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INTRODUCTION AND ACKNOWLEDGMENTS 

The  Apache  Wills-Sierra  Rica  distrlct  was  first  proposed  as 

an area  ror  thesis  study  by  Dr.  William  Wolser  then of Cornell 

University.  After'a  visit  there In 1949, Dr. Holser  auggested 

that  the  geology and ore  deposits .of the  two  smell  groups of 

ranges  would  constitute a compact  unit  for a thesis  If  special 

emphasis  were  placed  on  the  contact  metamorphic  relations ex- 

pressed In  the  viclnlty of the  Apache  mine. In view of the  in- 

tensive  consideration  that  has o f  late  been  given to the  relation 

between  contact  metamorphism and ore  depostition,  the  careful  in- 

vestigation of such  relations  in  this  concrete  example  eeemed 

amply  merited.  Subsequently  through  the  efforts of Dr. Chas.  H. 

Behre,  Jr.,  funds for the  field work were  acquired  from  the  Ore 

Oeneals  Laboratory o f  Columbia  university  and from the  New  Mexico 

Bureau of Hines and Mneral Resources  under  the  directorship of 

Dr. Eugene Callamn. A total o f  approximately  five  months,  repre- 

senting  parts of three  fleld  seasons,  were  spent  in  the  fleld,  one 

month  in  the summer of 1952,  three  months  in  the  summer of 1953, 

and one  month  in  the  spring of 1954, 
. .  

Aerial  photographic  contaot  prints  from  the  UniteB  States 

Sol1  and  Conservation  Service  were  used as base mapca. These  were 

on  the  scale of four inches  to  the  mile (1:15,84O). The  geology 

was  transcribed  to a planimetrla map of the  Hachita &nd Victorio 

quadrangles  enlarged  to a scale of 1:24,000. As the  quadrangles 

were  not  completely  surveyed by the  General Land Office  at  the 

time  of  their  original  publication  in  1918,  additional  section 
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linea  were  drawn  in,  using  the  appropriate  county  highway  maps 

as dl guide. 

The  area  under  discussion  include8  the  Apache  Hills  and  the 

northern  part  of  the  Sierra  Rica,  The  remainder  of  the  Sierra 

Rica was not  mapped  a8  it 1s currently  under  study by Robert A. 

ZeLler of the M@w Mexico  Bureau of Mnes who is investigating 

the  Big  Hatchet  quadrangle,  the  northeastern  part  of  which  in- 

cludes a portion of the Sierra Rica. 

All  the  mine naps and  diagrams  were  made  by  the  pace  and 

compass  method  using  measured  base  lines  where  possible. 

The  author  wishes  to  express. hi8  sincere  appreciation  to 

Dr. Holser,  who  first  auggested  the  thesis  problem, and to 

Dr. Callaghan whd secured  the  necessary  funds, and especially  to 

Dr. Behre  without  whose  generous  aid  and  advice  this  work  would 
not haver been  possible. Thanks are  also  here  expressed  to  the 

many  people  whose  interest  and  cooperation  greatly  aided  the 

field  work ana writing  of  this  thesis;  these  include  David  Miller 

and  Allen hlper of Columbia UnAveraity,  field  assistants  during 

the sumers of X952 and 1953; Benito Palomrez, of  Hachita,  field 

assistant  in  the  spring of 1954; Fred W. Snyder,  of  nachita,  who 

was a constant;  source  of  valuable  historical and geological  in- 

formation; R.N. Hunt of the  United  States  Smelting  Refining  and 

Mining  Company,  Salt  Lake  City,  who  generously  provided assays 

and  claim  maps of the  Apaahe  Mine;  Jo8eph  Deckert,  of  Deming,  who 

aupplied  assays  and  reports  of  the  International  and  Luna Mnes; 

and Robert A, Zeller  who  aided In interpreting  the  paleontology. 

Appreciation i a  al8o extended  to  the  people o f  Hachita who glade 

the.stay there  a  moat  pleasant  one. 
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PmVIOIfS WORK 

Little  geologic  work,  other  than  that  of a reconnaissance 
nature has been  carried on in  the two districts,  Previous  re- 

ports  which  provided  the  prinaipal  background  information  in- 

clude  several  papers  by  Waldemar  Lindgren,  et all who  deecribed 

briefly  the  various  mines  and  prospects of  the  two  ranges; that 

of N. H. Darton2 on *he  geology of' Luna CounW, which  includes 

some  cursory  information on the  ApFche  Hills  which  he  regarded 

ae part of the  Sierra  Rica  but  which is Feally  physiographlcally 

and  geologically  part  of  the  Apache  Hills;  the  geologic map 

of the  state by Darton3  which  represents  a  very  generalized 

geologic  study of the  region$  and  the  report by S. @. Lasky4  on 

the  Little  Hatchet  Mountains -.the northward-trending  range  sep- 

arated  from  the  Apadhe  Hills  and  Szerra  Rica  by  the  large  playa 

of Hachita  Valley - which  includes  some  pertinent  comments  about 
the  geology of the  thesis  area. A complete  listing of refer- 

ences  is  given at the  end  of  the  paper. 

lf,indgren,  Waldemar,  Oratan) LC., cfordon, c.H,, et a1 (lglo), 

ZDarton, N.X. (1916) e ffeology and under  ound  water of Luna 

3Darton, N.H. (l928), ffeologic map of Hew Hexico, US. ffeol. 

liLasky, 3.0, (1947)  Geology  and  ore  deposits of the  Little 

The  ore  deposits of New MescLco, U.S. Geol,  Survey  Prof Pslper 68, 

Countye New  Mexico, U.9. cfeol . Survey Bull. 8%. 

Survey e 

Hatchet  Mountains, U.S. ffeol. Survey Prof. Paper 208, 
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GEOGRAPHY 

LOCATION AND ACCESSIBILITY 

The  Apache  Hills and Sierra  Rica  are a low  group of mountains 

in the  southwest  part of New  Mexico,  just  northwest  of  the  notch 

in the  United  States-Mexican  boundary  (Figure 1). These  ranges 

lie  mostly  in  Hidalgo  County,  but  the  northern  part of the  Apache 

Hills I s  in  Grant  County  and  their  extreme  eastern  section is In 

Luna  County.  Both  rangeis  extend  southeastward for uome  dietance 

into  the  state of Chihuahua,  Mexico.  The  Apache  Hills,  the  north- 

ernmost of the  two  groups 02 hills, is five  miles  south to south- 

east of Hachita,  a  station on the  Southern  Pacific  Railroad. 

The  town of Hachita,  whi.ch  has a population of 250 (1950 

oensus) is at  the  intersection  of  two  state  highways.  State High- 

way 81, a paved  secondary  road,  extends  northward  for 19 miles kr, 

a  junction  with  p8vea.U.S.  Highway 80 at a point 25 miles  from 

Lordrrburg and 35 miles  from Peming. Southward  the  route  extends 

45 miles to Antslope  wells  on  the  internationa1  border.  state 
Highway 9, a graded  gravel road, parrses through  Hachita  following 

the  railroad  weatward from Columbus 'co a junction  with U.SI Hlgh- 

way 80 near  Rodeo, a mile from the  Arizona-New  Uexico  line. 

Several  ungraded  roads  branch off from  the  two  etate  highways 

' and  penetrate  different  parts of the  two  ranges,  These  roads, and 

all  recognizable  trails  are  indicated  on  the  areal  geologic  map. 

sone  roads  shown  on  the  Hachfta  quadrangle, as mapped in  1918,  are 

no  longer  present,  for  arroyo8  have  followed  the  incipient  lines 

of drainage  furnished  by  the  old  ruts  and  have  completely  obliter- 

ated  them.  Both  ranges  &re  accesafble  by  automobile,  although 
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many or the  roads  such as that  along  the  international  boundary 

are  pdtssable  with  difficulty. 

ECONOMY 

The  small  population of Hachita  la  principally  supported  by 

work  on the railroad,  but In 1954 the  town  also porasessed a 

general  etore,  post  office,  garage, and cafe,  The  chief  activity 

in the  area I s  cattle  ~erising for which  Hachlta  serves as a 

ehipping  point,  Within  the  last  few  years,  farming  haa  gained a 
foothold,  cotton  and  hay  being  the w i n  crops. 

Hining haer been  aporadic,  Most of the  mines  have  been  moder- 

ate  to  small  operatione,  The lasC alning waa at  the  Hornet  mine 

In the  Little  Hatchet lrlountains; thls  ended  ita  three  year  opera- 

tions in 1953. The  last  larger  mining  activity  in  the  Apache 

Hills  was  at  the  Apache  mine;  this  was  worked for one  year  during 

the  last  war. Ore Prom sll  the  mines in the  area is shipped  to 

the  International  Smelter  at  El  Paso. 

Hope  for an economic  resurgence of the  area  has  been  gener- 

ated by  the  recent  intensive  Interest; of both  mining ernd oil  in- 

tereste.  Qeophysical  prospecting ha# been  carried  on by at  least 

two  petroleum  companies and it  haa  bean  Peported  that a sizeable 

acreage  has  been  leased. In 1954, an unsuccessful  wildcat  well 

waei drilled  to a depth of 200 feet  on  a  small  Hississippian boll 

in  Hachlta  Valley  one  mlle  east of the  Hatchet  Ranch, 

Cheap  power for both  mZning and oil  operations is readily 

available in Hachlta as the town is aonnected  with  the  local 

power  linea  of  the  Rural  Electrification  Administration. A 

further  power  source  available i s  natural  gas  from  the  line of 
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the El Paso  Natural Gas Company  twelve  miles  north of Hachita. 

OLlMATE, FLORA, AIJL) FAUNA 

The  weather is olear  and dry and  outdoor  work  can  be  carried 

on through  most of the y e w  without greai discomforpt. A Weather 

Bureau  station has been  in  operation  in  HachiCa  since  1909. Ac- 

cording to ita  records1  the  annual  precipitation  for  1953  was 

8.34 inchcs.  The  average  annual  precipitation is about 10 inches, 

Approximately  half of the  annual  total of rain  falls  during July 

and August in the  form  of thunderstorm of a  torrential  nature 

which  occur  in  the  late  afternoon or evening,  April, myI and 

June  are  the  driest  non%ha  and  the  rainy  season  invariably  begins 

abruptly in July.  The  average  annual  temperature is about 60.P. 

However,  temperatures  above 100.F are  common during the  summer 

afternoons,  though  the  temperature  falx8  rapidly to about 65.F 

toward  evening.  The  average  winter  temperature  is  .about 40'P, 

though  ahort  periods of sera temperature  are  not  Uncommon. 
Storms  are  remarkably  local.  The  more  mountainous  sections 

generally  receive  Par  more  precipitation  than  the  valley  arean. 

Similarly,  the  temperature is several  degrees  cooler  in  the  hilly 

areas. 

The Apache  Hills  and  Sierra  Rica  are  geographically  a  part 

of the Sonomn desert, a  semi-desert  region  which  embraaes  north- 

ern  Mexico,  aouthern Ari80na. and  New  Mexico.  Numerous  varieties 

of the  common  desert  plants,  such as cactuses,  yuocas,  mesquite, 

and  the lilke, are  abundarnt In  the  valley  area  surrounding  the 

~u.s. Weather  Bureau  (1953), alimtologicax Data, New Mexico, 
Annual Sumwry. 
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ranges a8 well as on the  bare and rocw slopes. mere le no 

timber  except  for  occasional  scrub oak, cedar,  and  Juniper  trees, 

and  the  even  rarer  cottonwood  trees  which  are  found  only  near a 

source  of  water. The country was chiefly  used  for  grazing and 

up to the  recent  drought  and  concurrent  deoline  in  beef  prices  it 

supported  large  herds of cattle. 

The  fauna  includes  species  common  to  the  southwest  desert, 

notably  rattlesnake8  and  other  reptiles,  rabbits,  deer,  peccarie8, 

bPdger6,  and  coyotee. A herd of about  100.protected  Mexican  big 

horn  sheep  grazes i n  the  Big  Hatchet  Mountains. 

PHYSIOQRAPHY 

Thia area of the  state  lies  within  the  Mexican  Highland  sec- 

tion of the  Basin and Range  Province, a physlographic  dlviarion 

characterized by isolated  mountain  ranges  trending  approximately 

north-south  and  separated by nearly  level  basins of interior 

drainage  that  have  been  filled  with  detritus  derived  from  the 

surrounding  hills, me Apache  Hllla  and  Slerra  Rica,  though 
having a trend  considerably  more  eastward,  than is usual  for  the 

province,  nevertheleaa  conform  to  the  general  pattern as they  are 

characterized  by a straight  base  along  the  northeast  and  south- 

east flank of the  hilla and by  the  presence of a recently dia- 

sected  pediment  between  each  range and adjacent  lowlands. The 

Interior  drainage of this  physiographic  province I s  aonfirmed In 

thle  area by the  alkali  arusts  found  in  numerous  places  In  the 

playas. 
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Topographically, Apache Valley,  located between the Apache 

Hills and Sierra R i a ,  can be regarded as a playa. Nevertheless 

i t  I s  not entirely a n  area of in te r ior  drainage, for water from 

th i s  valley  ultimately  enters  Hachita  Valley mostly by  way of 

Doyle Creek which has cut  through-the  divlde separatting the two. 

Similarly, the valley between the two range?@ ha8 not been devel- 

oped Into a pedlwnt  surface  although there is a deflnite  general 

and gradual slope of about 3' toward the center of the valley from 

both ranges. Nwaeroua low rounded h i l l s  occur I n  the val ley  for  

insufficient klme has elapeed  since the subaequent fault ing of 

the range t o  permit the leveling of such hills t o  the general aur- 

face of the surrounding pediment. However, the outer margins  of 

the ranges facing  Hschlta Valley reflect   well  developed and dis- 

sected pediment, surfaces  not conspicuous a t  close range; It be- 

come8 striklng  only when the mountains are seen from distances 

of f ive  or ten miles. 

Both the Apaohe Hills and Sierra Rioa conslst of low rounded 

h i l l s  of about 1,000 feet i n  relief. The highest point I n  the 

Apache Hills is Apache Peak, wlth an  elevation of 5,740 feet; i n  

that part of the Sierra Rlca  under discussion the highest point 

l a  Doyle Peak (5,470 feet). me loweat elevations,  approxilnately 

4,400 feet, are those i n  the centers of the pleyas. 

As the streams a r e  ephemeral they carry on their erosional 

and deposl t lonal   act ivi t ies  inmediately after a rain. During 

such times the arroyos become raging  *orrents and the amount of 

transport ana eroeion  then is phenomenal,  enormovs boulders and 

cobbles  often being lnoved hundreds of feet i n t o  the playa beyond 

the position of the mouth of the stream, Upon entering the playa, 
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theee  streams  produae  the  alluvial  Pans so characteristic of the 

province.  The  eventual  outlets of all  the  drainage  for  the  two 

ranges  are  two  valleys.  The  western  outlet is Hachita  Valley 

located  between  the  Little  Hatchet  and Big Hatchet  Mountains  on 

the  west  and  the  Apache  Hills  and  Sierra  Rica  on the east,  The 

playa to the  east  between  the  Cedar  Mountains  and  the  Apache 

HI~XS, the  Mlmbres mainage asin of Schwennesenl,  receives  the 

east~rn part of the  dircharge. 

WATER SUPPbY 

All  doasstic  water  used  in  .the  Apache  Hills  and  Sierra  Rica 

is obtained  from  welle.  Water  for  livestock is obtained  either 

from  wells or from atock  ponds  made by damming  arroyos.  The  wells 

include  thoee at; the  Patilkner,  Donaldson,  and  Hatchet  Ranches,  au 

well  as  the  railroad  wells  in  Kachita.  The  only  analyses of the 

well  water  that  could be obtained  are  the  following: 

Analyses of water from two  railroad  wells  at  Hachits 
(parts  per  million] 

AnaSysis l2 Analysis 23 

ea 16 
ng 

29 
2.6 

Ma and K 189 128 
C03 and RCO3 146 X42 

5.2 

904 145 206 
01 44 29 

'Schwennesen, A.T. (1918), Qroundwater in the Anima, Playas , 
Hachita,  and  San LUIE &sins,  New Mexico, U.9 .  Qeol,  survey  Water 
Supply  Paper 422, p. 10. 

ZLasky, op  cit, p. 11. 

3Schwenneesn, op cit, p. 143. 
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The railroad well a t  liachita serves as domestic water for 

the town, It is some 800 feet deep and cu ts  four waterbearing 

horisons. A test of the well produced 100 gallQn8 per minute 

during 42 hours of continued pumping. me water is conaidered 

fair for doarestia use, poor f o r  use i n  bailers, and good fo r  

1rrigation.l  Like v i r t u a l l y  every other well i n  Hachita Valley, 

it contains 1.8 to 2 parta  f luorine per million.2 

In  the few wells, 8canty.though the aata are, the water 

level  appears  to be relat ively shallow,  although extreme vari- 

ations were noted, The well a t  the Paulkner Ranch is 100 feet 

deep, with water a t  40 feet. The Robin well goes 80 feat to 

water. The Chapa well. (the former Chap0 shaft) is 180 feet deep 

but found water a t  60 fee t ,  The Last Chance well (which uses the 

ahaft  of the same  name) is 250 feet deep yet found water a t  150 

feet, The Donaldson well encountered. water at a depth of' 80 feet, 

the Doyle well a t  170 feet, These figures were obtained from the 

owners of the ranches on which the wells are located, All ut i -  

l i z e  windmills fo r  pumping. 

The data indicate that on the northarn  slopes of the Apache 

mlla the water table is moderately shallow end constant being 

a t  depths of 40 t o  100 feet. However, on the southern  @lopes, 

the water table is  more irregular. For instance,  both the old 

Apache shrft, 360 feet deep, and the newer shaft sunk i n  1936, 

500 feet deep, are dry. "hi8 is i n  aharp  contrast with the Chap0 

well only 2-1/2 miles away which carries water at 60 feet. An- 

other  unuawl  feagure is the f a c t  that the Last Chance  and  Doyle 

'Ibid, p. 143. 

2New MexLco Bureau of Mines  and Mineral  Resources  (1954), 
unpublished 8ata. 
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wells,  both of which  are  at  lower  elevation  than  the  other  wells, 

strike  water  at 150 and 170 feet  respectively,  much  lower  then 

the  ground  water  table in the  other  wells  in  which  data  are 

available.  Perhaps  the  reason  for  this  anomalous  behavior  lies 

in  the  recent  tectonic  history of the  range,  The  two  wells  last 

named  appear  to  lie in the  down-dropped  block  southwest of the 

Apache  fault In which  the  movement  may  well  have  been  of  such 

recent  origin  that  the  water  level  has  not  had  time  to  rise  to 

its  generally  prevailing  higher  level. 

LITBIC  UNITS 

ffENERAL FEATURES 

The rocks of the  area  consist  in  part of sediments,  chief- 

ly  late  Paleozoic and late  Mesozoic, and extrusive  flows  and 

tuffs of Cenozoic  age.  The  pre-Tertiary  rocks  are  largely  com- 

posed of clastics and limestones.  Their  sequence  is  difficult 

to decipher  because  of  the  large  normal  and  thrust  faulting  they 

have  suffered.  Noreover, it is not  clear  whether  various  rock 

types  represent  one  sequence  or  several  different  lithologic 

facies of two  equivalent  sequences,  since  most of the  Tertiary 

igneous  rocks  are  essentially  stratiform  flows or tuffs,  the 

following  description  presents  all  formations  in  chronologic 

aeguencse a0 nearly as this  can  be  determined. 

The  olde8t  known  rock  in  the  area  here  described  are 

Paleozoic  sediments  which  occur  in  the  Sierra  Rica  as  klippen 

overlying  the  Lower  Cretaceous  sediments.  These  klippen,  derived 

originally  from  Mexico,  contain  both  Pennsylvanian  limestones  and 

Fernian  red  beds. As in  southeastern  Arizona, no autochthonous 



Pennsylvanian o r  Permian beds arc? found here though  Pennsylvanian . '-' 

rocks.are  widespread throughout central  ~ e w  Eaexico. 

The major  sedimentary rocks of the two ranges are Lower 

Cretaceoue  limestone and c las t lcs ,  some 7,000 feet thick. The 

best eatposures occur i n  the central  and eastern sections of the 

Apache Hills, Iaolated  outcrops of Upper Cretaceous c las t ic8  

were observed i n  both ranges. 

Extensive  exposurea of intrusive and extrusive Igneous  rock8 

are common I n  the Apache Bills but are scarce i n  the Sierra Rice, 

With the exception of a few scattered  trachyte and felsite sills 

and dikes, the only  Intrusive of any note i n  the Sierra Rica is  8 

thick rhyolite sill, trending  southeast, that bisects  the range. 

The sill terminates  just  south.of the mapped area, a t  $he point 

where felsites are Indicated  (Plate  .l), '  

SeBissentaFy rocks am overlain and intruded by andesitic 

and basaltic  volcanic8 and by d ior i te  and quartz  diorite  intru- 

s i v e ~ ,  The main maas of the Apache Hll le  i s  composed of a com- 

potbite stock of monzonite and quartz monzonite which Some the 

backbone of the range and acoounts for the highest peaks. The 

quarts rslanzonlte of the stock is bordered on i t a  southern flank 

by a contact metsrnorphic aureole whlch has developed in the Lower 

Cretaceous  sediments. The major ore  deposlts of the region are 

closely related to  the intruaion of the stock. 

Intimately  associated with the stock are porphyritic rhyolitc 

dike8 and flowe, These are exposed on the southern  slopes of the 

Apache Hilla and partly adjoin  ana i n  the oa8e of the dikes par t ly  

intrude the quarCe monzonite and surrounding  sediments. 
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me lntruslve and extrusive  rocks mentloned are generally 

referred t o  the ear ly  Tertiary whereas overlylng igneous  rocks 

are assigned t o  the middle or  late. Tertiary. Str1ctly;nrJ mope 

derinlte age can be established for.theee two groups of igntoue 

rocks-than that they are all  later than the .Lower Cretaceous; 

aome of.them may be Upper Cretaceous. For these igneous  rocks, 

a system of grouping I s  used which places them i n  their general 

geologic  order rather than t o  classifg and asolgn each rock type 

t o  a apsclffc  subdivision of the Tertiary epoch, This grouplng 

l a  preferred because  evidence as eo the exact age for each  type 

Is lacking, A braad natural time and rock  division Is available, 

though too general to   a f ford  a detailed classlf icat lon,   In  that 

almost a l l  the sediaents are pre-Tertiary and all the Igneous 

rocks are preauslably Tertiary I n  age. 

On the northern flanks of the Apache Hllls, the surface 

rocks are flowa of l a t l t i c  composltlon whioh were extruded upon 

the beveled and eroded slopes of earlier lntruaives. These an 

tu rn  are succeeded by pyroclastic  rocks,  tuffs,  breccias, and 

flowm,  whlch form %he northwestern fringe of the Apache Hills. 

They can be traced northwestward acro8P) Hachita  Valley t o  the 

Coyote Hills. These lavas and pyroclastic  rocks are believed t o  

be part of the lava fields of Mexico, Arlzona, and New UeXlcO, 

the ear l lea t  representatives of which have been cloaslfled 'as 

Miocene ( T I  and the latest as Pliocene,' still leter, extrusions 

of local  quartz latlte and basalt Plows, 80 fresh as still t o  show 

#exlco, Quidebook, t h  Field Conference, New Mexico (Peol, SOC.~ 
lCollagh%n, Eu ene (1;953), Volcanic  rocks of  southwest New 

p. 143. 
i: 



characterlstlc  surface featwee, attest to the  continuity of the 

lgneounr aotlvity  through  the  Pleistocene, 

Numerous dlkes and  plugs of rhyolite  porphyry  and  accompany- 

ing  felsltes  are  younger  than  all  the  other  Igneous  rocks  wlth 

the.except1on of the  pyroclastlcs  and  latest; flows. Weak  miner- 

allzatlon I s  genetically associated with  these  late  iacldlc  ln- 

trusives. 

