izat ion  could  be  re la ted  to  one o r  more 

intrusive  bodies  located  at   moderate  depths along t h e  Waldo and/or 



‘zone known t o   b e   a t   l e a s t  300 f e e t  wide. Lesser,   scattered  copper 

mineralization can  be  found i n   a l t e r e d  monzonite a t   l e a s t  1,000 f e e t  

nor th  and 2,000 feet   south of the  mine. Chalcopyri te   and  rare   borni te  

occur  with  pyrite,   pyrrhotite,   galena and sha le r i t e   i n   qua r t z . and  

carbonate  veins and veinlets   in   monzoni t ic   rock  that   has   been  a l tered 

to”a  mixture of chlor i te ,   ser ic i te ,   serpent ine,   quar tz   and.carbonate .  

Some possible   . secondary  .b iot i te  and orthoclase may be  .present  in 

veinlets   or   as . loca1  replacements  of ear l ier   minerals .  The mineralized 

zone  appears  to.extend westward  under the  alluvium  for Sn unknown 

d i s t ance .   S t ruc tu res -on   t he . eas t   s ide  of the  zone appear . to   d ip  

consis tent ly   touard. the.&,   while   those on the   wes t   s ide   d ip  

generally  -,.implying  that  the  zone of favorable  breakage may 

. widen with  depth. 

The mineralization at  the  Azuri te  is t y p i c a l  of tha t . found  in  

1 ,  porphyry  copper”-type  deposits. A channel  sample  cut’ i n   t h e   w a l l s  

of t h e  main d r i f t   i n   t h e  mine averaged  approximately 0.25 percent 
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* copper  over a length of 250 f e e t .  The zone, of mineralization is 

v i r tua l ly   un tes ted   to   depth  and in  the  adjoining  alluvium-covered 

areas.  

Exp lo ra t ion   Poss ib i l i t i e s   i n   t he  South End of t h e   D i s t r i c t .  The 

southern end of t he   Ke l ly   d i s t r i c t  remains relatively  unexplored, 

desp i te  numerous indicat ions  that   s ignif icant   mineral izat ion may b e  

present.  The zone of g r e a t e s t   p o t e n t i a l   i s ' n e c e s s a r i l y   r e s t r i c t e d  

to   t he   a r eas  of Nadera  Limestone  outcrop  south and west of the  

Linchburg Mine ( p l a t e   1 ) .  Ground west  of t h e   l i n e  of exposures of 

M i s t l e t o e   l a t i t e  i s  unfavorable  because  faulting  has  dropped  the 

hos t   l imes tones   too   deeply   for   p rac t ica l   explora t ion   a t   th i s  time. 

Ground eas t  of the Grand.Ledge f a u l t  and north of the  Unity fault 

appears  to  have  been  unfavorable  for  the  formation of  pyrometaso- 

matic  mineral  deposits,  perhaps  because  the  Kelly  Limestone was not 

buried as deeply as i t  was t o   t h e  west  .at  the.  time of mineral izat ion.  

Several   areas  are  worthy  of  detailed  scrutiny in th i s   southern  

p a r t  of the '   d is t r ic t ,   including  the  area  west  of the  Linchburg mine, 

t h e  margin of the  concealed  Linchburg  stock, and the  Kelly and  Madera 

Limestone  near  North  Baldy  Peak. 

Linchburg Mine Area. Over four hundred  thousand  tons.of 

high-grade (+13% combined) zinc-lead-copper  ore  has  been  mined  from 

a pyrometasomatic  deposit  along  the Young America-Grand Ledge-faul t  

zone. As the  mine has  been worked almost  wholly by l e s sees  who w e r e  

f o r c e d   t o   s h i p   o r e ' d i r e c t l y   t o  a mill a t  Hanover, New Mexico, only 

the  higher-grade  material  was mined. Substant ia l  amounts of low to  

medium-grade (5% t o  7% combined zinc-lead-copper) i s  thought   to   be 

readi ly   accessible  ?in the  mine. Also,  l i t t l e   sys t ema t i c   exp lo ra t ion  
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was done to   t es t   for   minera l iza t ion   in   Kel ly  Limestone i n   t h e  

down-faulted  blocks west of the  mine workings. The in tens i ty   o f   the  

mineralization i n  the  mine is a good indicar ion  that   the   Kel ly  may 

be  mineralized  wherever i t  was cut by pre-mineral   faul ts   in   the  area.  

The character  of t h e  Linchburg, stock  has  never  been  determined 

s ince  i ts  discovery.near ly  30 years ago.  Four shallow.holes  were 

dr i l led   south  and west  of  the  south end of  the  Linchburg  workings i n  

an  attempt t o  determine  the  extent of t h i s  body. All four   holes  

penetrated  the  sparsely  mineralized  equigranular  monzonite,  but  the 

southern and western  contacts were never  delineated. The Kelly 

Limestone  around  the  periphery of t h i s   i n t r u s i v e  body should'be  an 

excel lent   prospect ing  target ,   as   the  contact  would provide a good 

channelway t o  the  Kel ly   for  any mineral iz ing  f luids .  