Table  1 summarizes the  general  stratigraphy and lithology 
of' the  region. 

PENNSYLVANSAN 

Magdalena  Formatlon 

The  formation a8 exposed In the  Sierra  Rlca Is composed  en- 

tirely OS masslve blue-$ray llmeaWne, coarsely  crystalline Bnd 

abundantly  Sosalliferous,  especially  rich  in  crlnold  stems.  Inter- 

bedded are thin  lenaes o f  breccia  containing  angular  llmestone 

friagments  half an Inch or leas In dianeter,  set In a  matrix of 

gouge.  The  lens-like  forms  are  probibly  secondary and due  to b, 

thrusting.  Chert  lenses  &re  also  prevalent  and  no  doubt  for a J L  >. 

almllar  reaaon.  These  beds can be  correlated  definitely  wlth the 

Magdalena  forauttion of southern  New  Mexico, a name  applied  to  all 

of tho! Pennsylvanian In this  part of the  state,  It may include " 

some  clastic  beds, In additson to the  predomlnsting  limestones.1 

t 

c, 

I 

The Wgdalena fomtion occurs as thrust Prheets or klfppen 

in the  western  part of the  Sierra  Rlca  overlying  the  Permian  red- 

beds,  the  Corbett  formatlon,'and  the  unexposed  Howelle  Ridge 

west  New  Mexico,,  Guidebook, 4th Field  Conference,  New  Mexico 
Geol. Soc,, p.  111. 

b10wer, R.H. (19531, Paleozoic  sedimentary  rocks of south- 
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Summary of lithologic sequence  in the Apache Hills and Sierra Rica 

iment surfaces 

ost Chance  vol uortz monzonite 

Bnnsyhronian Magdaleno formation 200; massive limestone 



17 

fomoption. Topographically, It may either form high res i s tan t  

ridge13 as In  the western Slerra Rica, or It may occur aa low 

rounded knolls, as i n  Hachita Valley and Apache Valley. .Tn the 

southeastern part of the Slerra Rlca I n  Mexico, outside the area 

here described,  resistant ridges typical of the Pennsylvanian 

klippen were likewise Sean from the air, 

The maximum thickness of the Uagdalena formation I s  at  

Doyle Peak where approximately 200 feet was measured. Comparable 

figures are not  available from the Little Hatchet Mountains, but 

It i a  believed that since the UagdBlena formation  only  occura as 

klippen  within t h i s  part o f  the state, the thlclnless varies great- ? i;; 
l y  depending upon the amount o f  the rock  involved I n  the thrust  

bloak. 

~ ~ 

. -~ ~. 

Correlation w i t h  other Pennsylvanian  formations t o  the weat 

and north I s  based on  Sauna. Fossils  noted  include  the  coral 

Chaetetes, the bryozoan Peneatella, a Productid  brachiopod, a 

Spiriferold, an8 the fusullnds  Tritlcites,  Fusulina, and H- 
kindelina. Laiaky; Identiflea the earliest fusulinds a13 

Tr l t l c i t e s  beedel and Trit lcites  secallcus.  
-. 

PERMW. 

Ab0 ( 1 )  Formation 

The amall  section o f  Permian rocks that  occurs i n  the Sierra 

R i m  can be tentatively  correlated wfCh the Ab0 fonaation 

(Wolfcareplan) of central  New Mexioo on l i thologic grounds. 

Whether th i s  correlation is valid remains t o  be seen since re- 

cent work by Zeller i n  the Big Hatchet Mountains, where a mora 
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complete  aectLon  occur6, indicate6 that the Permian there l e  

more closely relafed t o  that of southetrafern  A,rizons,l Further 

inteneive  invaatiglation is  needed +@fore the complexitlea of 

the lateral gradations of the  Pe-ien from northern t o  southern 

Haw blaxico can be completely  eolved. 

The o m  exposure of Permian red bed6 i n  this %rea is a t  the 

base of Doyle Peak where the facies  'occura as a klippe  overlying 

the Howells Ridge komaation, hem covered by alluvium, and the 

expoeed Corbett f O r m a t i O n .  The red beds arL, I n  turn  overlain 

by older Pennsylvanian  limestonee which rppresent a escond stage 

of thrusting, The section measwed a t  Doyle~Peak Zs only a 

small  part of the much thicker  Permlsn.rsection measured i n  the 

Big  Hatchet Mountains where a thiclcntlea of some 4,000 feet has 

been  reported.2 The section below can be correlated with the 

mlddlcir par t  of the Big Hatchet  3ect;ion. 

Magdalena forntation OP block above thrus t  block 

Thrust f au l t  

Top of PermIan redbeds expoaed on the  north 
slope or Doyle Pea& 

Tfiicknese Chimulative 
of  unit thicknerrs 

I Dolomite 6 feet 6 
Red sandstone, par t ia l ly  r?c.r!g$$gized. 7 I 

and shazetas, th in  beaded; sandatone b m  
are one foot  thick a t  mx2mum; rrhaler beds 
average 6 inches i n  thickness1 occarmlon- 
a l  gypaiferoua  leneea  140 

Dolomite 'E 
Red sandstone and ehale 2Q 

DOlOGnit6 1 

1p1ower, op c i t ,  p. 111. 

%eller , R .A, (5954),  Personal Communication . 

146 

148 

168 
169 



Limestone 1 

Red sandstone and shalt with llme- 
etone  Interbeds 6 inches  th%ak 9 

Interbedded red shale and beds o f  
l%Wi3+20ne and tlolam%.te one foot tMck3 
gypsif'eroua lenaeo 15 

Red and green  ahale 5 

Dolomite, tine  grained, dense, dark 
blues weatherlng  gray%&-green 2 

Blue-gray l imstone , ' f Ine  gralnecl, 
dense 9 

Alluvlum 

194 

199 

201 

220 

CI 

Total 230 feet 

la other am88 i n  the state, the boundary between the 

Parnnaylvanian and Permlan is cllff%.aulty  recognieed  because of 

similar l i thologies  and fauna# at the  aontact; for the most 

part, the rocks of the two systems aan only be distinguished on 

tha baala of rare fusulintd genera. I n  the area here described, 

however, thruating has avoided that problem for  PennsyXvanlan 

and Permian pock8 are  nowhere i n  contact In  chronaloglc  order. 

Fossils  are Pme i n  the section  described above,  only an oc- 

coelonal  brachiopod being noted i n  tho limestons,, together wlth 

numerous worm trails and borings, But  even Zlthologically, the 

Permian age of the section CM be BeflniteLJt eetarbliahed by com- 

paPlron wlth more PoselllSerous  exposwes elswtlere. 
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MWER CRETACEOUS 

Howells  Ridge mnnstion 

Qeneral  Rescription 

The  Howells  Ridge  formation I8 named from the  type  locality 

described by Lasky in the  Little  Ratchet  Mountains, m a t  sec- 

tion  and  the  one from the  Apache  n%ll8, as  well a8 an analogous 
one from the Big Hatchet  Mountains, are  all  similar  in  lithologg 

and  thlckneras,  with  only  minor  variations. 

The  Howells  Ridge  formation  occurs  in  both the. Sierra  Rlca 

and  Apache  Hills, In the  latker,  the  exposure is just  east  and 

west of the  International  mine,  Here, all of the  formation, 

except  the  youngest  member  can  be raeen. Part8 of the  formation, 

particularly  the  upper  linestone  units,  also  crop  out as fault 

blocks  between  the  Chap0  mine  and  the  International  mlne.  Simi- 

larly, a  fairXy  complete  section la exposed  at  and  aouthweat of 

the  Occidental mines. In  both  ranges,  one of" the  uppermost 

membern# a massive, fina grained  blue  limestone, is commonly  a 
alifi  builder  and  tend8 to form a dip slope  on  the  back  side of 

%he  ridge  (Fsgure 2). Topographically,  the  higher  hills  are 

underlain by llmestone  while  the  lower  areas  are  underlain by 

the less resistant  red  sandstone an8 shale, 

mi8 formatiion is the  oldest  Cretaceoura  formation In the 

area. Xt is believed  to  overlie  Permian  red  beds  Chough no 

such  aontact hae been  seen in the  Apache! Hills or the  surround- 

ing areas. The  Howell8  Ridge  formation is probably  not  under- 

lain  by  Triassic or Juraaaic  rocks  since  no  trace of Trlasalc 

or Jurassic  sediments is known in this  area or within this 
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corner of the state or i n  adjacent parts of northern Mexico. 

The sharp demarcation between the predominant limestone below 

and the first thick quartzi t ia  bed of the overlying Corbett 

formation was chosen as the upper limit of the Hone318 Ridge 

formation. 

Subdivisions 

For purposes of s t ructural  ~ . .  . emphasis, the formation has been 

subdivided in to   f ive   d i f fe ren t   un i t s  or members, each of varying 

thicknees. The lowest member, dominantly clastio,  consists 

primarily of red and green shale, s i l t s tone  and sandstone with 

occasional limestone conglomerate lenses and red limestone. A 

striking  Seature of t h i s  member is the abrupt intertonguing of 

beds through a short lateral distance (Plate 11). This uni t  is 

here termed the Red Beds member. The next  oldest unit, the 

Ogster Limestone member, is composed of dense f i n e   t o  medium 

grained crystal l ine blue-gray  limestone,  including some coquina- 

l ike beds consisting  almost  entirely or oysters. The middle 

memder includes  thick to  thin beds of dense blue  limestone  char- 

acterized by numerous Orbitolinaq and less prevalent echinoids. 

This bed is termed the Orbitolina Limetone member. The next 

youngest unit, here called the Rudistid Limestone member, is the 

massive cliff-building  limestone  referred t o  above, which con- 

ta ins  abundant rudis t id  fossils. The youngeet member consists 

chief ly  of interbedded limestone and sandstone with less common 

interbeds of shale and conglomerate. It i s  here designated the 

Limsstone-Sandstone member to stress its chief characteristio. 

. 
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This member has been thermally metamosphosed i n  a s t r ik ing  

manner along the southern  slopes of the  Apache Hill8 west of 

the Chap0 mine area. 

Generally sills and dikes o f  various igneoua rocks  cut 

th i s  formation,  but in  the section measured they happen t o  be 

rare. Trachyte, lamprophyre, and f e l s i t e  are common i n  a l l  

members, whereas d io r i t e  is conflned t o  the baee of the Rudietid 

Limestone and quartz   dior i te   to  the youngeet member of the 

Howell Ridge formation. 

Detailed Succession 

Section from Border Post No. 38 northwest* 

Alluvium 

Top of Seotion of Limestone-Sandstone member 

Thlcknesa Cumulative 
o f  unit . thickness 

Limestone conglomerate 2 feet 2 

Interbedded variegated orthoquartzite and 
gSeen_s.+le. Thickness  includes two trachyte 

Trachyte a i l 1  5 146 

Gray and red orthoquartzite with trachyte 

Variegated orthoquartzite 146 

c,'sills totalling approximately 10 feet 139 141 \ __." ~ . . .-. ... . I . . ~  , . .  . . .. . . .. . 

Si l l8  45 191 

_-- 337 

..Andesite .. sill .~ ~ ,' 18 355 

Medium grained variegated aandatone 47 402 
I".. .. 

+Base of section started at Border  Post No. 39 and continued 
northwest t o  a point 250 feet west. of the Ford Prospect. 
Measurement of the Orbitolina and Rudietid Limestone members 
commenced at the stream bed north of Border Post No. 39 and 
continued  north-northeast t o  the  top of the massive limestone. 
The measurement of the youn est unit  started a t  SW.1/4, SE.1/4, 
SE.1/4, seotion 1, T.29S., ff.14W.  and continued i n  a general 
S.6OoE. direct ion  unt i l  concealed by alluvium. 



Red and  brown orthoquartzite with interbedded 
thin  blue  limestone  lenses 

Coarse grained  reddish-gray  arenaceous and 
foseiliiarous  limestone 

Reddish-brown sandstone,  coarse and g r i t t y  

Blue  limestone 

Interbedded  limestone and sandstone 

Red, gr i t ty ,  coarse  grained  sandstone 

Gray argillaceous  sandstone 

Red t o  brown coarse  grained  sandetone 

. f i ne   t o  medium grained,  thin bedded 
Gray argillaceous  sandstone and pure sandstones 

Blue limestone ", 
,.. 'Andesite sill 
"_,. _ _  . . ' ' 

Interbedded  limestones and argillaceous aandstone 

Blue limestone,  thin bedded 

Red to  brown medium grained  eandstone 

Blue limestone,  thin bedded 

Greenish-gray s i l t s tone  

beds 6 inchea  thick 
Interbedded  blue  limestone and green shale i n  

Blue  limestone, fine  grained and dense,  th2n 
bedded with average  thickness of 1 t o  2 feet 

Total Limestone-Sandstone member 

37 

2 

8 

48 

16 

28 

19 

12 

25 

24 

32 

35 

19 

35 

41 

13 

12 

29 
837 

23 

439 

441 

449 

497 

513 

541 

560 

572 

-~ 597 

621 

653 

688 

707 

742 

783 

796 

808 

837 

Basic sill 

Ruditltid Limestone member 

Blue massive limestone,  fine  grained or dense,  about 
45 feet thick, a prominent cliff-building unit, ex- 
treraely fossil iferous,  with abundant  Touaasia and 

section 35 T.28S., R.14W. and a t  
measurements of $his member a t  

2, l!.29S., R.l4W., reveal a 

spectively) 
thiakneas o f  approxima$ely 250 and  350 feet re- 

45 
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Orbitolina  Llmstone member 

Blue-$ray limestone,  dense and fine  grained; 
individual beds vary in  thickness from one to 
f i v e  feet, becoming- thicker toward the top, 
r ich  in   Orbi tol ina.  

. ~~~ .. 

~ 873 

aster  Limestone member 
Thickness Cumulative 
of unit thlckness 

Alluvium above bed rock,  introducing un- 
cer ta in t ies  as t o  maximum thickness 

Interbedded  ehale and s i l t s tone  

Oyster-rich  limestone,  each bed 4 feet thick 

Blue, f i n e  grained  limestone,  Soeslliferous 

Oyster-rich limestone with Bxo a up t o  6 
inches i n  length; beds vary "B3LEz from feet t o  
8 feet thick 

Oyster-rich  limestone with green  shale 
interbeds 

Blue limeatone, fine  grained 

Oyster-rich  limestone with Pecten 

Blue,  aense  argillaceous  limestone 

Blue limestone!, Sine  grained 

Interbedded gray shale and fine  grained 
limestone 

Interbedded f ine ly  and cosrraely granular 
l imstone  

Calcareous gray  sandstone 

Red, coarse  grained  limestone 

Blue, coarse  grained  arenaceous  limestone 

Gray orthoquartzite 

Oyster-rich  limeetone 

Blue limestone, medium to   f i ne  grained, 
arenaceous in   par t ,   fossi l l ferous 

Arenaceous limestone 

20 

16 

14 

59 

20 

36 

8 
10 

17 

33 

43 

7 
5 

5 

100 

5 

47 

10 

20 

36 

50 

109 

129 

365 

173 

183 

200 

233 

276 

283 

288 

293 

393 

398 

445 

455 



Interbedded  coarse and fine  grained  limestone 

green shale and calaareous shale 
Interbedded fine grained b l w  limestone, and 

Coarse grained  blue  limestone i n  occasional 
outcrops 

Coareely granular  caloareous eandetone 

Interbedded  coarse and f ine  grainetl  blue 
limestone 

Blue, coarse  grained  limestone with arenaceous 
lenees 

Oyster-r3ch  limestone 

Blue, coarse grained  limestone 

Oray, coarse  weined a1?enaceous limestone 

bedded blue  limestone 3 to  5 feet thick with 
Interbedded fine and aoarse  grained  thin 

nrenaceous layers and thin  t rachyte   a i l fs  

Red, fine  grained  erenaceous  limestone 

Blue, th in  bedded, ooarae greined limeatone 
with sandy layers 2 t o  3 feet   th ick 

International  fault  

45 

35 

500 

2 

77 

10 

6 

10 

a 

70 
2 

27 

25 

500 

535 

1,035 

1,037 

1,114 

1,124 

1 130 

1,140 

1 , 148 

1,218 

1,220 

3. , 247 

__3_ 

Total Oyster Limestone member 1,247 feet 

Red Beds member 

Alluvium 

Thiakneae Cumulative 
of unit  thickness 

Red argillaceous sandetone 15 15 

Conglomerate composed of l imstone  pebbles 
i n  e aandy matrix 3 18 

Red and gray, thin bedded, shale and sift- 
stone 117 135 

Red s i l t s tone  6 141 



Red, f t n e  grained Urneatone 

Red shale,   thin bedded 

Red orthoquartzite 

Interbedded red shale, aandatone, and llmestone 
conglomerate lenses 

Concealed 

Red and buff senastone and shale 

Red and gray  sandstone, i n  part quartzi t ic  

Red and gray variegated ahale and s i l t s tone  

Interbedded red ahale and thin dolomitea 

Concealed 

Limestone conglomerate consisting of limestone 
pebbles and cobbles i n  a f ine grained sandy 
matrix 

Red shale 

Reddish-brown medium grained aandstone 

medlum grained  aandatone 
fnterbedded  blue  cherty  limeatone and  brown 

Buff t o  gray,  thin bedded, coarse grained 
aandstone, in   par t   quar tx i t ic  

Interbedded thin bedded, blue, fine grained 
liItIe8tOne and brown fine grained  sandstone 

Concealed 

Buff t o  gray  ahale 

Gray sandy llmestone,  cherty and t h i n  bedded 

International boundary - 

1 ,  

3 

14 

38 

25 

23 

77 

19 

125 

39 

47 

31 

10 

44 

36 

40 

89 

245 

57 4. 

40 .+ 
- 

Total Red Beas member 1,143 + 



Paleontoloa 

The fossils  found  and  identified  by  the  author  include  the 

gastropods  Tyloatoma  and  Nerinea  and  the  ammonite  Douvilleiceras, 

all  three of which  were  noted  in  the  oldest  limestone  bed of the 

Red  Beds  member.  The  same  bed  also  oontains an unidentified 

belemnoid.  The  lower  meraber I s  for the paoat part.singularly 

devoid 6+ fossils  in  the  clastic  bedst  however,  the  limestone 

beds  do  contain  occasions1  examples of' Pecten,  Turritella,  and 

oysters. The Oyster  Limestone  member, on the  other  hand, is 

conspicuoualy  rich  in  fossils,  the  moat  striking  being  entire 

beds of oysters  which form coquina-like  strata  varying  in  thick- 

ness from 2 to 10 feet. The "oysters"  are  mostly Exogyra and 

leas  commonly  Ostrea. The  other  limestone  beds of this  member 

are ala0 fosailiferous but: they  contain a more  varied  fauna 

which  includes,  besides  oydters, the  gastropods  Turritella  and 

Tylostom and  the  pelecypods  Arctica,  Trigonla,  and  Pecten, 

The f~una of  the  middle  member  is  strikingly  different f r o m  the 

other tro in that  it  containns  abundant  specimens  of  Orbitolina 

throughout;  numerour?  echinoids  Identified  as  Hemlaster  are  con- 

fined t o  the  upper  part of the  member. An  unidentified bryozoan 

was  also  noted  in  that  part of the  sectton, as well  a5  the 

pelecypod  Arca. I__ The  cliff-forming  member is characterlzed by 

large  specimens of the  pelecypod  ToUcaaIa, a rudiatid;  asaociated 

wlth  it  are  subordinate  numbers of Orbitolina.  The  overlying 

youngest  member  contains  toward  its  base  numerous  Orbitolinas, 

which  occur  in  marked  clusters  scattered  throughoub  the  limesbone 

beds. 
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Other specimens from the same formation i n   t h e  Little 

Hatchet Mountainal include  Baudanticeras  hatchetenae  Scott, 

Trlnltoceras reesldel Scott  as well as Tarlostoma c.f. mutabills 

Qabb. The dominant fos s i l s  of the oyster beds have been Identi- 

fled as ExoeyPa quitmanensis Cragin. 
, . : I  

Corbekt  Formation 

General Description 

The Corbett  forination is named from the type loca l i ty  de- 

scribed by Lasky i n  the Mttle Hatchet Mountains, with which the 

ocourrenoes i n  the area here diecusrsed oan be dlrectly  correlated.  

K t  is analogous to the Blarten sandstone, a term ueed by Darton on ' 

h i s  geologic map of the state and In  h i s  report  on Luna County. \ 

In  the Sierra Rlca, the Corbett  formation,  occurring as a 

. .  

,7 - " 

wide band In the western part of the range, conformably overlies 

the Limestone-Sandstone member of that Howella Ridge formation. 

I n  the Apaahe Hills, the Corbett  formation is apparently missing 

elther through  non-deposition  or  subeequent  erosion.  In the 

Sierra Rica, the contact between the Howella Ridge formation end 

the Corbett  formation is obscured t o  the southwest by the in- 

trusion of a porphyritic  rhyolite sill 1,000 feet thick along 

the contact. The, contact between t h i s  sill and the Corbett 

formatlon is beyond the XLimlts of the area aovered by th i s  re- 

port. From Doyle Peak southwest, the formation is  overlain by 

Pennsylvanian  limestone and Permlan red beds which have been 

overthrust from the south or southwest. 

'Leaky,  op cit ,  p. 18. 
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Topographically,  individual beds o f  the formation produce 

prominent parallel ridges or  hogbacks  whereas the lese res i s tan t  

beds are mrked by troughs.  Lithologically, the uni t   consis ts  

of thick, mssive, well cemented orthoquartzite, wlth interbedded 

red and green shale, The orthoquartelte  contains  subangular t o  

we11 rounded quartz  grains. Quartz composes more than 95s of 

the rock;  other  constituents  include rare feldspar and  mica. 

The colors of the rock  range from gray  through red t o  brown. 

I n  many places, mangamae staining imparts a black ctolor t o  the 

rock. Crosr bedding and r ipple  marks are occasionally noted. 

Banding I s  very common. Petrifled wood,  commonly stained  black, 

is another  characterist ic feature. 

The contact between the Howells Ridge and'eorbett forma- 

t i ons   t e  here drawn a t  the top of the youngest  limestone bed i n  

the upper Howells Ridge member. The top of the Corbett is not 

exposed i n  the area here described  since i t  is either aovered 

by alluvium  or  overlain by Pennsylvanian  kllppen. 