North  Baldy  Area.  Zinc-iead  mineralization  in  hedenburgite-gar- 

net  skarn  replacing  the  Kelly Limestone on the  southern  f lank  of 

North Baldy Peak indicates   another   possible   center   of   mineral izat ion 

s imi la r  t o  t h a t   a t   t h e  Linchburg. Si l icate   minerals   have  replaced 

the  upper  part  of the  Kelly  Limestone  adjacent  to  white  rhyolite 

d ikes   in   th i s   a rea   ( see  f i g s .  15 and 16). A small  outcrop  of similar. 

mineralization i s  a l s o  t o . b e  found adjacent   to   the west t rending 

l a t i t e   d ike   a long   t he  North  Fork Canyon f a u l t  zone. A recent  

wagon-drilling  project  has  indicated  approximately 50,000 . tons of 

material   grading 5 percent combined zinc and lead is  presept and 

is  confined  to a th in  zone i n   t h e  upper Kelly. The northern and 

western limits of the  mineralization were not  defined..  More.recent 

c o r e   d r i l l i n g  on the  western and southern  flanks of the  peak was 
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aimed at   exploring  the  Kelly  Limestone  along  the  major  fault  zones 

i n  hopes  of  discovering more substantial   mineralization.  This 

dr i l l ing   resu l ted   in   the   d i scovery  of a monzonitic  intrusive body 

t h a t  had  penetrated  the  Paleozoic  section under t h e  peak to   an  

a l t i t u d e  of approximately 9,100 feet. The body appears t o  be  in  

p a r t  an in t rus ive   b recc ia  composed of fragments  of  foliated 

Precambrian  greenstone o r  a r g i l l i t e   i n  a f ine-grained  intrusive 

matrix. A l l  rocks  appear t o  be   i n t ense ly   a l t e r ed   t o   s e r i c i t e ,  

c h l o r i t e  and serpentine  with some 'possible  secondary  potash  feldspar 

. and  quartz  flooding and ve in l e t  development. P y r i t e  and chalcopy- 

r i te   are   sparsely  disseminated  in   the  rock and several  narrow, 

strong  lead-zinc  veins  cut  the mass. The monzonitic mass had stoped 

out  the  Kelly  Limestone  along  the  western  side of t h e  peak and the 

Ssindia sha les  had loca l ly  been s t rongly   a l te red   to  a ta lc -ch lor i te  

mass i n   t h r e e  of the  four  holes.  Approximately 10 feet  of.low-grade 

zinc-lead  mineralization was c u t   i n  a ho le   d r i l l ed  on the  south 

f lank  of   the pe2k. The mineralization was i n  a ch lo r i t i zed  heden- . 

berg i t e (? )   ska rn   i n   t he  upper pa r t  of  the  Kelly  Limestone. Below 

t h i s  was s i l i c i f i e d  and recrystall ized  l imestone  containing minor 

mineralization which was in   contact   wi th   the  intrusive.  

The exploration program d i d  not   ful ly   evaluate   the  mineral izat ion 

' in  the  North Baldy area,   but  has  indicated  that  good p o t e n t i a l - e x i s t s  

for   the  discovery of subs t an t i a l  amounts of pyrometasomatic  ores 

. in  the  Kelly  around  the margin of the.monzoni t ic   intrusive and t o  

the  north  along  the  North Baldy f a u l t .  . Should l a t e r   exp lo ra t ion  

effor ts   f ind  ore   in   these  areas ,   a t tent ion.should  be  directed  towards 

the  Kelly and Xadera limestones on the  western  (downfaulted)  side 
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of  'the  North  Baldy f a u l t .  The excel lent   s t ructural   preparat ion  and 

abundant s i l i c i f i c a t i o n  and .low-grade mineralization  along  the  fault  

zone  bodes  well..for  the  discovery of mineral izat ion  a t   depth.  

The presence of strong,  north-trending  quartz  veins  containing 

lead ,   z inc  and copper  cutting  the  cauldron f i l l   f a c i e s  of  the  Hell 's  

Mesa Formation  west  of  North Baldy Peak ( f ig .  1 7 )  i nd ica t e s   t ha t  

conditions may be  favorable  for  the  discovery of replacement 

depos i t s   i n   t he  Ke l ly  or  Madera limestones  along  the  North Fork 

Canyon f a u l t .  The monzonitic  intrusion  discovered  recently  under 

North  Baldy Peak appears  to  be  controlled by the margin f a u l t s  of 

the  North Baldy Cauldron and may extend  westward  along the   r i ng  

f a u l t .  Deep exploration may be  required,  but  the  rewards  could  be 

subs t an t i a l .  
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