A section  giving a reliable maximum thickneaa was meaeured 

from points known to  be st its base and a t  the highest exposed 

bed, a8 plotted on an  enlargement or the topographio map. This  

indicated  an approximate thickness of 2,500 fee t ,  which is I n  

Pair agreement wlth the thickness of 3,000 feet measured i n  both 

the Li t t le  and Big Hatchet Mountains. The beds are dominantly 

quartzitic  sandstones  (probably  orthoquartzites) and range from 

ten   to  40 feet In  thickness, as contrasted with the thickness of 

beds i n  the interbedded shale and s i l t s tone ,  about a foot  a t  

moat. 
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Paleontology 

No foss i l8  were found i n  the orthOquart8ite  but some poor 

unidentifiable specimens were noted in  the shaly interbeds.  In 

the Little Hatchet Mountains, however, i n  a thin  limestone bed 

a t  the base of the formation, the following  fossils were identi- 

fied: Trigonia sp., Protocardla sp., Arctica ep., A.medialis 

(Conrad), and Nelthea occidentalis. 1 

CORRELATION OF THE LOWER CRETACEOUS SEDIMENTS 

A l l  the lower Cretaceous  sedlmenta of the Apache Hills and 

Sierra R i O a  can be correlated with rocks of similar  lithology 

e i ther  I n  the L i t t l e  Hatchet Mountains or the Big Hatchet 

Mountalns or both. The main bulk of the  sediments  appears t o  

be Trinity (Lower cretaceous or aomanchean) i n  age, as estab- 

lished by Lasky on the basis of fauna i n  the L i t t l e  Hatchet 

Mountains, In  that range some 15,000 to  20,000 f e e t  of Lower 

Cretaceous rocks are exposed. This contrasts with the 7,000 

t o  8,000 feet of Lower Cretaoeoua found i n  both the Apache 

Hills and Big Hatchet These two sections are slml- 

lar t o  the Lower Cretaceous section of southeastern Arizona.3 

An exception t o  t h i s  consistent  pattern of Lower Cretaceoua 

deposition is the t u c k   s e c t i o n   i n  the Li t t le  Hatchet Hountains. 4 

'Lasky, op a l t ,  p. 24. 

%eller, R.A. (1953), Lower cretaceous stratigraphy of south- 
west New Mexico,  Guidebook, 4th Pield Conference, New Mexico 
Qeol. Soc., p. 143. 

3Sto~ranou, A.A. (1949) Lower Cretaceous stratigraphy i n  
Southeastern  Arizona, Oeol. Soo. Amer, Hem. 38, pp. 4-12. 

4 
Lasky, OP tit, pp. 16-26. 
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However, it is believed that the  section there may involve some 

dupllcatlon bjr faulting. .BurtheF work being conducted i n  that 

area by Robert A. Zeller of the New Mexico Bureau of Mines will 

test t h i s  belief. 

f n  general'the succeesion of  bed8 In  the Lower Cretaceous 

coneists of a lower clarstlc  unit followed by massive limestone 

bed8 which i n   t u r n '  we overlain by an upper c l a s t i c  unit.. This 

sequence wa0 first observed in   the  Blsbee, Arizona  area,' where 

' a composite thickness of about 5,000 feet wee measured. The 

section there COnBIstS of a lower c las t ic   un i t ,  the Morita for- 

mation, largely red beds, comparable t o  the Red Beds member o f  

the Howells Rldge forrnationi overlying it is the Mural limestone 

whloh can be considered equivalent t o  the four  limestone membere 

of the Howells Rlcige .formstion; the youngest un i t ,   c l a s t i c   i n  

nature, the Cintura  formation,  can be tentatively  aomelated 

with the Corbett  formation. 

UPPER CRETACEOUS (OR LOWER TERTIARY) 

Skunk Ranch Fanglomrate 

The Skunk Ranch fanglowrate  derives its name from the 

type l o c a l i t y   i n  the Li t t le  Hatchet Mountalns. The rocks there 

expoeed as constituents of the formatian  can be d i rec t ly  cor- 

related with the thinner  section of the same formation  cropping 

out   in  the Apaohe Hills and Sierra R i m .  In  the present  descrip- 

t ion  Panglomerate 28 used i n  place of conglom%rate, as applied i n  

the L i t tZe  Hatchet Mountains, f o r  reaeone t o  be shortly  explained. 

. 3 
. .  

c. - . , . . .. . . \ 

1 

PP* 56-73. 

Ransome, B.L, (1904), The geology and ore  deposits of the 
Blsbee  quadrangle,  Arisona, U.S. aeol. Survey Prof. Paper 21; 
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The Skunk  Ranch fanglomerate l ies disconformably upon 

Paleozoic and Cretaceous aedimrrntrr. West of the Daisy mine and 

i n  the immediate vicini ty  of the mine, the fanglomerate  occurs 

as thin beds uncomiormably overlying  the  Rudistia Limeatone 

member of the Howells Ridge formation  (section C-C' on Plate 1, 

Plate lo).  In  the 8- general  area  scatterea remnants of the 

formation occw  locally overlying::$ip.., Rudiatid Limestone member 

as well as   tha younger Limestone ',--.'Sandstone member. Another 

are8 of exposure is eait of Doyle Peak where the fatiglomerate 

rests uncomlormbly upon older Pennsylvanian  limestone and was 

apparently  involved and carried  along with the thruating. 

. ) .: .:. . S ~  

Xn the Apache Hills, the formation  consiata largely of 

conglomerate-boulders,  cobbles, and pebbles of limestone cemented 

by iron oxide, i n  8 matrix of coarse  rea  sandstone. Igneous rocks 

are conspicuously  lacking among the  boulders. Laterally  there 

m y  be a gradation  to  sandstone conglomerate  boulders and t o  a 

fine  grained  sandstone  aratrix.  Interbeds of green  ahale were 

noted locally. Chert lensas,  probably of secondary origin, are  

very common, The average diameter of the cobbles is about 4 

inchet$# but mme range up t o  1-1/2 feet i n  diameter. The lime- 

stone  boulders and cobbles  contain  Paleoeoic and Cretaceous 

fossils ,   crinoid stsma characterlatic of the Magaalena formation, 

and Orbitolinas from the Howella Ridge formation. The reason for 

the % ; e m  fanglomerate i s  thus obvious. 
~.~ .~ ~ i I 

""" 
~ - ~ 

I. ' - 

In  the Apache Hills, the thickness of the fanglomerate 

varies from 10 feet to  about 50 feet a t  i t a  best exposure, 

whereas i n  the Litt le Hatchet Hountaina the thiakness, as 
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detemained by ~ a e k y ,  Is 3,300 'feet'. A similar thlcknesjr  holds 

for the Big 'Hatchet Mountains. The .dlnrcrepancy may be acdountea 

?or by aasumlng that .  the Apache Hills' and Sierra Blca represent 

the outer limits of Skunk Rranah deposltlon, or by assuming that  

a more Intense  erosion was localltGed t o  the Apache Hille. 

ConslderSng the local  nature 'of such a non-marine fanglomeratic 

uni t  of t h i s  type; the first explanation aeems more probable. 

/ 

The fact that mny of the large boulders and cobbles are of rocks 

now  Pound I n  the Little and Big Hatchet Mountains supports the 

same concept .. 
l 

The only  foerails found i n  t h i s  form8tlon were In the boulders 

and cobbles,  not I n  the matrlxx; thue  paleontologlc  evidence 89 t o  

the age of the formatlon l e  lacking. However, lithology, uncon- 

formable base, and relationship  to  tectonic  featurcis a13 point 

t o  a late Cretaceous  (post-Corbett  or later)  or  early Tertiary 

age. Yet, If  of Tertlary age, it Ha0 certainly  deposited  prior 

t o  any of the igneoua ac t iv i ty  of that  time. Xts relationship 

ultki the Last Chance volcanics $8 not   ent i re ly   c lear   but  there l e  

a t  least no evidence that  polnte   to  the fanglomerate as being 

younger than the volcanlo  unit. 

SUMMARY OF THE IONEOU8 ROCKS 

The igneous  rocks of the area lnclu4e aam f i f t een  dis-  

tinguishable  units. The getrographlo reatures and re la t ive  

ages are diacussed  under  each  unit. Their re la t ion  to  mineral- 

izat ion is graphlaally  indicated  in Table 2. 

L 
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Although an attempt is made t o  relate each  rock unit t o  a 

chronologlc  sequence,  adequate field evidence for  some of the 

assigned ages l a  lacking. For example, the age relat ions of 

certain  dlko  rocks tranrrectilng  only Lower Cretaceous  sediments 

cannot be determlned with confidence., Similarly, the exact 

ages of many of the later flows and tuffs I s  not  determinable 

because of the laok of interbedded  Tertiary sediments end as- 

sociated  fasslls..   In such cases, age8 were tentatively aeslgned 

by comparison of l i thologies  with those of other  local afreaa 

where age determinations were more soundly based and have re- 

ceived  general  acceptance. A good  example of t h i s  procedure I s  

the correlation of the   dior i te  and quart= dior i te   lntruslvee of 

t h l s  area with those a t  Silver City3 the latter have been classl-  

lied as early Tertisrry, p r ior   to   the  emplacement of the major 

BtOCkS.  
i 

Despite the general  acceptablllty of such l i thologlc COP- 

re la t ion,   cer ta in  problems arlse In assigning a specific age 

t o  some Igneous  rock  units. For example, rhyol i te  porphyry 

dike8 that cut  the ea r l i ee t  arafic  flows exposed in Apache Valley, 

though ll thologioally similar, may be earlier In time than  those 

exposed on the northwestern flanks of the Apache Hllla. Like- 

wI~Q,  the mafic  flows o f  Apache Valley may not be of the same 

period as those i n  the vlclni ty  of the Queens Taste mine.. Nor 

.can the Apache  VaXley maflc  rocks be aorrelated with the mafic 

sill exposed southeast of the Daisy Mine, though allke ll tholo- 

1 Hernon, R.N., Jones, W.R., and Moore, S.L. (1953), Some 
geologic features of the Santa Rita quadrangle, Quldebook, 4th 
Field Conference, New Mexico Qeol. SOC., p. 123. 
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gica l ly  and poseessing  generally  analogous  primary  structural 

featwea,  Variations are to  be expected i n  any group  broadly 

c l a s ~ i i l e d  on the baais of' composition, and the many uncertain- 

ties make any such correlations  tentative a t  best. 

Broadly, early  Tertiary igneous.  rocks differ from later 

Tertlary rocke by containing  deuteric  or  hydrothermal  epidote. 

The early TePtiary intrusive0 - whether diorite,  mon~onlte, or 

trachyte - are characterized by abundant piataci te  which hae 

imparted t o  some rocks a dark green  oolor. The only  exception 

l a  the Last Chance group  (mainly mafic flows and intrusions) 

which, although  containing  epidote, has l eas  o f  it than the 

other  but more nearly intermediflte  rocka. of the aatme'ags. I n  

many mafic rocks,  chlorite Is an accompanying alteration  mineral, 

though usualzly of' minor ocaurrence I n  the interaediate racks. 

In  contrant, the later Tertiary rocks are characterized by the 

absence of epidote but are generally  chlorlt ized, The ore de- 

posi ts  of these pmloda are diatlnguifahable i n  like manner. A t  

the Apache and Chapo mines, epidote   la  a prevaient and persistent 

gangue mlneral whereas a l l  the other ore deposi ts   in  the Apaahe 

Hills and Slerra Rica known t o  be later i n  age contain much 

chlor i te  and only rare epidote. This alteration  asaociation is 

not merely d is t inc t ive  of the Apaahe Hills, but As apparent3.y 

common t o  tha surrounding; ranges. 
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UPPER URETACEOUS OR LOWER TERTIARY XGNNE0119 ROCKS 

Last Chance Volcanics 

Oeneral Description 

Ths Last Chance volcanlca  derive their name from their  

most prominent occurrence  near the site of the Last Chance 

mine, The formation C r O p B  out a6 two matjol? bands extending 

oicroes t he  playa between the Apache Hills and Sierra R i m .  

Both  bands are composed of porphyritic  andesite and basalt  

flowa an8 plugs with occasional  flow brec&as, breccia plugs, 

and more rarely s i l i c i c  tuffs,  Southeast o f  the Daley mine, 

the same rock type, priarerily of basaltic composition, pre- 

sumably occurs a8 a sill between the R u d i B t l d  and Lirueatone - 
Sandstone members of the Howells Ridge formtionr  north of the 

Daisy mine, the volcanic6  occur as andesite and basalt flows 

and aikea. In  a l l  three loaa l i t i e s  the rocks form Xow rounded 

h i l l s  separated from each other by shallow  arroyos and alluvium. 

The flows rest unaonfovwably  upan the eroded surface o f  the 

Howells Ridge formation  (section C-C' and D-D' of' Plate 1) .  

The exact thickness of the Pomation  cannot be adequately 

. determined  because  neither top nor bottom are expoaed. More- 

over, the acarcity and difficult  1nt;erpretation of flow struc- 

twee or other gutdes t o  the bedding m8ke the plott ing of 

thicknesses very d i f f icu l t .  However, inferencats based on cross- 

sectionla Beem to  support a thickness of 500 feet for the sill 

and probably a similar thickness for the flows. The figures 

are questionable as the thicknear  should vary locally depending 
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on the erosianal surface upon  which the flows were extruded. 

An lnconaluaive attempt; t o  measwe a section  south of the Apache 

fault resul ted  in  similar figures. The wasurement waa compli- 

cated by the intrusion of mafic plugs, felsites, and rhyolite 

porphyry dikes, a% well as by the Apache f a u l t  which has drag- 

folded some of the flows. The few places where true bedding 

could be measured in the flow5 show a north d i p  near the Lest 

Chanoe  mine and a south d ip  near the Quarta prospect. 

Age and Oorrelatlon 

The age of t h i s  formation l a  i n  doubt  because  the lack of 

sharp contacts  prevents  accurate  determination of the upper 

and lower liraita of the unit. me uncertainty is a lso  cauatad 

by the  lack of' interbedded  sedliuenta and accordingly o f  i o s s i l s ,  

I n  h i s  deaociption of the Mtt;le Hatohet Mountains, h s k y  a%- 

slgns the Ust Chance f a rmt ion   t o   t he  Lower Cretaceous, regard- 

ing it as underlytng and henat? older  than the Nowells Ridge for- 

mation. I n  the LitCle Hatohet Mountains, the uni t   l a   ca l led  

the Hidalgo volcanias by Lasky who conclude8 alter a short v i s i t  

t o  the Apache Hillr that he WBS able to   correlate  the Midalgo 

volcanics  nith the volcanica here described Prom the Wrt Chance 

area, The same un%t I s  ol ted  as occurring i n  the Lardaburg 

mining district  and i n  the Florida Mountains southeast of D e m l n g .  

These and other areas are cited by Laaky t o  prove the Lower 

Cretaceous age of the  Hidalgo  volcanic8 and its equivalents. 

Yet a l l  the evidence i n  the area here described  points t o  a 

post-Cretaceous age. 
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In  the Apache Bills, the relat ive age, a t  least, of the 

Last Chance volcanics  can be readily determined. The volcanic8 

are older  than the rhyolite porphyry dikes which Intrube them 

since the latter contain andesite fragments in many places; the 

Last Chance volcanics are overlaln by latltes and rhyolite  flows 

and tuffs  near and southeaat of the Luna mine# they are them- 

selves intrusive  into Howells Ridge sediments  southeast of the 

Daisy mine. -No direct  evidence is available regarding their 

age re l a t ive   t o  the Corbett  formation  ainoe the two formations 

a r e  nowhere contiguous. It is hardly  to be expected t h a t  80 

res i s tan t  8 formation as the Corbett, once deposited, would be 

completely eroded 'leaving no remnant whatever; it seems more 

probable that  the lack of the  Corbett  formation i n  the Apache 

HillTbterns ent i re ly  from lack of depoeltlon  rather  than com- 

plete erosion.  In view of t h i s  probability it appears  Justi- 

fiabTe to   assum that the aedimenta assigned t o  the Howells 

Ridge formation were once deposited i n  the Apache  hills;^ 

subsequently, leveling of t h in  surface  occurred and then the 

h a t  Chance flows were poured out  over it. Three other kinds 

of evidence  point t o  an age later than the Howells Ridge forma- 

t ion and  moat probably eithsr late Cretaceous (i.e., later than 

the Skunk  Ranoh formation) or ear ly Tertiary. F i rs t ,  dikes of 

andesite of the aame composition (and therefore  probably of 

similar age)  occur  sporadically in the Limestone-Sandatone uni t  

of the Howell0 Ridge formrrtlon southwest of the Dalsy mine. 

Second, similar  intruaiona  occur  in the Orbitolina Limeatone 

I 

~X . .... 
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member of the Howells Ridge formation  along the c re s t  of the 

anticline just north of Border Poet No, 39, though too small 

t o  be indicated on the map. Third,  conditione a t  the Apache 

faul t   s t rongly suggest again that the Last Chance volcanic8 are 

younger than the Howells Ridge formation; these conditions are 

explained in  the section on Structure. 

The relat ion between the Skunk  Ranch fanglomerate and the 

Last Chance formation  could  not be definitely  ascertained. This 

I s  because, though both overlie unconformably the Howella Ridge 

formation i n  the Apache Hills, they are  not  1n.contiact with each 

other. However,  two Isolated  outcrops of fanglomerate occur i n  

the basalt @Ill, both of which may well represent  xenoliths  or 

blocks  picked up  and incorporated dwlng the sillts Intrusion. 

In review, the Last Chance volcanic6 are older  than the 2 - 6 ~  

+J+f 

Lower Cretaceous and may be a0 young as Upper Cretaceous and 

poss2bly even Lower Tertiary. Volcanic8 similar In  age to  those 

dlscusaed have been recently mapped i n  the  Lake Valley' and , h-b.c -+ 

pwyer'~ quadrangles  near D e m i n g ,  about 50 rnilea away from the 

region here described. -tk &".y 4".! 

I 
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The formation  consists  almost wholly of basait and ande6ite.ym# 

It i s  made up of flows, dikes, and plugs with subsidiary tuffs 

and breccias. The flows compose about 7% of the unit. Their a r L s L C L  

l ineation is seen with diff icul ty ,   par t ly  because  they are 
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generally  poorly exposed on the low rounded outcrops;  prospect 

pits usually show these igneous features t o  a moderate degree. 

In  outcrop, the rocks  range from occasional  green  through 

greenish gray to  black and deep violet .  Oenerbilly, the flows, 

d ikes ,  and plugs contain numerous large phenocrysts; feldspar 

phenocrysts up to   an eighth of an  inch i n  diameter are  not un- 

common. Sill rocks, whether ltndeeite  or basalt, on the contrary, 

are,equigranular and contain few phenocryats. 

Microscopically, the formation is characterized by euhedral 

phenocryets of plagioclase,  mostly  andesine though labradorite 

is a lso  widespread. Zoned plagioclase is ale0 abundmt and 

ranges from labradorite  in the core  to andesine and, leas  common- 

ly,  oligoala8e i n  the rima.  Polygonal outl ines of olivine pheno- 

crysts,  for the most part converted to   an t igor i te  and Iddingsite 

with brown pleochroism, are  prominent i n  some of the more  bRea1- 

t i c  membere. Certain  andesite dikes RCe characterized by pheno- 

crysts  of dull  black augite or hornblende, up t o  half bin inch i n  

leng%h. One dike of t h i s  kind was observed a t  the Cochise vein; 

others are a t  the Big  Shiner mine. In  these, zoned plagioclase 

is conspicuously  absent. 

Ferromagnesian minerals  other  than  olivine,  include horn- 

blende,  usually i n  phenocrysts with green  to brown pleochroism; 

brown pleochroiam is characterist ic of oxyhornblende. Augite 

is present as phenocrysts, commonly badly  chloritized, and as 

p s r t  of the groundmass interlocked with labradorite laths; to- 

gether these two minerale produce the ophitic  texture 80 ueual 

i n  basalt. Biot i te ,  though only  rarely  observed, appears i n  
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large phenocrysts a0 much as 4 mm. long, with brown gleochroi0tn. 

Magnetlte is a primary aonatituent  within  the groundmass 

and an  a l terat ion product OS the ferromagnesian minerals. Apa- 

t i te  and airaon are accerssory mineral6 which i n  some cases are 

the cause o f  pleoohrola  haloes. i n  b io t i te .  

Quartz  occasionally  occws a8 phenocrysts and a0 part of 

the matrix  within the volaanics. Xn some apecimena there is  

about 1% quartz which would warrant termlng the rock a daci te  

(quartz  andeaite)  or perhaps even 8 quartz basalt. 

Amygdules OS chlor i te ,   calci te ,  quartz, chalcedony, and 

rarely  analci te  are f a i r l y  common, the first three befng most 

prevalent. The amygdules are generally concentrically banded; 

quarts forms the outer band, ca lc i te  appears next, and chlor i te  

fills the central  portion of the amygauls. Individual amggdulea 

compoaed laolely of theae minerals are axso present. 

The matrix of the rock varies, depending on whether it is  

a ilow, a tufS, or an  intrusive. I n  %he flows, the texture i s  

generally  glasay and flow lines, i f  not noted i n  outcrop, are 

commonly observed in   thin  sect ions 88 0wirla.  In  tuffa, a 

glassy dev i t r i f i ed  matrlx wiiih thin  delicate  streaka or laminae 

is noted. Xn intrusives,  the tex twe of the groundmass ranges 

from part ly   glassy  to   ent i re ly   crystal l ine,  the latter aonsiating 

of a matte of plagioclase lathe and aricroliths. ?he grain size 

of some intrusive varieties is almost  aoarae enough t o  make the 

rock dLabass. 
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some pyroclastic beds of the  formation were noted i n  the 

h i l l s  south of Border Post No. 40 where breccia  pipe8 are ex- 

posed. Here the breccia  fragments are cemented  by hematite, 

each  fragment conaisting of devitrif ied glass containing aligrmd 

plagioclase laths and O C C a s i O n R l  augite phenocrysts. Near the 

Last Chance mine, a l igh t  green  amygdaloidal flow breccia with 

well developed lineation  contain8  closely apaced olustera ,  each 

cluster  conaisting of angular  crystals of alblte, sanldine, and 

quarts within 61 par t ia l ly  dev i t r i f i ed  groundmaaa. In  the same 

general 82'88, t h i n  tu f f s ,  of s i l i c i c  composition  occur inter-  

bedded with more nwerous  baaaltic  flows. Theee tuf fs  are gener- 

a l l y  l i g h t  violet ,  poeaess a delicate  lamtnation upon close  obeer- 

vation, and contain  in  many pfacee numerous unoriented  inclusions 

an  inch or less i n  diameter. Some or the tu f f s   a r e  welded. 

. .  

Another vetriseion i n  the formation is the occurrence of the 

daclite previously mentioned, exposed i n  the eastern part of' 

Apache Valley adjacent t o  the international  barder. X t  is  marked 

by B topographio  contrast in that the dacites and associated 

hornblende and b io t i te  andesites form high h i l l s  rather than low 

rounded knolls. Each rock ma88 of such high hills apparently 

repreeents a thick  short flow or a steep sided volcanic neck or 

both. Thowh not  studied i n  detair these high hills appear t o  

be more sil iceous and alkaline thanother par ts  OS the Mast 

Chance volcanic8 and could thus grade in to  the drc i tes  exposed 

along the flanks OS the h i l l s .  There are  no surface  lithologic 

or st ruotural   features   to   indicate  that the dacite and andesite 
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are two separate  flows. For the most part, the dacites and 

the hornblende andesites  are similar i n  appearance and contain 

needles of  oxyhornblende half an inch long and t raahyt ic   in  

arrangement, ae well as zoned plagioclase  phenocryets and ande- 

sine aM oligoclase laths. The groundmass is subtrachytic and 

contains  varying amounts of i n t e r s t i t i a l  quarts. Zircon and 

pyrite are common accessories.   Sericit isation of the plagio- 

clase,,  especially the aoned ones, is notable. 

Alteration of a l l  members of the formation is  particularly 

pronounced. The a l te ra t ion  minerals consist  of abundant chlor i te ,  

ca lc i te ,   se r ic i te ,  and rare epidote. This is  %n aharp contrast 

t o  the more s i l i c ic   in t rus ions  and surrounding  sediments, i n  

which epidote is  the  dominant alteration  mineral, 

Variations  in mineralogy par t icular ly   in  regard t o  quarts, 

tend t o  produce members that may be classif ied as dacites while 

variations i n  grain sise r e s u l t   i n  rocks t h a t  may be termed 

diabase.  Since these variations are d i f f i c u l t  i f  not impossible 

to  discern on the outcrop, the grouping of all these rocks under 

one formation seems the most feasible treatment.  Certainly 

andesite and baralt of similar texture, color, and mode of out- 

crop  could  not be distinguished from each  other i n  the f ield.  

For purposes of identification, the two types were distinguished 

on the basis of plagioclase composition, %.e.> rocks with labra- 

dori te  were considered basalts regardless of the nature an6 

content of the associated  ferromagnesian  minerals, 
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LOWER TICRTXlbRY IQNEOUS ROCKS 

Diorite Porphyry_ 

Diorite sills represent one of the earliest periods of 

igneous ac t iv i ty   in   the  Apache Hills and have been tentatively 

correlated with the dior i te  rocks of' late Cretaceous age i n  the 

Litt le Hatahet Wountalna and a t  Si2ver City. In  the Apache 

Hills, d io r i t e  occurs as thin sill8 20 to 25 feet thick and 150 

to  300 feet long,  intrusive.  into the Orbitolina Limestone member 

OS the Howella Ridge formation, j u s t  below the Rudlatid Lime- 

stone member (Figure 3) .  Suoh a diorite si l l  can be traoed 

ea#&l ly   in  the field as it may form a topographlcaliy  reiistant 

ridge, There are only two occurrences o f  d io r i t e   In  the Apaohe 

Hilla - one  on the h i l l  just  northeast of the Mairland mine, 

and the other, much smaller i n  extent, northwest of Border Post 

NO. 39. 

The rock from the outorop  near the Mairland mine has a du l l  

brown oo'2or on weathering, and consists of prominent phenocrysts 

of gray feldspar and altered hornblende i n  a fine  gratned  crystal- 

l i ne  groundmass. #lcroecopically it is comgoss~ of euhedral t o  

subhedral  phanoorysts of andesine averaging 2 m. In  diameter, 

and soned plagioclase, with l ibradorlte OP andesine  In the center 

and oligoclase or albite on the borders. Green pleochroic horn- 

blende, &kwtially chlorit ized occurs i n  subhedral  prismatic 

grains. The groundmass is holocrystalline and medium grained; 

it is composed of orthoclase with oacaelonal hornblende and some 

in te r r t i t l a l   quar t s .  OFthoclase oonetitutes up t o  1% of the 

t o t a l  oomgosition. 

, .  

. ,  . .  

. .  

. .  
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I 
I Figure 2 

Dip Slope on the Rudistid Limestone  member. View I 

, looking  weat from  the  International  mine. 
.~ ~ ". -~ 

j 
Figure 3 

i Looking  east  from  the  Chapo mine toward  the 

' cliff-forming  Rudistid  and  Orbitolina  Limestone 
~ 

! 

' members. A diorite sill crops  out near  the  base ; 
i of the  Rudistld  Llmestone  member. 1 ~ ~ -  ~~ ..~ . . . . .  ~ .. 
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Accessory minerals include  magnetite, rare sphene, end 

apatlte, The latter exhibits well developed  hexagonal c rwa  

sections and elongated,priems 0.5 mm, i n  length. Deuteric 

a l te ra t ion  is  pronounced, the  hornblende havlng been changed t o  

e i ther  anomalously birefringent  chlorite or epidote  together 

with rarer hemtlte and calci te .  The reldsparsare a l te red   to  

ser ic i te ,   chlor i te ,  an8 ca lc i te ,  the ca lc i te  almoast en t i re ly  

replacing the Feldspar  crystals, some of this  ca lc i te  ,wy 'well . .  

have been derived from the surxloundlng ??oaks. There I s  dif- 

ferentsal a l te ra t ion  as the unzoned pla$%oclasee have begtu more 

wiclely converted t o  chlor i te  and caloite  than the zoned p2agio- 

clases. This  its the converse of what occurred In  the other  ln- 

t ruslons  in  the range. / .  

. . .  , . .  

An apgroxlrsstion Of the aompoeitim  indi6ateS that the 

volume ra t io s  of calcl-teldapar  to alkali felUlspar is  greater 

than 5:3, whish presumably places the rock w1f;hin the d ior i te  

group. 

No a l te ra t ion  of medlments adjacent  to thi r i l l  was noted. 

X t  l a  bel2eved that these sills have no ganFt1.c. connection with 

ony of the ore  deposits of the area. By contrast, the asleociated 

quarts diorite  plug^ and dikes have besn,contact metasomaLleeU 

and contain  fissures that bear ore. 

guarte  Dlorlte Porphyre 

Quarts diorite porphyry in t~us lves ,  i n  conjunction wtth 

diorite porphyry sills, represent the eqrliest seqwnce oP.in- 

tawsion of intermebiate composition. By analogy wlth the Santa 
v 
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Rita mea, they are believed t o  be of l a t e  Cretaceous age, 

cer ta in ly   p r ior   to  the intrusion OS the ma3or.staak that eom- 

poses the western part of t he  Apache. Hllls. Quarts aiorlte 

ocours as sills, plugs, and dikes i n - t h e  metamorphose8 member 

of the Howella Ridge formation  west,of the McIUnley f au l t  and 

i n  the vicini ty  o f  the Chspo mine. Xn the fomner locs l l ty  the 

i i t rus ives  ocow ?lose  together and suggest a larger uoalesced 

parent magma a t  depth. The age relatxlonships ark evidenced by 

the Xndlan fault which crontinws westward from th6 McKinley 

f a u l t  and bisects  one of the quarts dior i te  plugs. The pres- 

ence of tact&te  rnlneraliaation  along th i s  fau l t ,  as well I)$ 

Wctite-type  minerals  within the plug itself, indicatesr that 

the quartor diorite  rocks wem intruded prior t o  the major stock 

‘ alnce metaaomstia e i l lco t ion  i a  ahown t o  be associated with the 

W 

latter intrusion. 

The quart8 diorite ha% no characterietic topographio  ex- 

premaioni a l l  ‘the intrusive  rocks weather t o  P gravelly  talus 

In the low h i l l s  west of the Mcffinely fault. TheLr weathered 

UWfarceb, greatly.resemble the enclosing metamorphosed  sedimentm 

i n  the hand spsaimcln; the two kinds of rook can onLy be ais- 

tingutshed on fresh surfaces. The fresh surface of the quarts 

dior i te  1s characterinred by a dull  green or tan  oolor with 

prominent large whlte feldspar phenocpyata and occasional quarts 

phenocryst8 i n  a generally  microcryatalllne groundmass. Micro- 

saopically, the rock contains euhedml t o  subhedral  phenocrysts 

of andesine and o1igocla.e up t o  5 am. i n  dlawter, Zoned 

m 5P 

. 

L 
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plagioclaae  cryatala with andeslne  cores and albite rims com- 

parable i n  size t o  fhe plagioclase  phenocrysts, me comon in  

s~me specimens but completely  lacking in  others.  Orthoclase 

and albite are minor consti tuenta  usually  in the fora of ant i -  

. perthite.  Quarts occur8 a8 O C C a 8 i O n a l  corroded  phenocryata. 

However, both  quarta and orthoclase are more typical of the 

groundl~ass where they occur intergrownt  there the orthoclase 

appears t o  have a nearly parallel alignment. 

Minor minerele  include  pleochroic  blotgte, augite, (al- 

tered to   ch lor i te  and secondary  magnetite),  hornblende,and 

apatite. Hornblende ha8 b%en incompletely  converted t o  w h a t  is  

believed to  be pargasite. The a l te ra t ion  which proauced miner- 

ala  believed t o  be deuteric (such aa  aericSte,  chlorite, epidote, 

and calcite) haa markedly affeated the feldspar,  Xntrodlaced 

minwrals include quarts, caloite, apidote,ana  magnetite which 

are generally  confined t o  thin  veinlets. Apatite is particuZsrr- 

ly prominent i n  some specimens and composcse approximately 3-5$ 

of the quartz  dlorite plug8 exposed a t  the Chap0 mine. Although 

apatite Is not  reetrlcted  to  observable fissures, i f  I s  be- 

lleved t o  be associated wtth the contaot metaaomatiam affecting 

th i8  area. 

Differential deuter lc   a l terat ion of the more calcic  plagio- 

claae, in   preference. to  the albite and orthoclase, is very marked. 

Thia is exemplified by  8oned plagioala8s  phenocrysts where andes- 

ine  cores are wholly sericltixed and are surrounded by Sreah 

albite rima. 
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"he mlneraloglcal  composltlon o i  the roak is  approxiourtely 

as followss 35-50$ plagloclaee feldapex?, 'L5-25$ allurll feldspar, 

lO-l5$ quarts, 3-1w minor b io t i t e  and auglte, and 5s accesrory 

minerals. 
. .  

The Apache Hills Oomposite Stock 

The Intrusive badg that forma the ador mass of the Apaohe 

Hills I s  a aomposite rtock composed of an earlier stock of monzo- 

nlte porphyry and a later atook of quarts moneonlte porphm.  

Lllmllar composite etocks or lntemaediate crotaposltlon have long 

been recognized  near  Santa Rita, New Mexlco and more recently  In 

the Glttle Hatchet Mountains. 2he stock  occupies  an area o f  ap- 

proxllaatelg  seven square miles on the we8t;arn flank of the w $ e  

and forms the hlejhbst peak I n  that area. To the aouthmest, It 

displacea pavt OT the Iiowells Ridge formation, the, upper nereber 

of whlch has been ~ub jec t ea  to  thermal metamorphiam and mctasoau- 

tion. The beds eouth of the stock gemrally have a gentle  north- 

ward d i p  towawl the stock  but are dragged upward close  to  the 

contaat. To the northeast, the stock l a  overlain bar borderLng 

latite and andesite flows rrnd by Intervening and I n t r u s l v ~  

rh ro l i t e  porphyry mhlch has been Intwled  along the contaat 

between the mon&onite and Nerlylng Plows. The latter condition 

also hoida true on the southweat flanks; there numerous porphy- 

r i t l a   r h y o l i t e  'dike8 haw, b8en Introduced along the aonbat 

between the  quarts monaonltb and the Howell8 Ridge formation. 

To the northwest, the stock l a  abruptly terminated by the MGKlnley 

fruli; whloh bring8 %he rock OP the intrusion  Into sharp aontaat 
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wlth a thlck sequence of .the contaat metamorphosed  LZm%stone- 

Sandstone! member., Here the Mollinley fault marks the western, 

outer limlt of the contact metasomat%sm affecting this  upper 

inember.. 

The monzonite and quarts monson2te that compose the stock . : . .  
am? moderately resistant  Poaks'and tend to  ioPm the highest 

peaks of the .range. Addjacent t o  Apache Valleyj &he quartz 

monaonite ha% been ;Largely ercxted to  very  gentle s l o p s  whlch 

deallne euenlfl- l n to  the level of the wlley alluvium. 

3Cn general the outline of the stock i a  elongated  pavallel 

t o  $he west-northwest trend o f  the range'and t o  %he major told. 

and the  Indlan and Amche faults, a w i w t h e r  dlscuseed below. 

Thia l a  part icular ly  noted i n  the quartz monzonlte rocles whose 

contact with the mediments 10 aingulssly concrordant. However, 

alluvlal cover, not,  penetrated by shafts i n  th i s  local i ty ,  con- 

ceals  the pltch oi the stock. The angle of pitch or dip  of Vie 

main axis of the plug io obvloursly highly Irregular  aince $80- 

l a t t d  plug-like cupolaa of quarts monlronlte  and momonlte are 

eXpO8ed i n  the LlPrsstone-Sandstone member of the Howells Ridge 

fomatlon (Plate 2). These offahooea suggest that %he stock 

widened downward. The app8ran&  concordance between stoak 

elongation and structure  then, l a  only a matter of two  dimen- 

@ions and the  stack I s  obviously  diecordant at  depth. 

Outcrops o f  monzonite or quarts tnonrsonite are completely 

absent  nest of the McKlnley f a u l t  and it 5s therefore believed 

%hat the atoak was emplaced along t h i s  faul t$  here 8ubseqwnt 

ore  saltations wme probably also channeled. 



Honaonite Facies 

Uonsonite consti tutes about  three-fiftha of the expaeed 

part of the stock.  Megasaopically it has characterist ic 

greenish  gray  or  bluish  gray  colors. Phenoorysts of feldspar 

up t o  l/% inch long are embedded in a mlcrocryatalline ground- 

mase. The border  &ones of the monzonite are  very Sinely granu- 

lar and cloeely resemble the l a t i t e e  which overEie the stock. 

In   fact ,  the chieS  distinction  betneen t h i s  latite bordep zone 

end the lati te llons lies i n  the f a c t   t h a t  t he  stock ha0 under- 

gone considerable  epidotization, prominent  even i n  hand speci- 

mens, uhereas the f l O U 8 ,  though otherwise highly altered, are 

only very slightly epidotieed. 

~ ic rosoopic  s t ~ d y  reveals a characterist ic  grantt ic or 
H monzonite” texture, %.e., euhedral  to  subhedral  plagioclase 

grain8  interlock with aubhedral %a anhedral OrthOCla8e grains. 

An e s t i m t i o n  of mineral conten* from three slides indicsted an 

almost  equal  percentage of potash feldspar@ and calaio feldspar 

with varying amounts of hornblende o r  augite or both and pars 

b io t i te .  

The calcio feldspar is andeaine, which commonly occurs an 

the core of zoned plagioclaae  phenocrysts surrounded by 0lig0- 

clase and rarely albite rims. In  addition, unzoned crystal8 o f  

oligoalase were a lso  common. The dominant potash feldspar is  

orthoclase which occ&s a8 separate microlith8  asaooiated with 

andesine. Perthite-type intergrowths OS orthoclase were noted 

while albite and pericline twinning were obaerved i n  80me 

plagioclase cryBtala, The major  ferromagnesian  minerals are 
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augite and hornblende, whloh constitute  about 1% of the rock. 

Hornblende occurs i n  euhedral  crystals with polyaynthetlc 

twinning and light green pleochPol8m. The groundmass is fair- 

ly  f ine  grained and conslst~s of a matte of feldspar  microlitha 

(vrthoalaee ancl a lb i te )  and quartz, the latter ooaprlaing less 

than 6$ of the rock. Accessory minerals are magnetlte, sphene, 

sircon, apatite, and pyrlte. 

The most abundant and wldely ptarvaslve alteration  mineral 

18 epidote  (pistacite).  This  replaues the groundmass and pheno- 

crysts  and i s  mainly responsible far the green color of the rock. 

It la   general ly  restrioted to   ve in le t s  and microveins. The epi- 

dotlxatlon i n  the major mon%onite faclee may be contrasted with 

the isolated monaonlte dikes and plugs uouth or the Indlan  fault. 

f n  the laiter the epidote  occws i n  l&u?ger crystala and clusters  

and has almost  completely  obliterated the primary minerals. 

O t h e r  alteration  processes  Include  seriolti%ation of the feld-  

sparP. Xn addition there is alight  ohlorit leation of the ferro- 

magnesian minerals; the chloelte  possesses anomalous blue  colors. 

Ural i t iaat ion  la   a lso  typical .  Some seoondary ca lc l te  and quartz 

82.8 present. 

The border  zones of the monronlte fac ies  are 011 f iner  

grained and t o  some degree lessporphyritic  than the more central. 

areas. These differences In texture could no$ be easily ob- 

served i n  the field,  and it l a  only i n   t h i n  sectlcrn that they 

becow  readily  apparent. The mineralagy is fa i r ly   regular  

throughout the monaonlte except for the more abundant  develop- 

sen t  of aoned plagioclaae ana b l o t l t e  In the border zone. The 
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f'ir6t  developsent  auggests that there was an  inequilibrium 

between the growing plagioclase  crystal and the oooling mam. 
This Inequilibrium was caused by rapid cooling,  natur8lly most 

prominent i n  the margins of an intrusion, thus preventing  the 

eryatal   aore   f i ra t  formed, calcic  I n  oomposition, from reacting 

with the residual magma. As cryatalllra8tion proceeded 8wces- 

eive shells aril2 be increasingly  sodic I n  composition, the re- 

s u l t  being a Boned feldspar. A greatcar concentnation of biot iW 

is t o  be expsroted in   the  border zone einoe its formation $6 plro- 

moted by the presence of mineralizers, which ar8 t o  be expscted 

at the outer margins of a cryliOalllxlng magpaar, Ths border aone 

I s  chsracterised by both linear and platy flow struutwes,  es- 

pecially snjrls, as evidenaed by the alignment of phenocrysia 

and the notioeable  orientation  within the miorocrysta2lim 

matrix. Xpidotimation I s  here more pronounced vhioh ia t o  be 

expected In  vibw of the f a c t  thaD the outer rim ai' the intruarives 

should na twal ly  be more severely  fractured and thus serve t o  

localime channe'ls for  epidokiaing  solutions. 

Quartz Wonaconlte Facies 

!.The quart% moneonite facies fork8 the southern  extension ai 

the composite  atock. fn the f i e l d  the two fac ies  can be 82s- 

tinguiahed easily by alteration  intenalty,  by color, by degree 

of weatherlng, and  by the presence of quartz  phenocrysts. The 

later age of the quartz monsoniee i n  oomparison with the momo- 

n i t e  I s  attested by $he transgresaive  quarts monzonike dikes; in 



Plate 1, two such dikes are shown cutting the older  intrusion, 

Shorter,  transgressive  dikee, 10 feet or  less i n  length, were 

a lso  noted In  the field but; were omitted from the map for reason 

of scale, The re la t ion  of the quarts mon%onite t o  the porphy- 

r i t i c   r h y o l i t e  which forms its southern  boundarr l a  similarly 

evident i n  that the latter contalna large angular  breccia  frag- 

ments of quartz monzonite along the sharp  contact separating 

the two rocks. To the east and southeast, the younger facies 

is intruded an8 cut  by rhyolite porphyry dike6 and plugs. lso- 

lated plugs occur i n  the area between the Xndian  and  Apache 

faults. 

The intrusion of' quartz monzonite is believed d i rec t ly  

responslble  for the recrystal l izat ion and indirect ly  the 

of the laetasomation of the surrounding sediments. 

the beds adjacent   to  the major mass of quartz monaonite are 

greatly rearystall lzed and altered whereas those 

surrounding the fsoleted plugs just  north of the 

show no change i n  inineralogy or   s ize  of grain. 

Topographically, the quartz monzonite presents a somewhat zq-*r 
anomalous picture. North of the Endisrn fault, its eroded sur- F-i4 

"&-@ 

face forms the highest paaks of the range while south of the t d - i r r  

f a u l t  the plugs have been largely reduced t o  low rounded h i l l s  vw l q w  

1 4  

A 9+ - 
of l i t t l e  relief which merge smoothly with the gently sloping * /  & ,- 

e&-,.>- 
$ .  

.rM 

flanks of the range leading t o  the Apache Valley. This de- J-&..-* 

scriptlon  agplles equally t o  the monaonite faciea. Both  rock 
dJt c 

types tend to erode to  a gravel-like talus  along their steeper 

slopes. 
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The quarts monsonite  porphyry is graylsh-pink to   peenish-  

gray In  color, It has a cryatalllne  texture  except a t  I ta   ou ter  

margin where the texture l e  felsitic to  mlcrocrystalllne, Pheno- 

crysts of gray feldspar and blpyramidal quarts; are vlaibla,  In 

krsnd apeclmena. In Chin asction, the rock  contalna euhedral to  

aubhedral  phenocrysts of  alkello and calcic  feldspara  In  almost 

equal amounts and lesser amounts of quarts  grains. The plagio- ;r $ 2  'I -, 7, '' L'I 

olaae i s  primarily andeaine with lesser atiiounCa PP ollgoalaae~ 

and albite. Plagioclase l e  characterlzed by typical albite and 

perloline  twinning, Other primary structures  involve  antiperthite, 

end Carlabad  twinning In  orthoclase. Hornblende with green  pleoch- 

roism occurs in  etuhedrel and bent  tabular prism8 up t o  2 mtn. i n  

length, B r m  pl€iocllrolc biotite I s  8 rarer constituent. The 

groundmass consists of a mesh of euhedrel and subhedral  ortho- 

claEe, albite, qmrtz, an8  oocaelonal  harnblende. 

I 
I 

~ . ~~ .~~ ~ - 

C" 

. .  

Accessory mlnerals  include both indlgenous and veined  mgne- 

t l te and pyrite, the latter being eapecially preponderant  along 

the sautbern margin of the stock.  Qthera  include sphene and rare 

xircon 

Alteration of the deuteric type I s  pronounced. The aecond- 

ary minerala ere muacovite derived from biotite alteration, and 

chlor i te  and oalclte from orthoclase and plagloclaee. Epidote 

i a  the most a m o n   a l t e r a t i o n  mlneraZ. Some of it is  obvloualy 

introduced. It is  moat prevalent along the barder zoney there 

it l a  replaced by magnetite. Other Introduced mlneralcs am 

~ a l a i t e ,  vein  quartz, and chalcedony. 
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The average  mlneraloglcal ~ o m p o ~ l t i ~ n  of the quartr monso- 

n l t e  as datarmlned from an approximation of three slides lndi- 

cates 40$ orthoclase, 30$ sods-lime feldspar, 20$ quart%, and 

IO$ ferroleagn%sian  minerals. 

PorDhsrltic  Rhyolite 

Porphgrltlc rhyollte,  the earliest of the Int;ruslons of 

.rhyolltla composition, occurs~prlmarlly am a series of thin 

dikes and a i l l a  on both sidea of the Sndlan fau l t .  It 1% later 

than the quartz monsonlte s tock  to  the north as It confalns numer- 

o u m  fragments of the stoek, It was sxaa preaumabty intruded  aftar 

contact mtamorphlsm had affected the &rea a$ It contains meta- ~~~~ ~ .~ 

’ cranaatisallI@*etone frae;aaents. 
, C ’ , <  . ’,,’ ,. LJW 

.~ 

The average th;lcknesm of the corngomite rhyollte dikes between 

the lndlan  faul t  and the quarts monzonite I s  approxirrurtet;e2y 500 

feat,  Variatlons from that average are due to   f au l t l ng  more or  

‘less perpendicular to  the rhyolite trend. The series of porphy- 

‘Pitla rhyollte Blkes Porn18 a oontinuous, somewhat sinuous  out- 

crop from a point east of the Ohapo mine, where It lm Intruded 

bg a rhyolite porphyry plug, t o  8 polnt come t h e e  miles west- 

ward, where it I s  abruptly Mrmlnated by the McKinley fault;, 

Along Its entlrar  length lt form@ the eouthern boundary of the 

quarta ntonlnonlte except at the extreme eastern end of the stock. 

The b lp  of the dikes ranges from vert ical  bo TO0 8.  Ano$her area 

of d ike  occurrence In  the Apache Hills i s  eouth of the Apache 

fau l t .1n  tha vicini ty  of the Apaah% mine, Xere, the rock, though 

otherwise slmllar In  megascopic and microscopic features t o  that 
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north of the Xndian f au l t  is charar)terixed by pronounced swirl- 

ing flow structures. The flows  probably Poue along fissures now 

occupied by the thick ser iee  of dikes. 

Between the Aprche fault  and the Indian  fault  numerous 

porphyritic sills and occasional dikee are exposed (See Plate 

2 and 3). PIany of these dikes are responsible  for the upward 

drag of adjacent sed1ment;s. In  addition, they contain sedi- 

mentary inclusions and fragments of qwtrr monzonite composi- 

tion. 

For the most par t  the porphyritic  rhyolite foras prominent 

ridge$ whlch uaually can be ident i f ied  wen fvom a distance. 

They generally have an orawe-red  surface where weathered and 

are l ight  greenish-tan where feeah. Their texture is  very 

finely  granular  to  cryptocrystall ine,  and where not cantarni- 

nated by breccia fragments they contain  only a few quartz 

phenocryst# , usually bipyramidal. f n  thin  seotion the texture 

my  be considered hgalopi l l t ic ,   In  that the rook contains 

ident i f iable  m . % h s  of' feldspar and quar tz   in  an almost F ,  
$lasay aurtrlx. The phenocrysts average 1 m, i n  diameter. 

They eonstl tute le58 thfm a q w t w  of the rook an6 consist 

of euhedral t o  subhedral sanidine, albite, and reaorbed quartz. 

The acceaeoFy minerals inclurle magnetite, zircon, and apatite. 

8er ic i t iza t lon  is pronounced and the mineral l a  common i n  vein- 

lets. One suoh occurrence shows sesricite along the aides of a 

veinls$ with colorlesu crystals of f luor i te  toward the in te r ior ,  

the latter in   turn  cut  by magnetltr, and epidote. The occurrence 

OS these contact; metamorphic minerals suggests that contact meta- 

morphic action oon,ntinued during and after the intrusion of the 

3 
p""-- < 
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I 

phenomenon.po1nte toward a source f o r  the metasomtising aolu- 

t lons Independent of either the porphyritic mhyolite or the 

quarts monsonite. 

2 
\ 

Felsites associated with porphyrltio,  rhyolite &re noted 

northwest OS the Sierra RZca sill. They are believed t o  be of 

the same period of Intrusion. Their petrography is analogous 

t o  that of later felultes dlaaussed below. 

MXDDXJi AND UPPER TERTXARI? IONEWS BOCKS 

Latlte Porphyq 

Latlte porphyry Ploua, togetheF wlbh rarer welded tuffs, 

Tom the frlnge of the northwestern p a r t  of the Apttohe Hills. 

The Wt presumably o w r l l e s  the unexposed erosion  aurfaae 

developed on the moneonlte porphyry fac ies  of the composite 

stoek as well as that developed on the Last Ohanae volcanlas. 

!the la t l te  porphsry  flows  can be separated frm the fine grained 

monsonlte border by the lack of epidote and aonaequernt absence 

of $reen  ooloration. The latlte flowa are overlaln an8 Intruded 

by roeks OS rhyol i te  compoaltlon. 

The letite flows form low rounded W l l a  ana knolls, which 

i n  appearance greatly rraemble %he earlier East Chancle volaanlaa 

both on the fresh and weathered surfaces. Only subtle color d i f -  

ferenaar  distinguish the two msgascoplcally; the latlfe l e  UBU- 

al;ty,gray t o  llght gray or light brown ana I s  only  Saintly 

porphyPltIo, whereaa the andeslte l e  dark v io le t  or dark brown 
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or black and I s  conspicuously abundant In phenocrysts. The 

contiguous latlte flows, half a mlle east of the Robins Camp 

on the trail t o  the Paulkner Ranch, show s t r lk ing  variations - 
a change i n  color from grayish-green t o  dark gray with a con- 

comitant change i n  texture between the two flows from a vesicu- 

lar, felsltic, and'viprtually  non-porphyritic  rock t o  a non- 

veslcular ,   fe la l t lc   rock  nl th  feldspar phenocrysts. 

The problem of estlmstlng  thlcknese,  either OS ltndlvldual 

flows or of the unit  as a whole, I s  analogous t o  that of the 

Last Chance volcanics: poor outcrops,  ecarrclty of flow  atruc- 

tures, and laok of' alear ly  exposed top and bottom contaots pre- 

clude  accurate meaaurement. A.probable minimum figure  for the 

whole u n l C  I s  250 feet, and 500 feet repreaents the maximum 

thlckneas. Some Individual beds were estab2ished t o  be about 

25 feet thick. The Interbedded  neldeb tuff a t  the Luna  mine 

was accurately measured t o  be 4 feet th2ck. 

Plve thin rsections of the la t l te  flows were examined. A l l  

contalned  almost  equal  parts of  alkali feldspar (aanldine and 

albite) and cala-alkali feldspar (oligoclase or andesfne). 

Sanldlne, a aomlnant phenocryst  mineral,  occurs wlth Carlsbad 

tminning end a peauliar navy extinction. It can be distinguished 

from orthocXi&lascs nhiah it SQ closely resembles by Its much aasrller 

ax ia l  angle. It I s  usually suhsdral cind ranges up to  2 nun. i n  

length.  Aibltizatlon of the  borders of the aanldine  phenocrysts 

l a  notable.  In the two Plow rocks mentioned above, variatlone  In 

compositlon keep pace with varlatlons  In  physical appearance. 

or: , 
" - - - I  
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I n  one flow, the mineralogy is characterized by  numerous  pheno- 

cryets which comprise more than half of the rock and consist 

andesine and oligaclase with subordinate  sanidine and albite. 
.- .~. ..... ~ 

I 
Pleochroic green and pria&tic hornblende is a minor mineral. 

Acceasor~r tnlnerala are apatite, magnetite,  and'pyrite. Amyg- 

dulea of chlorite,  quartz, and ca l c i t e ,   i n  many cases con- 

centr ical ly  banded, are prominent, Alteration is  pronounced 

and ser ic i t lza t ion  o i  the feldspar8 makes ident i f icat ion diP- 

f icu l t .  The hornblende is a l te red   to   ch lor i te  and magnetite. 

Introduced  vein  minerals  include quartis and caloite. The 

other flow consiats of dominant phenocryst8 of sanidine and 

albite with minor oligoclare. These phenocrysts oompriae less 

than a t h i r d  of the rock, Hornblende is oonagicuoualy missing 

from the second flow.  Accessory and introduced  minerals are 

alike i n  both Plows, but the al terat ion,  though similar, Le 

t e ~ s  marked than i n  the first flow. BoCh flows are character- 

ised by a felsitic matrix of aanidine and albite microlitha 

and lathe. 

A surmaary of variations from the ea r l i e r  flow to '  the later 

Slow indicates the following: change i n  oolor and texture, de- 

erease or amygdylera, decrease i n  number of phenocrysts, sl ight 

increaae o f  plagioclase feldspar', and less intense  alteration. 

O t h e r  a l ides  of the lati te Slam a lso  reveal sl ight but 

discernible  dtSferences. These variations ape mineralogic and 

textwal i n  nature. The latltdt i n  the v ic in i ty  of the Luna 

mine im abundantly  porphyritic and most closely resemble0 the 
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andeeite and basalt Slows t o  the east. Textwally, the rock 

has a pllotaxi t io   metr lx   in  which are embedded phenocrysts of 

orthoclase,  oligoclase, and andesine. O t h e r  differences are 

noted In  the lat i te exposed-in  other areas. For example, the 

flows examined i n  the area between the Robins Camp an8 the 

Donaldson  Ranch were Sound t o  be  somewhat r i che r   i n  quartz 

than elsewhere and i n  them biotite i s  an  important minor con- 

s t i tuent .  Some flows are markedly porphyritic, more than 50$ 

of the rook being compored of phenoorysts; other flowe contain 

lees than 1% phenocrysts. 

Xn general, the quartz-free latites have a more or less 

oonsistent oompositlon with some variations. None is mega- 

scopically Slow banded3 however, i n  a l l  the thin  seotions ex- 

amined, subparallel  alignment of the feldspar  microlithe was 

notioeable. 

Incompletely welded tuffs are soaroe within the general 

sequanoe OS lat i te Slows. The best exposurea occur a t  the 

Luna mine where proupect pits reveal  thin  tufSa  exceptional  in 

belng s t r ikingly banded (Pigure 4). The blue-gray rock is part- 

l y  porous, mdlerately Sriable, and dotted with angular  quartz 

phenocryats,  Fetrographicklly, it oontains glass, quarte, 

orthoclaee, and ollgoclase i n  8 par t ia l ly  devitrisied Slow- 

banded matrix OS glass and~quartz.  Alteration was partiaularly 

intense and produced chlorite,  limonite, and oaloite. This rock 

is apparently more s i l i c i c  than other latite rooka i n  the area. 

Thu6 immadiately  south of" the Donaldson Ranch there are flowe 

whioh have the more ueuel latite mineralogy but  contain  mic~o- 

phenocrysts of quartz composing lO-l!j$ o f  the rock. 
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RhYollte ciroue , .  

Oener&l Surslllary 

The assorted  rhyolites of the Apache Hills and Sieira Rica 

are by far the moat abundant end cer ta inly the most varied of 

any of the igneous  rocke 'of the ?#hili d id t r lo t .  The var ie t ies  

range from an  early sequence of porphyritic  rhyolite  dlkee and 

stlls t o  a later sequence of rhyolite porphyry dikes, flowe, 

pyroclaatics, ana )elsiterr. The second group of rhyolites was 

preaided by lati te slows, extruded upon the erosional  stirrace 

developed on the mon%onite stock. Each rhyolite aeguence or  

faa les  is given separate treatment, the oidest porihyrit lc 

rhyol i te  having been previouslly discusred. Apparently, the 

Sacies of 6aCh such aequonrra represents a t  once a time and a 

textural   unit .  The varying rock fac ies  of the second group are 

discussed below i n  chronola@ic  order, the oldest  first. 

. .  

. ,  

Rhyolite Porphyry 

Rhyol%te porphyry intruaives  usher In tho last  volcania 

cycle  (aside from the Pleistocene  basalta) that affected the 

Apache Hilh. f n  general, they ocaur as a series of closely 

spaced dikes or plugs traverezng the older'volaenlca and in- 

trusives. I n  hpaahe Valley a tbepie,Bpi of dlkes  comprising two 

wide banas outs the preexlattw'  LSSC Chance volciantcs. xn 

the vicini ty  of the Queenr Taste and Luni mines, laolated dikes 

and plugsr traverse earlier monmon%te, quartz monmonite, lat l te,  

and andeeltar flows. Although oontacCar are rarely seen, the 
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later arge of the rhyolite is  evidenaed by the inclusione o f  

the other igneous  rock8 that it locally coneains. The intru- 

sive rhyol i tes  are in   turn  cut  or overlain by later rhyolite 

and f e l s i t e s  as lntruslve bodlea,  flows, tuffs, and breccias. 

Topographioally, rhyolite porphyrr dikes form low, rounded 

and elongated ridge8 whlch, though o f  low rellef, ere more pro- 

nounced than those formed by the surrounding  voluanics. Dome- 

shaped plugs ooaw northeast of the Mairland Mine while an 

IsolatQd plug$ of exglaslve nature i s  sltuated  near the inter-  

national  border a t  SW.1/4, NE.1/4* section 24, R,14W., T.295. 

Thin isolated si128 and dikes, analogous to  these expolred a t  

the Daisy mine (Plate 10) occur south and southeast from that 

mine, but they are  too emall t o  jus t i fy  showing on the areal 

WP 

Xn outcrop, rhyolrte porphyry presents a great dlvereity 

ln   co lor  and Cexture, and to  some extent mineralogy. In  calor 

the rock ranges from black  through v i o l e t   t a  pink, variants of 

the latter two being lf;s moat cotntnon shadea. The weathered 

surface l e  dark and' often similar t o  that developed on the in- 

truded valoonica. %xt;uzlally, the rock grades from a dense or 

very fine  grained variety, relatively free from megascopla 

phenoarysta, t o  one  which is f ine  grainsd and axtremely porphy- 

ritiu, Tha phenoarysta  invarlablg  inalude blpyramidal quarts 

and gFay feldspar. Minute aopper-colored b io t i t e  books and 

black hornblende prism may or may not be present, 

Occasionally rhyolite that Ha61 bleached white oucurti i n  

close  proximity to the more normal v io le t  variety, T h i s  rock 
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owes its bleaching t o  extreme serit%ciaatlon and kaollnixatlon 

of thh feldspar, partiaularly  plagioclase. A t  the Queens Taste 

mine, the altered rhyollttes.have 8ePVed as localifiera for ore 

solutions,  although  in  other areas where they are gresemt ore 

deposits are lacking. 

Xn thin  section, the rhyol i te  porphy~y consists of pheno- 

crrysts of quarts, feldspar, hornblende, and bioti te i n  a fine 

grained f e l s i t i c  grbundmsss.. Phenocrysts  averaging 1 t o  2 18111. 
i n  diameter account for a&w?oximately 504% or more of the rock. 

The moat abundant  phenocryst is  quarts, i n  many aasaa corroded. 

The feldspar inaludes euhearal t o  subhedral  sanidine and plagi- 

oalasa  in  almost equal amounts. The plagioclase i s  albite for 

ths most pa r t ,  though oligoclase rarely ocours. The feldspar, 

l i k e  quarts,   also exhibits market3 resorption.  Biotite  occurs 

i n  amounts ranging up t o  3% of $he rock  but my  be ent i re ly  

lacking in  #ome speoimens~ th i s  hold6 aleo for hornblende, 

which has the aharacterist ic brown  plrrochroimls of  oxyhorn- 

blends. Aaceaaory minerals  includd magnetite, apatite, and 

zircon, the latter two aommonly causing  pleochroic  haloes i n  

biotLte. The wtir,rix i s  often oomposed of an almost unvecog- 

nintable matte of aanidine microl%ths and intereertaf  quartz. 

Within a 8ingle thin  seotlon the texture of the matrix varias 

froin oompletely glassy t o  holocrycstalline, 3En the mawix of 

the latter type minerals can be readily 3,dentlficd.  Deuteric 

a l te ra t ion  i a  ialrly intense and c lear ly   d i f fe ren t ia l  for 

plogiaclase  phenoirysts are maFkedly affected  in  preference 



.65 

t o  sanidfne. The alteration  mtnerals  include  calcitm, ohlorite, 

reriotte, rtid kaolin.  Secondarily  introduced  minerals &% 

qtrartx, 'sidczaite, and calcite.  
. .  . .  

~ . , ,  

Felsite 

Felsitku rhyol i te  o f  sir&ul& Sleid appearance an8 mineral 

composition  'chops  out in Uiftemnt places  throughout the Apaohe 

Hills an8 Sierra R i c a  'and ' i i t h  only &no exciption uan be as- 

rlgnad t o  5n aga ekrliei than tha rhyol i te  'flowa and pgrocslas- 

tics. Numerous s e l a i t i c  dikes' ani plugs, '&ny tao smli io bs' 

indtcated on the areal map, occur  intruding a11 the preexisting; 

eedimntary, vOlaanic, and intrusive roakl). Xn the norrthern 

par t  o f '  thk Apache Hil16, they coaanonly oocur' 8s thin dikes 

i n t m l v e  inCo larger rhyol i te  p a r p h y  dikes. They haw no 

topographic exprrsrssion but are mapked by conepicuoue white 

sirmoue streaks traversing the enclosing  rock. 

I .  , .  , I .  

. .  

, ,  

The felsite Is generally wMte t o  l igh t  tan an118 usually 

porcelain-like. IL is very f ine  gralned and generally  now 

porphyritiuj but 0me is porphyz-itio  ana  oonterins rare, q k t z  

phenoarysts. Xn many places, the borders OS the intrusives 

show poorly  developed Sine and del icate  sheeting, further 

emphasized by parallel t o  supbarallel limonite, streake or 

bands, Some of  the dike6 have peculiar minute red apota which, 

i n  past  ac laast, represent  limontte pseudomorphs after pyrite. 

I n  thin aebotlon, %he natrlx texture is partly mlarographic, 

in part spherulitic. X t  eonalats of quart& and saniWm micro- 

l i tha,   together wfth aer io i te  shreds. Phenocrysts up t o  1 m. 
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i n  maximum dlameter @re present but extremely rare, the only 

ones  noted being quastsr, aanidine, albite, and biotite. 

Zircon I s  on occasional  acceseory mheral, Usually those 

rrpeoilaens contrlnlng  quartz phenocrJrst8 lack phenocryst8 ot 

&her minerals.  Sericltisation of faldapar ghenecrylrts and 

rniaroliWts is notablei biotite IS a ~ t a i l a r ~ y  affecrted. some 
of the red apota mentioned above can be stt;ributed to  the 

limonite staining of ssriai%e that 0urrounda leathery apheru- 

l l t ea .  

Some f@l%lte bodies were the routes  for  ore  solutlona 

and have i n  par t  become minerallaed. This l a  I l lustrated a t  

the Chrlstnae mlne (Plage 16), where veins   in  the f'eluite 

dikes have been worked for the i r 'o rd  contenth Some of #e 

proapects  near the Wet  Chanadc mai'rie (Plage 14) have rainor ore 

deposi ts   in  the 8ndeEite  flows  prsauiably  genetioally related 

t o  the naarbr felaitxt dikae. 

A low grrsvclly ridge just north of the Donardson  Ranch 

and extending  southeast toward the Paulkner Ranch i s  almost 

wholly composed of a th in  series of rhyol i te  flows and two 

interbedded latite Tlowa, each three f6et  thiok, This sequence 

of flows di reo t ly  ovarlies the older  unit  of latite and minor 

tuf'fa previously describe&. Overlying the rhyol i te  flows are 

occasional ItrOXated exposurea of a subasquently  extruded  quart% 
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'latite flow. The rhyolites f lous also occw as:& nlnglle expo- 

sure covering the mart Chance.andeaites  southwest of the 

Queens TaBte mlne. The thickness of the rhyolite  flows Is 

estlmmted l?o be 150 t o  200 feet: 

The fresh roo& if$ l lgh t  blue-gray i n  color and very fine 

grained, T t  I s  aarked by delicate,  only 81lght;ly contorted 

flow lines, BO rine &nd so closely spaced that the distance 

bctueen esch band is abouc 1 mm. or lesa. The band8 are.re- 

markobly pr~rslstent  along the entire length of  exposure and 

commonly burrow& and embay mlnute  fragments. The upper fen 

feet o f  the flow has more widely spaced  flow l ines  and here 

the orientation of q w t e  and feldspar a rys ta l s  is more 

prominent ' ihan keiow. Quarts stmfngers w o w  parallel t o  the 

flow lines. 

Microscoploally, the texture fa  generally glassy and par- 

tially 6evitrlSibCpI to  quart= and feldspar, Elongate  clusters 

o f  6pherulltes 0.1 t o  0.2 mm. In  diamaker follow the general 

Ilneation. The Pock is ordinarily  non+porphmitio with the 

exoeptlon of the upper few feet.. Phenoarysts averaging 1 mm. 
i n  diameter Inalu8e partially resorbed quarts, asnidine, 

albite, and a few olfgoelase  indlviauals. Ehxacorlte is Pare 

a@ a phenocryst. P g r i t e  is a common acceasrory mineral. 

mutetrio mlneraX8 include  chXortte,  aerlcite,  kaolin, and 

epldot6  fn specks.  Minerals in the veinlets me chsloedony, 

quartz, an8 aaloite;  there uaually  follow the Incipient  l ines 



of fracture  offered by the flow llnes. 

The interbedded latltt, flows occur in   isolated beda, two 

ar three  feet   thick,  fn outcrop, they are  black  to dark 

purple In  oolor,   f ine  grained,  but  c~ystoll lne,  and contain 

few phenocryets. They differ from ea r l l e r  latter flows i n  

thelr comparative lack of phenocryata, somewhat larger grain 

alee, darker  color, and lees   a l tered appearance.  Mlcroscopio- 

a l l y , '  phenocrysts comprise l ssa  than t$ quarter of %he rook. 

Ther ere embedded i n  a hypocrlyatalllM  gromdmaa, and are  

generally 1 !tun. or leas i n  dlbnt8t;ar. They include srnnldlne 

together wlth a lb i t e  an4 subordinate  oligoclase and rare  atoned 

plagloclaee. SanSdlne an8 plagioclase  oonstltu%e almost equal 

amounts of the   tofal  rock. Blotl te  f lakea,  greatly al tered,  

are  lers aommon phenourysts.  Magnetite Is the only  accessory 

mitneral. ??he matrix l e  largely glassy except ror numerous 

ssnldlne  microlithe end minute quartz crysCa3.8. On the whole 

the  rock l a  aomparatlvsly  unaltered and the feldrpara  are 

only sl&&tly and lnclplentlg  sar%cltised,  Seuondary mSnerala 

lnclude  cslcltie and quarts. 

Rhyolite Tuff 

Rhyolite tWE 1s exposed as an  Isolated band, half a mile 

wlde a t  I t a  wexlmum, east an6 southeeat; of the Queens Taate 

mine* T t  1m definltely younger than the rnndealte flaws to   the  

west and older  than the rlayolkte breccla wlth whlch it 1s l n  
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direct oontact. No dl rec t  evldence of the re la t ive  age of the 

tuff I s  avallab1e.but it presumably cover8  the  rhyolite flow8 

t o  the northwent. 

The turf has a varled phgsilcal appearancer A t  i t s  top, 

d i rec t ly  under the  breccia, it I s  a part ly  porous, fragmental, 

and friable rock whloh forms a gravelly exposure rather than 

a sharp, weIl delfneated  outcrop. The rock is l l gh t  colored 

a d  srppears altered. Angular pumlce and quarts fragments are 

abundant.' Ths we#tern bosders o f  thacuntt ape violet th 

color, colapaat, d ime,  and unaltered. FtragaIents are scame 

and are  usually QhhlpS derived from rhyol l ts  pOPghYrY d2kea. 

Thfa secttion of. the uni t  may be ' oonsSdered a wholly 'walded" 

Cuff, wbile that . to  ' the %a#t is InrJomplsteZy 'w6lded". I n  

oonueqwncre the western edge Ma a 8omewhat higher relief due 

t o  I t a  more thorough welding and  henoe greater resistanoar t o  

eros2on. 

A8ide from th6 abov6, In thln seation,  the Cwo variet ies  

are similar. They contain varying amountkt of &8sQPted $rag- 

sant r  (as much a8 4 t o  5 mm. i n  diameter) of pumlce, quarts, 

mwoovlte,  biotite, albite, aanidlne, and  eoned plagloolaae 

i n  a glossy matrix that &a part ia l ly   davi t r l f led and spheru- 

l i t i c ,  The matrix conslat of glsss ebrds, dust, an8 pumloe 

fragmrnts more or less compressed, fused, and devl t r l f led ,  

The shards are  @asily  Identified and are  usual>y narrQw, 

attenuated, and dmperfectly  aligned. Some apecdmens show 

, , 

. ,  .. 
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buokling of shreds around  fragm6nts. Spherulites of 0.1 mm. i n  

diameter are conimonnl I 

Bevi t r i f ica t ion   in  the tuffs I s  eoldsnoed by f ine  cr le to-  

balitrr fibers growing inward'Prom.attenuateb slumla and by the 

presence of feldspar mloroliths ant3 specks $23 the mstxtix. 

Rhyolite Breccia 
, .  

THo.Copographica1Xy prominent red Bow6 of rhyolite 

breaois form the northern bordetr of the western part o f  the 

Apache Iillla. The doma  probably  represent the o r i f i ce s '  

through whtch the breocia was exploded and.extrudedr A l i ne  

dram between %heat e r n  be theoretically extended  aorosa 

Hachlte Valley t o  the Coyote Hilis, the norOhern group of 

h i l l 8  coraponlng the Litt le Hatohet Mountain#. Along this  l l n e  

westward i a  a more or l eas  continuoua %one of'weakness. 

The rhyolite  breccia has s deep iron-rad  color, and  con- 

ta ins  abundan.t includions and fragments of glafm, chert, quarts, 

iSldSpm, and occrasionsl pyrite. Rere apharulltes  aa much as 

half en inch i n  diameter we arm nofml. 2he domes am devoid 

of flow s t r u a t ~ e a  excep% a t  the outer margins, which possess 

incipient swirling flow Zlnes  indicating .th&L the 'breccia was 

somewhat more f l u i d  along Its thZnnerz outer  borders. 

Microaooplcally examined, the rook i s  composed o f  more 

than 60$ phenoaryata an& fragments i n  B glassy groundmas 

that Ir InaoxrrpleteZy devitrified t o  guarrte, Spherulites 



occw  skoradlcally~ Among the lndluslons are angular and 

fractured gla88, quartzr aanldlne, albite, end Conslderable 

p m c e ,  ' Such rragments rangi In size from 0.5 t o  & rmn. 
smaller oryeatels of blotlte, plagiociaae, Bna sanidlne Dlre 

a lso  common. ' Magnetlte, pyrite, and ' alicabn 'are acoessory 

minerals. fron oxlae sterlnlng $e par t icular ly  prevalent and 

has deeply colored the glaesy grounamaaa. The phenocrysts 

are generally  unaffeated. The Only elgnlf lcant   a l terat ion 

noted was the 's l ight serlait+t;_fhation of %he feldapar pheno- 

crgats. 

. .  

guarta Lat1q 

This unit ,  only looally developed,  repcesent,m the lase 

epoch of Tertiary vulcanism i n  the Apaohe HI13s. Xoolated 

exposures of one or seveval quarts latlte flows occur In  %he 

alluviutu overlsing the gravrslly rldge 0P rhyol l te  Plows In  the 

northwrrrtern p w t  of the range. Aetuarlly, only three outcrops 

of quarts latite were noted,  each Xes8 than 50. feet I n  dlameter, 

no that their rrppearance is aqmewhat exaggerated on the areal  

map. I n  the hand spealmen the rock &s dark v io le t  t o  black and 

finely  cryslmlllne and aontaina numerous feldspar phenoorysta. 

Mlcroraopiaally, It i a  composed of  phenotlryats whlch,make up 

about 30 eo 4% of the rock,' endZoded i n  8 f e l s i t i c  ground- 

maas of parallel to.  ~ubpara l l e l  feldsprii. laws and in te ras r ta l  

quartlr. %e dominant phenocrysP;e, ranglng i n  slse from 1 t o  

, .  

. ,  . . , .  . . .  1 ,, . 

. ,  . 
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2 are  partly reaorbed quarts and euhedral  sanidine, 

a lb i te ,  and rare  ollgoalase. Zoned plagioclaae  phenocrysts, 

consisting of andesine  aoren and a lb i t e  rims, are  fairly 

comon. Brown b io t f te  fs a rare constituent.  Alteration is 

pronouncedr the  feldspars,  particularly the plag%oclase,  are 

g r e a t l y   a l t e r e d   t o   s e r i c l t ~  and ca lc i te ,  The bio t i te  has been 

srwrely  l imonltlsedr Quarta! and oa lc i te  hsva been introdwed 

since 8olidliP~caCion. 

Aside from a lar&er  quarts  eontent, the quarts ratite 

both  mdgascopidally and mlcro6copLcally alosely resembLen the 

latftes interbedded with the underlying rhyolite flow. A l -  

though the quarts l a t P t h  has been clasr l f led a ~ )  a separate 

unit, it oouXd be juntifialbfy  placed wlthin the  ear l ier  rhyo- 

l i t e  group, 

Dike Roaks 

m e r o u a  dike8 are  scrattered  throughout the Apache Hills 

and Sierra Rica. They include  rocks that are felsiCes, 

traehyterr, and lamprophyrcr,. Felsites were discusaed in  the 

aecrtion aevoted t o  the  rhyolitea  sinae thelr relationship with 

that group can  be definitely  establlahed, me other  Intruaives 

present . a  more d i f f i c u l t  problem for  they  bccw  within  the 

hetaceou8 sediments and aannot bo aseigned t o  any specific 

i&$news sequence. 

lidany of the dikes are  too short t o  permit thelr indica- 

tion on the   meal  map, A l l  dikes longer than 50 fee t ,  
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regardless of width, were mapash, even  though t h l s  involved 

some width exaggeration. S m  dikes narpped are only 10 feet 

wlde or less. ContlnulCy I n  trend, despltra concealment under 

cover was a l so  deemed an lmportait featwe. Thus, aom of 

the fralaite  aikea half i mile west o f  the Qusens 'Paate mine 

were mapped becauaa b l  their $werally continuoua  trend, 

even though many individual  exposures  are less than 50 f ee t  

I n  lengtih. 

Lamprophwerr 

Only two lamprophyre Intmisions we exposed I n  the Apache 

Hllls. One Is a rmlnuous 'sill only 5 f ee t  -%hick near  'the Ford 

prospect. The other 183 a dike cutt ing the Red Bed  member of 

the Howells Rldge formation  near  Border Po86 No. 38. This 

dike  trends aouthward into Mexico. 

The rocka of the two lamprophyrlc  lntrusionrr  resemble 

eaoh other  physldally. They w e  dark gz+eenish-gray, fPne 

grained and spel?MeB wlth hornblende  needles.  Microsaoplc- 

ally, the n l l l  i s  composed of blaak hornblenda, prlams with 

market3 brown pleoahro%8m and feldapar oryatala In  8 f e l a i t i c  

watts of slender needles of hornblende and feldspar micro- 

, l i t h ~ .  The feldspar phenoorysts  aonslst of zoned plagioclase 

with andeslne cores and a lb l t e  or oligoalase rims. Accessory 

mlnerals Include  sungnetlte and apati te.  The Eeldagars are 

altered t o  r s r l c l t e ,  ohlorlts,and calcite.  From the polnt of 

view of mineral composition the  rock Can be considered a 
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Sm8MWt%t@. 
1 

The dike rock hae a similar matr5x of f'81dapar and horn- 

blends but with l e s s  Calcic feldspar than I n  the ai13. The 

euhearal  phenocryats  are primarily albltte and orthoclaae wlth 

rare  oligoclase. Hornblende prism8 wlth,brown plt?ochrolsm 

pce likew$aa  pronttnant. Accessorlee  Wclude  magnetite, hem%- 

tite, and chlor i te$ feldrpws are Qonvertmd t o  ahlorite,  

c r la i te ,  *nd seriolte. Beaause o f  tts more falsi@ compoai- 

tlon thia rook  can be clasr l f ied &a at vogeatter 

Traehyte Porphymt 

TrnchyLe p?rphyry, preautnabXy early  Tertiary Zn age, 

oocws as th5n diiraa and silla int~u~ins,mnbex?(l  of th6 Howell6 

Ridge formation, gartlcularly the upper  L+nwtone-Sandstone 

mmber. Southqast of the Daisy mine an8 lmediately west of 

the Luna-Hidalgo county line, ieolatea dike8 an8 some sills 

with a m w l m u m  thiomesm of 15,feeC and an average length of  

about 50 f e a t  OGOW i n  the above member. Ths ridge wesC.of 

the WcKlnley fault; contain. t a lus  fragments of hornblende 

trachyte but no defini te  dikes were noted. Other aveas of ex- 

posure  include  sectlon ?, U.14W., T,29S., where tyaahyts si110 

have Zntruded  Pannsylvansan llmsstoneb of th;he,.expoasd kligpe. 

#a absolul3e proof sx l r t e  88 t o  whether the intrusion wua 

e a r l l a r . o r  lat;pr than 1 ,  , , . .  the thFuat2ng. In the monaonila facries 

o f  the stock, isolated; somewhat rounded xenallths . . . .  were ob- 

serve8. 8om meaqwed over 100 f e e t   i n  dlamctFer.but others 

lWilllams, H.L., !PurneP, P.f. , and Ql lber t ,  C.M,~ 91954), 
PetrcagmpW, W.H. Freeman and Co., San Franclaco, p. 8 . 
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were only of boulder site. They were usually very fine  grained 

and nongorghyPltic i n  outcrop, although i n  t h i s  section altered 

phenooryets are abundant. They could  only be dlstlnguluhed 

from the monsonlte i n  the field on the basis of their nonporphy- 

r l t i o  character. Other outcrop8 of trachyte are fndioated on 

the areal map, although several leaear dikes have not been 

plotted becauee many are too shor t   t o  be shown on a pap of 

that ettale, . ~; 

I n  outcrop .two types of trachyte could be distinguished, . ,  , . . . '  

One oocwe  In the vicini ty  of the Apache  mine, where the 

traahytlc  talus remnants are light t o  dark green. and very l lne 

grained, and contaln hornblende  nesdlea with long  dimensions 

parallel or nearly so. The othtp type is oharacterist lcally 

dark green and aonCarlne egldotised feldspmr RhmOCryat8 em- 

bedded In  a f e l s i t i c   g r o u n d ~ s s  . Bornblenae is less common i n  

the second type,  The two types of rook are mlneralogioally 

8imllar except for the relative qWntity of hornblende. 

. ,  . I  

.~ 

fdlcroscoploally, the Pock contafns B finely  granular mas8 

of euhedral t o  subhedral  phenocrysts of albite with subordinate 

amounts of orthoclaae, The matrix  contain8 higher proportions 

of potash feldspar 8nd conaleta of' muah orthoclase wlth rare 

albite; It has a dlst lnct ive  t raahyt lo  texCura with elongated 

laths of feldsper, pwallel or obliquely QrOS0ed. Hornblende 

In varying amounts occurs i n  crystals up to  3 mm. In  length 

w i t h  typical amphlbale cl8amge, polyaynthetic twInnlLng,and 

green t o  green18h-bPO~n plmchrolsra. The aooessory mlnerala 

Include apatite and much magnetite. 
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Alteratlon I s  very marked and eepeclally noticeable  In 

the phenocrysts, partly, perhaps, becaubs their quantity l a  

larger than that of' the matrix. Indeed, the albite and ortho- 

olaae  phenocrysta are in   p laces  so completely ctranged a8 t o  

be almost beyond recognition, The comon  feldepar  alteration 

products  Include  aerlcitx+,  chlorite,  calcite, and epidote 

(pietaci te) ,  the labter two  mo$t prevalent. Hornblende is 

a100 commonly Qonvertad to   ch lo r i t e ,  hetnatite,and epidote. 

The domlnant dark ween  color o f  the rock I s  undoubtedly due 

t o  the pronounced  and Intense  deuterlc  epidotlrsstion. 

Keratophyrs (Albltlrsed Trachyte) 

A varletion of the normal trachyte  deecrlbed above appear0 

a t  the International mine where three sil2e, each  about 5 t o  15 

feet In  wldth and 50 feet or lees In  length,  occur  In the Red 

Beds member of' the Howella Ridge formation In  the lmedlate 

vlclni ty  of the Xntenatlonal fault (map of Inebrnatlonal mine, 

Plate 11). 

!The keratophpre expoeed there I s  dull  green, dense, and 

felelt lc and contalns promfnent phenocrysts of whlte altered 

f%ldsapr and occaalonal quarts. As men  in   thin  aect lon the 

textwe of' the matrix is subtraahytlc and conalste of identi-  

flable rrubparallel feldspar la tha o f  axbite and orthoclase 0.1 

t o  0.2 mm.' In  length. 'ke ferromagnesian matrlx  minerals  could 

not be Identified. The phenocrysts range frorm 1 t o  2 mm.5 they 

crompoeb about half' of' the rock and consfst of albite and 01%- 

goclass with subordlnate  orthoclam.  Apparently @om of' the 
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ollgoclssa crystallr have been altered and converted do albite. 

Qralns of a ferromrgpealan mineral posalbly augite OF horn- 

blende, are total ly   ghlor l t lasd ana Uefy recognltlon. Quarts 

otcwa as pmtlally resorbed  phenoaryets  but  constltutea no 

more than 2% of' the  rock i n  any rrample. Aoaesaory mlnerals ln- 

~ l u d a  much Pragnetlte anci rape apatite. 

Qeuterlc awl hydrothermal altelratlon I s  atrlklng srnd 

chlor i te  end ca lc i t s  Mave replaced  any Mitlla a n e r a 1  that may 

have been orlglnalty  present.  Ohlorlte  In  turn has been oxi- 

dlsed t o  hematite and limonite.. Other alteration  prooesree  ln- 

o1w.l~ ~ e r l a l t l a o t l o n  and kaolinI%atlon of the feldspar, mainly 

plegloclsse, 

The al terat ion  pat tern In the krsrataphgre i a  peculiar  In 

that epidote i s  completely lacking whereas i n  the trachyte it 

I6 very plentlfluZr Thllr l a  the sole  exception to  the general- 

lsatlon  previously made, that early Tertlary rocks  alone me 

charaoterlaed by 8pldOtlSat9Qn. The keratiophyrQ, doubeleas 

closely allied t o  the trachyte i n  composition and tine of  

ln%A*usion, Mould be expected $Q reflect analqgcrus a l te ra t ion  

condl.tIon6. The cauuo lor the qonaplebe lack OS apldote   in  

this inatance, tsvidenbly Involving a ohange Zn the al te ra t ion  

f luids  emanating from the mappns, I s  not  apparent. 

PIiF;XSTOCE€?E TffNEoVS ROCKS 

Basalt 
_I__ 

The youngest lgneoue rock In  the Ap&ahe H211a and norWaern 

$terra Rlca I s  the baralt flow which saps ar flat-topped mesa 



78 

near the Southern  Paclflc  Railroad two miles east  of Nachlta 

(Figure 5). Isolated  exposures of baaalt  also  crop  out i n  the 

alluvium just   north of the Donaldaon  Ranch. The flow lies I n  

the a l luv ia l  gravels mantling the drainage area between the 

Apache Hills and the Oeaar Mountains, f t  represents the last 

event In  the Igneous history of the  region and i a  comparable 

In age and l i thology  to  the "malpals" basalt so widespread 

t h r O w h O U t  New HeXiCO.  

In outcrop, the basalt l e  dark red or brown t o  black, 

crystall ine,  f i n e  grained,  nonporphyritlc and particularly 

vesicular at the top, Some of the veslcles  are fllled with 

chalcedony; others  are empty. Microscopically, the rock con- 

sists of we13 developed andesine and 1abrBdorite laths; usually 

averaging 0.3 mm. i n  length, scattered  throughout a nlatrlx of 

anhearal to  subhedral augite, the whole giving the basalt a 

characterletic  poikilitic  texture.  Oenerally the augite occws 

In  large grains up t o  1 ~1x11. In  Blameter, many of which enclose 

several labradorite crystals. Zoned plagioclase  aryatala alao 

appear aa rare phenocrysts. Abundant o l iv ine  crystals, gener- 

ally euhedral  but  partly  corroded, form phenocrysts  nlthin the 

plagioclase-augite mesh. Acceesory mlnepala Include magnetite 

and sphene. 

The fresh character of the baaaft is Indicated by the  fact  

that the plagioclase laths are completely in tac t  and that some 

ol lvine  crystals  are only s l igh t ly  altered along the edges t o  

Iddingsite,  pleochroic  In brown. For the most part, the ollvlne 

has sharp boraera and clear ly  hexagonal outl ines  in  section. 
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QUA’ERNARY SISDIMENTS 

The Apache H i l Z s  and Sierra Rica contain many thick de- 

posits of sand, gravel, and clay. For the most part these am 

confined t o  the wide playas between adjacent ranges, notably 

Hachita  Valley a d  the Mimbres Bash .  The deposlts i n  the 

centers of the playas consist of  shif t ing sand and silt which 

may form small dunes against the clumps of mesquite and other 

plants. For a more detailed diecussion of the  oharacter of 

the bolson  depoeits, the reader is referred to  A.T. Bchennesen, 

U.8. Qeological Survey Water supply Paper 422, 1918. 

, .  

.. ,. , : 

The thicknese of the sediments i n  Hachita Valley is un- 

known but le a t  least more than 800 feet. This  figure was ob- 

tained from the railroad  well in Hachlta, i n  the center of the 

valley, one mile west of the town. The well Is aonfined en- 

t i r e l y   t o  unconsolidated  sediments, The thickness of such 

sediments is variable, because,  although the top of the allu- 

v 1 u m . i ~  a well developed  pediment  surfpIce, the bottom surface 

is highly irregular  insofar as ieolated  knolls of Pennsylvanian 

and Mississippian limestone  occur i n  Hachlta Valley. 

me sediments i n  the bolaons  cannot be ‘easily  distinguished 

from the younger alluvium which mantles the playa between the 

Apaahe Hills and Sierra Rica. The areal map (Plage 1 )  makes no 

attempt t o  distinguiah these two kinds of alluvium. A s  bounda- 

r i a8   a r e  largely gradational and def ini te  ages cannot be estab- 

lished, the valley f i l l  of the playas, the younger alluvium of 

the  ~treama and pediment mantle, and the talus  deposlts are all, 
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Figure 4 

Flow structure in a welded t u f f   a t  a  prospect 

pit  of  the  Luna  mine.  The  thickness  of  the 

bed here  is  four  feet. 

Figure 5 

Basalt  mesa east of Hachito . .~ ~~ - .  . 

1 

- . 
i 
L 
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classified here as Quaternerg  alluvium. The younger alluvium 

consists of boulders and cobbles of varying siaee and degrees 

of sphericity, intermlased with coars@  grained sands and 

gravelsr Such is the s i tua t ion   in  the steeper portions of the  

stream valleys,  but a progressive reduction i n  gradient toward 

the valley  signals a corresponding  increase of f ine r  material 

such a0 sand and rrilt. 

An approximate measurement of alluvial  thickness is  given 

i n  Table 1. 

LOCAL AND REQIONAL COMPARISONS OF XQNEOUS ROCKS 
AND ASSOCIATED MINERALIZATION 

It ahould be noted here that the igneous aequence i n  the 

Apache Wills end Sierra Rica conforme t o  the generalization ex- 

pressed by Butler1 and o thers   in  regard t o  associated  mineral- 

ization for the western part of the NorCh American continent. 

The generalization  holds that the Tertiary  igneous rocks fol-  

low a t r i p a r t i t e  succeesion; the ear ly  Tertiary igneous rock$, 

predominantly mafic i n  character, are succeeded by middle and 

late Ter t i a ry  intermediate t o  sl l lc ic   intrusives   including 

monzonite and quartz monzonite stocks,  rhyolite and subordinate 

Iatite. These in turn are followed by the mafic roeks of the 

Quaternary.  Important commercial mineralization ia associate6 

with the intrusion of mid-Tertiary  quartz monleonite and monzo- 

nite  stocks in the Apache HilTa, whloh Z$ l ikenise the case 

not only in  other d i s t r i c t s  of southwestern New Mexico, but 

hutler, B .S. (15133)~ Ore deposits of the United States 
i n  their re la t ion t o  geologic  cycles, %on. aeol., vole  28, 
pp. 301-308. 



a lso  throughout the Rocky Mountalne and Basin and Range prov- 

ince of the Unlted States and Uarxlco. !the Apache HI118 area 

differs somewhat from other nearby loca l i t i e s   In  that it lacks 

such early  pre-stock  mlnerallzatlon 8s tha t  a t  the Santar Rita 

d i s t r i c t ,  but It has weak post-stock  mlnsrallzat3.on  genetlcally 

related to   rhyol i te  porphyry intrualvea, Such later rnlneral- 

. l ra t lon  l e  of an age comparable t o  that in   other   local  mining 
. 
dlIbtr1cts  (Table 2). 

OEOLOQXC STRUCTURE 

INTRODUCTXON 

me Apache Hl11s and Slerra Rloa, though physlographlcally 

two wall separated ranges, we geologlcal3y  closely slmllar In  

s t raklpaphy and structure. The major difference between the 

two 1s one  of vulcanism and %he amount of regional  thrusting. 

In  general, the Sierra Rica represents the aouthern limb of a 

major antlcllne,  the axis of which trends  northwest along the 

foot of Doyle Peak and then west towcard the Occidental mines 

where the ax is  Ira exposed on the surface Immediately north of 

Border  Post No. 41. The Apaahe Hills repreaent the northward 

limb of t h i s  an t lc l ine  wlth the d is t inc t   posa lb i l l ty  *hat fur- 

ther gentle folds oocur i n  the valley between the two ranges. 

This probabl l l ty   ia  furthered by the an t lc l lne  an& syncline ex- 

posed just  north of the Apache faul t .  

Thta is a compaet are8 wlth a large suecesslon of struc- 

tural events, some of which on a minor sca le   re f lec t  broad 

reglonal  Influences whereas others are of s t r i c t l y   l o a a l  slg- 

nlfloance. I n  additLon t o  the  folds rnentloned above, other 



Lit t le Hotchet Mountains ' 

I Pleistocene 

Middle and 

Upper 

Tert iary 

and  ossocioted 
porphyry  and 
apl i te dikes 

Lat i te flows 
and dikes  Pyroclastics 

Pyroclastics Weak mineralizofion 

Weak mineralization  Rhyolite porphyry 
Quartz l a t h  Lotif e dikes 

dikes and plugs 
Lotite dikes 

and sills  and flows dikes  and plugs 

Ore deposits Ore deposits Ore deposits 

Granodiorite stocks Granite; monzonite, 
and * associated.  quartz manzonite,ond 

Monzmlte, quartz 

porphyry.  and 
monzonite stocks,and 

assacinted  porphy- 
apltte  dikes  ries,lamprophyre, 

ossocioted  porphyry 
dikes . 

Trachyte and 
. and apllte 

I /  I lampiophyre 

Diorite sil ls diorite intrusives 
Diorite and  quortz I L 

IAndesite  volcanics I _  Removed by erosion 1 Andesite and basalt 
flaws and dikes 

Basaltic volcanics i J 

Lower 

Tertiary 

Upper Cretaceous or 
Lower  Tertiary 

Lower  Cretaceous 

Table 2. Regional comparison of igneous  sequence. and  mineralization 
(Modified  after Lasky, 1947.p38;Apoche Hills column by the author) 
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structural   features  include high angle normal and reverse 

fau l t s ,  thrusts, tear  faults, fissure faul ts   re la ted  to  the 

emplacement of the composite atock, and normal.  vein fissures. 

The geologic map shows t h a t  a l l  the s t ructural  features are 

characterized by one of two directions - WeSt-nOrthUe8t and 

north-northeast. The longer  direction of the atock as well a8 

the strikes of the smaller orb  bearing  fisaures  illustrate this  

grouping. A s  a corollary, a l l  the available evidenee i n  re- 

garb t o  the major structures  apparently  indicates that, with 

" . . . - . . . . . ... . . 

the exception of the Apache  and Indian  faults, the west-north- 

west ones appear t o  be earlier. 

Deformation of the  rocks of the Apache Hills and Sierra 

Rica has produced three major long-trending  folds - the 

Oocidental ant ic l ine a t  the base of%he Sierra R i C a S ,  and the 

Msirland  ayncline and the Daisy anticline  north of the Apache 

fau l t .  The last two are   def in i te ly  asymmetric. and  the..^ 

Occidental  anticline i s  apparently similar although i t a  asymme- 

try is only exposed a t  the western  portion.  In  addition there 

is minor drag folding. A l l  the available evidence  point8 t o  

the f a c t  t h a t  the  folding  in t h i s  area marks the earliest local  

expression of the Laramide orogeny, probably  postdating the in- 

trusion of d ior i te  and quartz diorite, as evidenced by the 

d ior l te  s i l l  northeaat of Mawland mine,  which was folded  along ~ . . . .  

with-the enclosing sediments. Thus the folding tnay'be"'aai& t o  

have occurred i n  the interim between the intrusion of d lo r i t l c  
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rocks and the intrusion of the composite stock. Accordingly 

theme' folds  represent the ear l ies t   tangent ia l  Laramian pres- 

sures aifectlne; the Apache B i l l s . - .  

The axis of the Daisy ant ic l ine,  the northernmost of the 

three folds, ha8 a sinuous  trend. from a shallow draw imediate- 

l y  north of' Border.Post No. 39, aWVing wesCwar8 toward the 

Luna-Hidalgo county l ine,  where it is abruptly  cut off by the 

County fault .  The westward eontinuation OS the Sold axis 00- 

curs south of' the Daisy &ne  where erosion has followed the 

ax is  i n  a ahallow alluvirl-covered draw. To the weab, the ax is  

is terminated by rhyolite dikes intruded along the c res t  an& 

w h a t  is also probably the nom of the anticline. 

The ant ic l ine l a  fa i r ly   regular  with no minor folds  super- 

impoaed on the limbs. The plunge of' the fold appear& t o  be t o  

the went as indicated by the convergence of the Oyater Limestone 

'member east of Border  Post No, 39 and the looal convergence of 

ind iv idua l  Orbitolim-rich  limestone beds north of that  post. 

The fold shown i n  the Delay mine section suggestpl B convergence 

of the Skunk Ranch fanglomerate,  again  indicative of a westward 

Plunge, 

The Mairland syncline, of small- amplitude and length, i s  

abruptly terminated on its eastern end by Saulting-and on the 

west by an intrusive  rhyolite dome. No clear  plunge direction 

.is indicated  but it should be the converse of' that OS the 7? 
aasociatdd  anticlines. An eastward plunge~iis also suggested by 

thi'?ik& tha t  the thick  section of the &irnkstone-Sandstone 

member east of the terminating f a u l t  Is not  synclinallg  folded 

------"."_ 
LA,'! 
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but ha8 a fair ly  constant southward d ip  expressive of the 

southern  limb,of  the Palsy an t ia l ins  which would indicate 

termination of the syncl ine  pr ior   to  faulting, The syncline 

probably  extended westward along the range as the aedirnents 

have a northern d i p  characterist ic of the  southern limb. 

The Occidental  anticline  nhlch  aacounts  for the geologic 

continuity of the two ranges l a  only expoard just   north of /-. . N o /  . . . .  . . . & .,-a Pd B.7 
Border  Post No. 41. X t  seems probable i t h a t  i t a  axis Is parallel (.< f, 

t o  the foot of the Sierra Rica. . This would account f o r  the u, i. .-i 
7.. E I C  

geologic  continuity of the formations  across Apache Valley. The L *+'' 

rocks  south of the an t ic l ina l  axis repreeent the southern limb 
1 s 

{Sierra  Rica) while the rocks  south of the Mairland syncline 

represent its northern limb. Other minor f o l d s  probably  occur 

between these two major folds, For example, the volcanics have 

a northward d ig  near the B i g  Shlner m i n e ,  but a southward d i p  

". . 

\"" .. . .  - .~ - 

h"., i L . A *  b 

.~ '..I r 

a t  the Quartz  prospect. An an t ic l ina l  W s  probably  pasaes be- 

tween these two areas. Aiaordingly, Apache Valley would repre- 

sent  an  area of e t ructural  weakness with numerous fissures able 

t o  provide  acceas.to rising rhyolits  intrusivee. The plunge of 

the OcclBental ant ic l ine is inferred  to be neatnwerd a8 chiefly 

evidenoed by the outcrop  pattern' of - t h e  Corbett  formation.  In 

the Sierra Rlc&, it strlkes approximately N60V whereaa north- 

ward the strike gradually turns toward the north.  Thla o h n g e  

evidently  signifies a s h i f t  t;oward*the n00e of the ant ic l ine 

and apparently  confirms the direction of plunge  determined for  

the Daisy anticline.  

' .  
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Sedlmenta domed by either Igneous lntruslona or faults 

are  prevalent  throughout the reglon,  particularly In  the vl-  

c in l ty  of the Apache-Chapo mlnlng area (Plates 2 and 3) .  

Numerous porphyritic  rhyollte dikes caused drag fo lds   i n  the 

sediments immediately adjacent  to them. A t  the lndian fault, 

aedimente with a general d i p  of 15-20" N. have been upended 

by intrusions  resulting In a d ip  of 25-35' S. Favorable loc i  

,of ore deposition were created at the areste  an8 troughs of 

theae folds. 

Drag foldlng of beds by fault ing I s  noted i n  00me of the 

minor faul ts   near  the Chap0 mine. In  many places these f au l t s  

have Closely  assoalated  ore or t a c t l t e  %ones. Many of the 

major f a u l t s   i n  the two rangee have produced upfolded  ,sedimentr* 

Two examples Include the HcKlnley and IntBrnatlonal  faults,  both 

of which are mineralized;  In  both the assoclation between ore 

deposition and  upwarped sediments is olear. A more striking 

i l lustrat ion  of .drag  folding I s  seen  In the western Sierra Rica 

where Paleozoic  thrust aheets have warped the underlying Gorbett 

beds, as well shown on the aouthwest slope8 of Doyle Peak. 

FAULTING 

General Dllacusslon 

The Apache Hllle contain two major normal faults parallel 

with the general west-northwest extent of the range. They in- 

clude the Apache f a u l t  and the Xndlan fault. Other normal 

f au l t s  l ike the Mclllnley, Chapo, Msirland, County, International, 

and  other^, trend more or  less perpendiaular or a t  a high angle 
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t o  the major faults.  Faults trending similarly oaaur i n  the 

northeastern  section of the Sierra Rioa. The western hills of 

the Sierra Rica are composed of.tw0 major th rus t  sheets, now 

partially eroded, which seemingly reflect a horizontal d i s -  

placaniitnt of many miles. Minor thrusting  ocours i n  the Apache 

Hills eas t  of the Apache  mine (Plate 2) and just  northeast of 

. Border  Post No. 39. Numerous tear faults  of,small   horizontal  

displacement' like thoee a t  the Xnternational mine (Plater ll) 

are common throughout the two ranges. Uswrlly each,of these 

faults has a strike s l ip  of only a few feet and the ;fault ar 

the displacement is too small t o  be indicated on the areal  

M P  
A t  least f i v e  separate phases of fault ing are recognized, 

starting from those that took plaoe after the folding  but be- 

fore the stock-like  intrusions to  those of the late Tertiary 

( l a t e  Pliocene ?) Thrueta t h a t  brought the Paleozoic sedi- 

ments atop the folded Lower Cretaoeous  orthoquartzites and fv-."r. "' 
limestones  represent the first stage. These resulted from t h  

same LaramIan tangential pressures that were responsible  for 

folding. Following the f au l t s  of this  stage,   virtually a l l  

other  fault ing is of the normal or high angle reverse typo, 

suggesting a change from tangential   to  tensional stresses, 1 F: 

The second stage Is a l so  manifested by the Indian  fault  along 

which the quartz monPron1te and later porphyritic  rhyolite 

dikes were intrudedr The Doyle faul t  i n  the eastern Sierra 

Rica also  possibly  belongs  to t h i s  stage. The th i rd  stage is 

represented by faults  trending  north  to  northeast, some of 

1 -L 

" ~ I 
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which were originally  tensional fractures associated with the 

lntruaion of the stock. The ore  deposits of the Apache-Chapo 

Wining Diatr ic t  and probably  those of the Occidental and Inter-  

national mines were formed i n  f issures  o f  t h i s  stage, Short, 

transverse faults cutt ing the mlnerali%ad f au l t s  ref'latct a re- 

currence of fault ing toward the close o%' t h i s  vein-forming 

stage.. The fowth,major  epiaade is %he upheaval of' the  Apache 

Hills along the Apache fau l t ,  8 displacement similar t o  the 2 
Basin and Range type, Concomitant with this stage are the 1 

paral le l  normal faUlts of small throw and step-like patttern 

i n  the eastern block of the Apache Hills (section E-E' of 

Plate 1).  Small tear f au l t s  and the reverae  fault In  the same 

area probably  indicate stresses associated with th i s  period of 

faulting. The youngest stage Is represented by the faul t  

northwest of the Luna mine which occurred after the rhyolite 

flows and breccias had been deposited. It 18 defini te ly   local  

I n  extent and may well be due  t o  slumping rather than t o  tec- 

tonic strearrss. 

~ .-. ~ ~ ~, ~ 

. . ,  i!( 
Thrusting 

L o w  angle t h r u s t  sheets of klipgen exposed i n  the western 

edge of the Sierra Rlca overlie the Dorbett orthoqwrtzites 

(Figure 6); , Doyle Peak represents a double thrust ,  for a 

Permian kllppe is overlain by a Pennsylir@nian klippa (Figure 7). 

Both have a southwestward dipplng aole (section G-Ct of Plate 1) .  

The age of the th rua t  Cannot be c3efinitely  asaigned, A t  best, it 

postdated the folaing and antedated the rhyolite por?phyry 
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intrusion, as indicated by the folded  condition of the under- 

lying  Corbett  formation and by the lsalated klippe In  sedtion 

7, R.14W,, T.299. which I8 Cut  by rhyolite dikee. 

Normal Faulting 

The Indfan  fault  can be traced from 8. point west of  the 

Apache mine where It is abruptly  cut by the  Wrathon  fault   to 

a point  east  of the Chapo  mine where it l e  again  abruptly ter- 

minated, t h i s  time by the Malrl@nd faul t .  hlong Its ent i re  

length the faul t  is well marked by a prominent breccia eone 

which conOains various  roak  fragments depending upon the 6ur- 

rounding  rocks. For the moat part It contains  silloa-cemented 

t a c t l t e  fragments  (garnet,  epldote, and. diopside) togeCher with 

aaaorted  ahips of sediments and intrusive@. The limimtone side 

of the faul t  is usually  sllicated.and bears ore. 

The Indian f a u l t  I s  evidently the fissure along which the 

stock had riaen and which subsequently  provided egress for  the 

rhyolite  dikes. The dieplacement  along the f a u l t  cannot be 

Qetermlned as  the  thickness of se8iments  overlying the utock 

upon i ta   in t rue ion   la   no t  known. 

The MoKinley fault, Chapo fau l t ,  and others  representative 

of ella thi rd atage of fault ing are i n  part re la ted   to  the stock. 

Such fissures were probably  channels f o r  silicate and ore solu- 

t lons an8 sites of ore  depositionl Following ore deposition, 

further edjuatment produced small dY.splacsments. The figures 

fo r  these dlaplacements  can be accurately determined i n  s o w  

places. For example, the Chapo f a u l t  ha$ a throw of 150 feet;  
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t h i s  is i l lus t ra ted  by the faot that jus t  west of the fault, 

the aame Rudlstid Limestone member that is exposed on the sur- 

face t o  the east ,  oacura  near the bottom,of the Chap0 shaft, 

180 feet below the aurface. The presence, o f  the   fau l t  here is 

also  indicated by the absenae of tremolitleed  limestone east 

of the f a u l t  and its s t r ik ing  cont'inuity t o  the weat. The 

Mairland f a u l t  has a ver t ica l  dieglaaement of about 400 feet; 

t h i s  figure is derived from the f a c t  that t o  the west of the 

f a u l t  the contacrt of the Rudiatid Limestone member and Lime- 

atone-Sandatone member 3.8 exposed a t  an  elevation of approxi- 

mately 5,000 feet, whereas t o  the east the same unit  forms a 

prominent cllTf a t  about 5,400 feet. 

In  the northeastern  Sierra  Rlca,  conditions  are  analogous 

.but on a emaller  scale  than  those i n  the Apache Hillsl The 

Doyle fault trending  west-northnest ana the similarly trendlng 

t a c t i t e  vein8 of the Occidental Mines (Plate 9 )  are offaet by 

northeast   faults.  The Doyle fault  involves a atr&ttgraphic 

separation o f  about 900 to  1,000 feet which l a  the thickness 

of the  misalng  Orbltolina Limestone member. The ver t ical  d i s -  

placement i n  the younger f a u l t s  cannot be determined. The 

horizontal  separation on the Occidental f a u l t  is approxlmately 

1,500 feet. 

me Internat ional   faul t  l a  pa r t l a l ly  mlneralize6  both i n  

the United States and along i ta   cont lnuat lon  into Nexlao. As 

Is obvious from the map, Plate 1, nelthar  horizontal  nor  vertical 

dlaplacement  can be determined. 
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Tne Oy,star fault  is  indicated by a alight  horizontal   dia- 

placement a t  its southern  extension; t o  the north, the only 

indication of thls Sault  i s  the noticeable change i n  strike 

aorosu the alluvium  aeparating the two blocks. 

The County fault, covered en t i r e ly  by alluvium, has been 

infermd from the contrasting  lithology on e i the r  aide. To the 

west are exposed the Limestone-Sandstone beds and t o  the east 

the Orbitolina and Budistld Limestone members. The horiaontal 

aewaration is about 7,500 feet, of which the vert ical  component 

is  estlmated t o  be 8 masimum of about 1,200 f e e t ,   i n  view of the 

thickness exposed east of the fau l t .  
c 

me MuKinley f a u l t  is Important s t ructural ly  and a l so  from 

the  point of view of ore deposition. It is a Sault of small 

horizontal  separation,  to judge by its cross-cutting  relation- 

sh ip  with the Indian  fault. Like the  Indian.fault, It has 

acted as a guiding fissure along which the composite  atock and 

other intsuslvea have been introduced; it has a l so  b%en mineral- 

ized. One striking feature of the fault Is that it has acted 

as a barrier t o   s l l i c a t i n g  and ore  solutions, for  west of the 

f au l t ,  with the exception of the Indian fault continuation, 

t a c t i t e  and ore  veins are conlspicuoueZy scarce or lacking. The 

McKinley and related Saults were apparently  responsible  for  the 

u p l i f t  and subaepuent  present expoaure of the quartz   dior i te  

plugs i n  the immediate vicini ty  of the fau l t .  This is par- 

t i cu l a r ly  probable i n  the northern  section of Che faul t .  

East of the NcKinley f au l t ,  along the 80Uthel.n fromt of 

the Apache Hills between the Apaohe and Chapo minea, numerous 
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faults o f  small displacement a r e   f a i r l y  abundant. The d is -  

placement of each  has a greater horizontal  than  vertical aom- 

ponent, for  the beds on ei ther   s ide of the  faul ts   are  similar 

and topographic  elevations are about the same These fissures 

are  radial t o  the stoak and tensional i n  origin, and may be 

compared t o  the radial pattern developed around intrusives and 

domes where upward vertical  pressures were originally dominant. 

The  Apache f a u l t  has a sinuous and continuous  trend along 

the  base of the Apache Hills and can be traced by differences 

i n  topography and lithology. For much of Its length it is 

marked by bands of massive, res is tant   quar tz   ten  feet  wide 

(Figure 8). “Horses” of sedimentary  rocks within the  faul t  

trace were occasionally  noted,  as east of the Hairland mine 

where blocks of sandstone are  enclosed by quartz  velna. 

Associated f au l t s  and fissures related t o  the Apache f au l t  

are noted i n  the eastern block of the Apache Hills whereby 

para l le l   s tep   fau l t s  have repeatedly elevated the massive c l i f f -  

forming Rudistid Limestone member (Figure 9). The minor thrust  

i n  t h i s  area is evidently  related  to the step  fault ing and I s  

probably due t o  a local compressional  adjustment to  the major 

tensional  forces  affecting the region a t  that time  (Figure  10). 

Quarts-filled  fractures parallel with the Apache fault   south of 

the Apache  mine may a l so   i l l u s t r a t e  a genetic relation (Plate 

2) 

The vertical  displacement along the f a u l t  is estimated t o  

be about 2,500 feet   (section C-C’ of Plate l), in general ac- 

cord with the r e l i e f  on either side of the  Sault,  taking  into 
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account  subsequent  erosion. The diaglacement  along the fault 

was probably  not  uniform so that variationa from the abave 

Iigure ar% t o  be expected. 

The dating of the major faule is somewhat obscure  but it 

appears  probable that the las t  large movement occurred during 

and after the eruption and intrusion o f  the rhyolite sequence 

which  would data  the  fault  as late Miocene or Pliocene (4) .  

This la indioated by the exposure of rhyol i te  on either side 

of the fau l t ,  and by the abrupt  termination of .isolated monzo- 

n i t e  plugs on the northern  side,of the faul t ,  Probably faul t -  

ing became active  aa vulcanism  irubslded, Fwthermore, It is 

believed that  a zone of weskness extendar from the rhyolite 

breccia donnrs on the  northern fringe of the Apache Hills t o  

th.e Coyote Hills (the  northern tcrmlnar;ion of the Xrtttle 

Hatchet  Nountains) which can well be considered a concomitant 

of the Basin and Range type of faulting  exemplified by the 

Apache fault. It aeems l ikely,  too, that the Miocene or 

Pliocene (4) movement was not the firs+ or fast expreaPion of 

up l i f t .  The present of isolated  fanglomerate  outcropa through- 

out the range i a  sviflence that  upwarplng, posolbly  operative 

along t h l s  fault, occurred i n   t h e  late Cretaceous and was per- 

haps of,.ararna influenos  in  preceding  periods,  accounting for 

nondepo6ition of certerln  eediments. Possibly  there were simi- 

lar recurrent movements of mare recent  origin. Recent faul t ing 

of Pleistocene and l a t e r  gravels.in the Rio  Qrande  Basin i n  New 

- 7 .  

I 



Figurr 8 

Midway b.twern tho Apache  and  Chapo  mtner. 

A quartz  vein delineates the Apache fault. In the 

foreground i s  a small  pluq of quartz  monzonite; 
' in the background arr andesite flaws. 

I !  
Rudldid  Llmrrtone 

Figure 9 ! 

SteP-fQUlting  in the  eastrrn  Apachr Hills ! 
affecting the Rudistid Limestone member and 
tho  Orbitolina Limestone mrmbrr. V iew looking , 

northwest  from the lnternotionol mine. 
, _ _ _ " ~ ~ ~  
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Figure IO 

o minor  thrust  foult.  Note  the drag  folding of 

aQoinst Ihe foul t  plone. I 

~ View looking  north  from  Border Post N0.39 toword 1 
, 

! 

! the  thin beds  of the  Orbitolino  Limestone member 
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' Mexico  attests to the  persistence in time of such  structures. 

Although  the  Apache  fault  has a more  westerly  trena  than 

1 

ia  charaateristic  for  the  Basin  and  Range type of fault8  its 

remrrisable  continuity from Its northern  end in the  mapped  area 

southward  into  Eaexico  and  beyond  -suggests  a  genetic  similarity 

to  faults  of  that  type,  Other  facts  pointing  toward  the  same 

conclusion  are  ita  steep  dip  with  vertical  diaplacement and the 

sharp  lithologic and topographic  contrast  on  opposite  sides  of 

the  fault  throughout  muah of its  course, 

Relation of  Mineralization  to  Paultlng 
, ,  

Xn  regard  to  mineralization,  structuree  relegated  to  the 

sehond  and  third  episodes of faulting  contain  the  major  ore 

deposits of the  ranges.  These  faults  may  be  considered  pre- 

mineral in origin,  With  minor  exception8  all  other  faults  are 

poet-mineral.  The  exceptions  include  the  minor  ore-filled 

fissures  at  the  Big  Shiner  mlning area, the Luna mine,  the 

Christmas  mine, and the  Queens  Taste  mine,  all of  which  are 

associated  with  the  intrusion  of  rhyolite  porphyry  or  related 

felaites. 

RE(t1ONAL  COMPARISON OF STRUCTURAL  RELATIONS 

The  Apache Hillra  and Sierra  Riaa  generally  conform to the 

regional  structure  pattern of southwest  New  Mexico  (Figure 11): 

'Callaghan, Eugene (1953), Baain  and  Range  structure  In 
southwest New Mexico,  (Euidebook.,  4th  Field  Conference,  New 
Mexico  Qeol, Sou.,  p. 117. 
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the major folds.and  faults and notably  the  thrusts,  posaeslsea 

a  west  to  northwest  trend  characteristic  of  this  part o f  the 

state. In particular  the tmnd resemble8  that  which Occur8 in 
the  region  to  the  east  and  north  rather  than that to the  west 

at  the  Hew  Mexico-Arimona  line,  where a north-south  attitude 

is more  dominant. In that  respect, tihe Apache  Hills  apparent- 

ly represent a zone  of  atructural  transition  in  which  both ten- 

sional  ana  compreasional  forces  have  undergone  e  alight but 

noticeeble  shift  Sn  direction, 

moLooxa HISTORY 

The exposed,rocks of the  Apaohe  Hills  and Sierra Rica un- 

doubtedly  overlie  Paleozoic rooks, including  Pennsylvanian  and 

Permian  sectiona. A thick  section of autochthonous  Permian  oc- 

curs  in  the Big Hatahet  Mountaina.  However  in  the region under 

discussion,  regional  hlstory  commences in the  early  Cretaaeous. 

During that time, southwest  New  Mexico  and  eoutheast Arixone 

were at or near  the  head of the  southeast-trending  and  plunging 

geosyncline  that  continued  through  central  northern  Mexico  and 

waa  separated  from the site of Gulf Coast  deposition  by  the 

Coahuila  platform.  Deposlition had been  initiated in the 

"autogeoaynolinenl in the  Suraesic  and  continued  throughout  the 

Cretaceous.  Jurassic  and Lower Qretaceoua  sedtments  comprise  a 

section  generally over two miles in thickness  and  consist OS 

limeatones  with  baael and marginal  orthoquartzites.2  The  lack 

'Kay, cP.M, (lpsl),  North  Amerioan  geosyncllnes,  Oeol.  SOC. 

21bid, p. 62. 

Awr. Mem. 48, p. 62. 
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Figure II. Tectonic  relations of Apache Hills and  Sierra  Rica to 

southwest  New Mexico and southeast  Arizona (Base  map: 

Tectonic  map of the  United  States, 1944) 
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of Juraseic sediments i n  southwest New Mexico Indicates that 

the area was a highland d u r i n g  t h i s  time, and most probably 

d u r i n g  the Triassic as well, 

In  the early Cretaceous, however, the sea encroached upon 

the  present  position of the Apache Hills and Sierra Blca. Both 

the Howells Ridge and Corbett  formitions  reflect Rlarlne  and 1 
shallow water environments. Even the Red Beds membQr, the 

oldest  unit of the Howells Ridge formation,  demonstrates them 

conditiona as sandy and clayey matter are intermixed wlth oc- 

oasion81 thin be'ds OS limestone  Indicafive of near-shore depo- 

si t ion.  Off-shore  sedimentation  oontinued  throughout Howells 

Ridge time. The Oyster Limeatone member illustrates deposition 

I n  ahallow and turbulent marine waters i n  which sandy m8terial 

was still an  Important detrital constituent. The Qrbitolina 

and Rudistid Limeatone members represent  conditions wherein the 

marine water@ were completely free of c la s t i c   de t r i t u s  or else 

these limestones were deposited a sufficient  distance from the 

ehore l i n e   t o  be uncontaminated. T h i s  condition did not  pereist 

too  long  since the overlying Limestone-Sandatone member contains 

Orbltollna-rich  limestones and interbedded  arthoqu~lrtzitea and 

sil tstones.  Arenacreous  and subordlmte  argilLaceous  debvia 

characterize the upper half o f  the Lower Cretaceous and prob- 

ably  indicate a re%reat o f  the sea, result ing  In shallow, marine 

condltiona whereby the de t r i t u s  has been severely warshed and 

generally rQworked, producing well-worn, rounded, ant3 frosted 

quartz  grains. The Corbett  formation may be considered 8 mar- 

ginal faaies  of the geoayncline, debris having been derived 
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Prom a mora  dletant  souroe  than was the  caee  with  the  other 

sandy  beds, 

In the  l@te  Oretaceous,  withdrawal of the  sea,  probably 

due  to  uplift of the  Apache  Bills  and  Slerra Rlca, resulted 

In  the  deponltlon of the Skunk Ranch  fanglornerate'upon  the 

erosion  surface  developed on the underlying lrIesozolc and 

Paleozoic  roaks. The upl5ft was great  enough  to  expose 

Pennsylvanian  limestones,  boulders of nhlch  are  included  In 

the formtion. 
. .  

. ,  

Late  Cretaceous or early  Tertiary  vulcanism,  preswnably 

affiliated  wlth  the Urmlde orogeny, then  affected  the  two 

ranges. The first  lndlcatlon of thls  was  the  introduction of 

the  Last  Chance  volcanicrs  extruded upon,the eroded  surfaces 

of the  Lower  Cretaceous  sedlmenta.  An  accurate  detailing of 

aequencer 1s Idlfflault but In general,  after  diorite  and 

quartz dtoritea  were  Intruded,  the  beds,  both  voloanlc  and 

sedimentary,  were  subjected to tangential preesures whfch . .  form- 

ed  the  iolde  previously  described.  DctfomAatlon  continued  with 

the  thrusting of! Paleozoic setllarents from an wknom souroe 

upon the folded  Indigenous roche 

. .  

Subsequent t o  this  deformation, igneous rooks  .Intruded 

the  anticlinal  crests auxd limbs ln the  western  Apache  Hllls 

fornilng  various  structurea,  notably  a  stock of mixed composl- 

tlon.  #tetaaornatlam  and mlnorallza~lon o f  the  surrOun4lng 

sediments  probably  started beioret the,  resulting atock had  com- 

pletely  cooled  and  continued  after  the  aarsoaiated  dikes and 
sills were  Intruded.  Fissures  radial  to  the  stock  developed 
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during i t a  emplacement  and served ata channels for fi l l ing and 

metasomatism, i n   p a r t  by ore SOlUtiOne. Lesssr displaoements 

occurred after  mineralization. 

A period o f  relative quiescence wet+ then succeeded by 

another  period of vulcanism commencing i n  the Uocene ( T )  i n  

whioh latitt flows were extruded and later covered by.rhyol i te  

flows, tuffs ,  and breccia. Profuee intrusion of rhyolite por- 

phyry earlier th%n fts eguivalant  flows  intrdluced a second 

period of mineralization,  but t h i s  was w@aker than the first, 

It ma8 followed by a major period of f au l t i ng   i n  which the 

Apache Hills were uplifted  to  their   present state. Volcanic 

action had 8 brief resurgence i n  the Pleistocene with the  out- 

pouring of basalt flows, similar to  those that have continued 

in to  the Recent epoch in   o ther   par t s  of New Mexico. 

CONTACT METAMORPHISM 

INTRODUCTION 

Much at tent ion was given by the author t o  the contact 

metamorphic re la t ions expreeaed on the southwest slopes of the 

Apache Hills, where a contact  aureole of l imi t ed  s ize  is ex- 

posed. It WR0 hoped that t h i s  deposit ,  though of small areal  

extent, would shed some l i gh t  on certain  questions about this 

phenomenon long raised by geologists. During the course of the 

fleld work, other features were a lso  observe6 which have re- 

ceived l i t t l e  at tent ion elsewhere. 



!BGRMTNOLO(IY 

The term contact metamorphiam as ueed here is all-em- 

bracing, referring t o  changes which rock6 adjacent  to  intru- 

sive masees have undergone as a result of intrusion. The altsra- 

t ion irr two fold in nature. One phase is purely thermal meta- 

morphism,  whereby the loa8 of heat from the  intrusion is re- 

SpOnSibh f o r  the baking and recryetall ization of the surroun6- 

ing rocks. I n  thlr phase, also called  isochemical metamorphism, 

the bulk chemical  composition of the rock l a  unaffected  since 

there is no migration of material i n t o  the rock. A aecond phase, 

t o  which some r e s t r i c t  the term "contact metasomatiem" and which 

others  call  allochemical  metam~rphism,~ is characterized by 

f'luida, generally  conaidered  pneumatolytic , emanating from a 

source within the crystall izing magma or from an Independent 

source, and responsible for the formation of new minerals either 

by reaction with previoualy  recrystallized  rock8 or by deposi- 

t ion from solution a t  high temperature. I n  t h i s  phaae, there 

is a change i n  the bulk  chemical  composition,  since the f l u i d s  

may account for  substantial   addition and removal of matter from 

the rocks. 

1 

Although the f i r a t  phase precedes the second phaae chrono- 

logically,  the lstep effeots of contact metasomatton may  com- 

pletely obl i terate  any vestiges of purely thermal origin. 

1 

Univ. of Chicago Presa,.Chicago, p. 250. 
Rankatna,KfkKalervo, and Sahama, T h e  Q. (1950), Qeochemistry, 

21bid, p. 250. 
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The new  minerals  formed lgsy be  composed  wholly  or  In  part 

of elements  foreign  to  the  country  rocks  and may occur as re- 

placement masses or in veins.  Usually  the  minerals  thus  de- 

posited  are  elllcates  to  which  the  temn  tactlte or skarn is 

applied;  the  term  tactite  is  preferable  as skan more  speaific- 

ally  refers $0 a garn~t-epl8ote-pyloxene r0ck.l 

LOCATLON AKD OCCIJMBNGE 

The distribution  of  the  contact  metamorphosed  zone is 

indicated on the  artai  geologlc map, Plate 1, ' A more  detailed 

study  is shown on Plates I? &n& 3, The  general  geologic  setting 

is  one  .in  which  the  Apache  Hill&  composite  stock,  consisting 

in  part of a  late quart8 md8onIte facles, has intruded  the 

LlWStOne-S&ndf5tOne  member of the  Howell8  Ridge  formatlon  and 

is  directly or indireatly  responsible for the  Slteratlon of the 

sedlmen%s,  The  efSects of  the guar%% mnsonite intrusion  con- 

sist; of recrystallization of  the  sediments  followed by a late 

introduation o f  flulds  which  metamorphosed  and  metasomatized  the 

rocks.  Toward  the  end of this  procees,  rhyollte  dikes  were  intruded 

Into  the  sedimentary  8ucoession  and  along  the  contact  between  the 

sedlmc&a and  the  stock. As Illustrated  in  the  last  two  plates, 

the  metamorphic  effects  extend  outward  from  the sedlmnt-rhyo- 

lite  contact  to  the  abrupt  termlnatlon of the  sediments at; the 

Apache  fault.  The  contact  Zone Soms an aureole  approximately 

. .  . 

lHess, F.L, (1918)b  Tactite, Amer, Jour, 8@i*# Vole 48, 
P* 3778 
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1,000 rest wide an8 two miles long  extending from the Chap0 

section has been metamorphoaed. 
__.:_ ............ ...... . .  

s t a t a c t  metamorphio features are a l so  noted a t  the 
.~ 

Oc'cidatntal nines  (Plate  9) where t a a t i t e  and ore minerals f i l l  

prominent fismres i n  limeatone, Phis occurrence is a l l  the 

more unusual since there are no associated  intruslves visible,  

with the exception of thin  t rachyte   s l l la  which are  not apt t o  -* r*p 

have been a causal   factor   in  thila type of mineralization. Sim$,-id3r;A 
lar tac t l te   ve ins ,   in  many places o f  great length and s e e m i n g l y ~ ~ t r , 6 ~ 1  

unrelated t o  intrualons, have been reported by Jacob'  from ~ J - O  - ~ L +  
.t I.-7 <;@\ ~3.4 

-?A!! 
"""". .... ____- . r 

- " A. 04 Jt "".. 

J..-L.: 4- 

Carer&, a small mining camp i n  Chihuahua, Mexico. 

SEDIMENTARY SBQUENCE TNVOLVRD 

The sedimentary sequence included  within the contact aure- 

ole between the' MoKinley and Mairland fau l t8  is  as follows: 

Stratigraphic  top of section 

Limestone-rhyolite  breccia 
Thickneae 
20-50 f ee t  

In8 Ian  faul t  

Limestone, tremolitieed;  contains 

.Impure, s l igh t ly  calcareous shale; 

Interbedded shalras and sandstonee, 

oocasional  argillaceous  lenses 15 

occasional  arenaceous  lenses 40 

minor th in  limestones, and 
conglomerates - 400 

Total 465 2 
Rudirtid Limeeatone member 

1 Jacob, Leonard, Jr. (1954),  Personal communication. 
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Features  peculiar  to  this  sequence  include 1) the  lentic- 

ular  and  intertonguing natwe of the  beds  and 2) the  remarkable 

persistence  with  which % h e m 1  and  netasomatic  alteration may ex- 

tend  parallel  to  the  stratification.  The  lenticular  nature of some 

of the  beds is exemplified  by  the  lens of massive  recrystallized 

limestone  confine8  to  the  area  around  the  open  cut of the  Apauhe 

mine - a type of limestone  not  found  elsewhere  In  the  district. 
The occurrence of thin  conglomerate  and  limestone  lenses  near  tha 

Ohapo mine  also  illus%rates  the  Inhomogeneity of some sedimentary 

units.  The  persistence of alteration  parallel  to  $he  beds  is il- 

lustrated by the  limestone  abutting  against  the Xndim fault 

whiah  has  been  tremolitized  and  otherwlse  ailicated,  accounting 

for a mineral  assemblage  tha%  continues  literally  unchanged  from 

the  fndian  shaft t o  the C h a p 0  fault, a dtatance of about  two  'miles 

At  either  extreme,  subsequent  faulting  and  erosion  have  removed 

the bed from the  observed sedimmtary sequence, 

1 ~ T c  I ,i I{./ f 

MI"QY 

The  metamorphosed  rocks of the Apache-Cham mining  district 

possess  a  variety of silicatee  and  other  minerals  characteristic 

of 8 contact  cone.  The  minerals  below are  all  post-diagenetic 

In  origin  and  are  grouped  according to their f'ormulae as  listed 

in  Dana's  Textbook af Mineralogy, 1950 sdition, 

Silicates 

Actinolite (Caz(Mg,Fe)f;(OH)2(SiSO11)IE;1. The  mineral occurs 

microscopically  in  shale and limestone 88 light  to  dark  green fi- 

bers  associated with hornblende  and  diopside. fn many  caaes,  it 

i s  limonitizedr 
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Aluminous  hornblende (ca~N~(~,~e,Al)~(Al,Si)40~1)~[OH)~. 

This  mineral occws widely  but is confined  to  the  impure  cal- 

careous  shales south of the  contact  brecoia, It ooaurs as 

wedge-shaped  microscopic  porphyroblasts or with diopside  in a 

poikiloblalasrtic manner  suggesting  the  alteration  of  pyroxene  to 

hornblende,  The  hornblende  noted  here is strikingly  different, 

f r o m  that found in  the.  Igneous K)cke+ It has green  to  bluish- 

green  pleochroism  and ZAC o f  22*-26O,  Xn some cases,  it i s  

apparently  pargasIte or adenite a8 shown by  its  occuprence, 

association,  and  positive  optic sign, 

Andalusite (A3.zSiQfL). Andaluaite  was  only  noted  micro- 

soopically in close  asaociation with cordierite,  both  ocour- 

ring  within an argillaceous  lens  in  the tremlitined limestone 

bed, Xi usually has a  well  developed  diamond-shaped  outline. 

Chiastolite, a variety  of  andalusite  abserved  in  the same lens, 

ha8 wavy  extinction,  and  the  charactePistia  oentral f i gu re  of 

a cross caused  by  carbonaceoue  impurities  and  rapid  crystalll- 

zation. 

Chlorite  (H8(Y%,Fe)gA12SI?018),  Chlorite  occurs as an 

alteration  product of  the  feldspars  and  ferromagnesian  minerals, 

Cordierite  ((Mg,Fe)pAl&Si50&r This appears  with an- 

dalusite  in an argillaoeous  lens in the  tremnlitized  limestone 
bed  and  also  in  argillites  that  are BOW distance from the 

contact. The mlneral forma miCrOSCOPlC  porphyroblasts  that 

commonly  contain  sillimanite  and  dark smudgy unidentified 

inclusions, 
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Diopside (Ca,Mg(SiOq)&, A pure  diopside,  apparently  not 
contaminated  with  Iron, la obeerved microscopically in  the 

limeetone  adjacent  to  the  intrusion.  Iron-rich  diopside or 

hedenberglte  occurs  strikingly  in  a  prospect pit,in shale  along 

B fault  just  weat of Indlw Draw,  It was dlstingulshqd from diop- 

side by Its  greater  specific  gravity  and  larger  extinction  Angle. 

Here,  it f s  exposed in gmylsh-green bladed crystgls.up to six 

lnchea  in  length.  The edges.of the,crysrtals  have  been  altered 

to  aotlnollte  and  ohlorite.  It also rams microscopic  porphyro- 
blasta In the  impure shale kinit, Several  mlnerals  apparently 

intermediate  between  diopside  and  hsdenbergite  were  only  noted 

in thin sectlon,  particularly  in  the  impure  shale bed. Of these, 

two varieties  are coIIIIILc)n,r which  are  apparently  salite  and f'erro- 

aallte.  One I s  coarsely  crystalline,  with  low  second  order  bire- 

fringence,  and ZAC of .38*-44*. The  second OCQWS as isolated 

aryetals with green  pleochroism,  low  first  order  birefringence, 

and ZAC of 4!jE-48*. Variations  in  physical  properties  are  not 

infrequent  and m y  be due  to  the  intraduction of alumlnum  and 

it8 replacement OS calcium or magnealum OF both, In uome casess 

the  mlneral may be m r e  accurately  termed an aluminous  augite. 

Epidote.  The  several  varieties of epidote  Identified  in- 

clude : 

Pistacite - ntCaz(Al10H)Alz(Si04)3 or nCa2(Pe,OH)Fe2(5104)3 

Pledwntite- Caz(Al,OH)(Al,Mn)2(Si04)3 

Allanite - analagous  to  pistsclte but wiiih cerium  and  other 

Zoisite - Caz(Al,OH)Al2(SiO&)3 
rare earth elementcj 
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Moat or the  epidote 3.8 of the  pistacite  varieky.  Pista- 

cite is fairly  widespread  and OCCUPIS megascopically a8 green 

stubby  prisms,  acicular  needles,  or  granules. 3Ct i8 invariably 

associated  with  andradite  and  diopside  in  skarn  zones,  and  in 

other  mining  centers  the  world  over  it is an  important  con- 

stituent of tactite  veins.  Microscopically,  piratacite  shows 

yellow  to  green  pleochmism,  high  relief, and parallel  extinc- 

tion. It is commonly a late  mineral  replacling  silicates  formed 

earlier.  The  other minerah of the  epidote  group  are  only  noted 

in thin  section  and are very  rare.  Piedmontite  and  allanite 

resemble  pietacite,  but  the  pleochrolasm of the  former is violet 

and  the  latter  brown.  Pidmontite  was  seen  in a garnet-epidote 

vein  and  allanite  in a metamorphosed  shale.  Zoisite was ob- 

served  in  sediments  wes% of the  Apache  mine  associated  with 

grossularite.  It  usually occws in  thin  prisms or minute 

columnar  fragments of high  relief  and  blue  anomalous  polariza- 

tion  colors.  Clinoeoisite waa not  observed. 

Forsterite(MgzSi04),  The  mineral 1s of minor  occurrence 

and  was  only  observed  in  part of a metamorphosed  shale  bed  where 
it forms altered  crystals  together  with  diopside,  tremolite, 

and  spinel  in a matrix of chloritized  orthoclase and albite. 

In  thin  section,  forsterite has an  elongated  hexagonal  outline 

and  appears  in  Pemnants of high  relief,  The  interiors of the 

crystals  are BO altered as to  be  almost  completely  antigorite 

while  the  rims  are  corroded  to dark brown  pleochroic  smudges, 

probably  iddingsite. 
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Feldspars  (K,Na,Ca)AlS1?08).  Orthoclase  and  albite  are 

inportant  constituents  of  all  metamorphosed  shales.  Microcline 

was  noted  in  one  such  shale,  but it; was 60 rare  thai  it  prob- 

ably  represents a residue of the  original  sediment,  unaffected 

by metamorphic  action.  Plagioclase was only  observed  in  minor 

amounts,  the  major  share  having  been  altered  to  epidote  and 

chlorite. 

Garnet. Both  andradite  (Ca3Fe2(  SiO4)3) and grossularite 

(Ga$lZ(Si04))) are  found  though  optical  and  chemical  tests 

indicate  that  andradite  is  the  only  garnet  mineral  in  the  rocks 

east of the  McKinley  fault,  Andradite,  ranging in color  from 

brown  to  green  to  yellow,  generally  ocours  in  well  developed 

dodecahedral  crystals.  It  may  also  be  granular  or  massive; 

the  massive  habit  is  prominent  close  to  the  contact  at  the 

Indian  fault,  Crystals  are  noted  mostly  in  calcite  and  more 

rarely in quartz  veins  near  the  contact  or  several  hundred  feet 

from it. In  thin  section,  it possesses excellent  aoning of the 

dodecahedral  type  and  is  commonly  birefringent  even  in  the  core. 

Andradite was readily  distinguished  from  grossularite,  which 

it so closely  resembles,  by  the  fact  that  andradite  fuses  to 

a magnetic  globules  it  also has a  higher  refractive  Index  and 

greater  specific  gravity  than  grossularite.  Secondary  alteration 

has  resulted  in  the  conversion of andradite  to  chloritre  and 

less  commonly  to  idocrase, 

Qrossularite  is  only  found  microscopically  in  the  re- 

crystalliaed  rocks  west o f  the  McKinley  fault.  It  occurs as 

minute  poorly  developed  zoned  crystals 0.1 to 0.2 nnn in sipse 
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in  argillaceous  limestones.  It  generally has a dusty  ap- 

pearance  which  would  signify  a  fairly  rapid  crystallization, 

Mica (H~K(Al,~,F%)~13(9104)~). .Microscopic  platea o f  
brown  pleochroic  biotite  and of .muscovite  are  common  in  shales. 

Prehnite  (H2Ca2Al2(510?)4.  Though of rare  occurrence, 

prehnite wa0 noted  in  sheaf-like  aggregates  as  cavity  fillings 

in a metanomatieed  zone. 

Pyrophylllte(H2Al2(  SiO?) 4. Pyrophyllite, in radiating 
alusters o f  white  transparent  short  needles,  was  observed  in  a 

chlorltieeb  argillite  from  the  dump  surrounding  the  Apache  mine. 

It  was  evidently  found In a lower  working,  now  inaccessible, 

and  was  aleo  noted  in a micro-veinlet  cutting  epidote. 

Scapolite  (CaCO3*3CaA1251208  to  NaC1*3NaAlSIqi8).  Scapo- 

lite  is  extremely  rare.  It was ldentlfited  microscopically  from 

a vein  in  a  tactite  zone  at  the C h a p 0  mine, 

" Sillimanite (AlZSiO5)  Thia  mineral  is  confined  to  shales 
or ably limestonee;  It OCUW?~ rarely,  usually  as  cluetere o f  

needles or in  Isolated  fibers  with  short  transverse  fractures. 

Sphene (CaTiSiOci), This  is  a  minor  but  common  constituent 

of both  impure  shale  and  limestone  units. It is  readily  identi- 

fied  by  its  twinned  appearance,  rhombic  outline,  and  high  re- 

lief. 

Tremolite  (Ca2&5(OH)z(SiO4)?). In  the  limestone  unit, 

tremolite  makes up concretionary  masses  up  to  one  foot  in 

diameter,  composed of radiating  and  crlss-crossing  white tremo- 

lite  needles  and  fibers  surrounded  and In part  traversed by a 

black  oxidized  andradite-epidote r4mr The  secondt  distinct 

laode of  occurrence  is an an  alteration  product  after  diopside 



from  whlch  it  can  be  dlstlnguished  by  lower  relief. 

Wollaatonite  (CaSiOq).Short  fibers of this  lnlneral  were 

only  observed  in  eome  argillaceous  limeetones  west of the 

Apache  mine,  associated  with  groasularite  and  zoisite. 

Apatite (Catj(F,Cl)(PO&)?). - . Widely  distributed,  conapic- 

uous,  well  crystallized  hexagonal  prisms  or  croas-sectlone of 

apatite  are  found  in  tactite  zones  and  velns.  It i s  also  par- 

ticularly  prominent  in  %he  quartz  diorite  plugs In the  vicin- 

ity of the  Chap0  mine. 

Halides 

Fluorite  (CaP2). Some Cryktals of violet-colored  cubic 

fluorite werb noted on the  dump sumowding the  Indian  ahaft. 

Many o f  the  tactite  veins  aontain  notable  microscoplct  amounts 

of colorless  fluorite  generally  conllned  to  fractures.  It I s  

apparently  later  than  andradite  and  epidote but earlier  than 

the  iron  oxide  minerals. 

Oxides 

Btsmutite (B12Od. The  only  compound of bismuth,  bismutlte, 

was  observed  in some specimens  from  the dump around  the Amche- 

In  the  contact  aureole,  occurs  In  thin  Isolated  plates or groups 

of plates  that  are  lustroua  and  have a brown to black  color. 
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It is Invariably  aeeoclated  w;tth.calcite  veins  and  tactlte 

minerals. A large  concentration o f  massive  hematite  was  ob- 

served in a limestone  lens  east of the  Apache  shaft. 

Hagnetlte (Pe.qO4) - .'Xn the  region  here  described,  this is 

a conmn mlneral  aaaociaked  with  the  tactite  sones, 

Quarts (Si02). The  mineral  occurs'  In  reerystallieed  sand- 

stone  and In poet-ore  veins  that  cut  both  stllcatee  and  sulfides. 

The quartz  usually filldi fissures  and  faults  normal  to  the  trend 

of the beds,  Along  the  Apaahe fauN &nd'associated iiasurea In 

porphyritic  rhyollte, It I s  alse  massive. Some of the  quartz  in 

the  later  faults ie Jaspkr,. 

Splnel (W12Ou). An iron-magnesium  spinel  (pl'eonaste) is 

ubiquitous  in  most of the  metamorphosed  sedlaents,  In  which it 

is characterkzed by dark green  to  black  color  and by isotropisa. 

Carbonates 

Calcite(OaC0q) e(evera1  types o f  post-dlagenetfc  calcite 

ar6 noted in the  aontact aweole. One  represents  recrystalliza- 

tion In place,  producing a  mhtsive  llm@stone  oonposad of perfect 

rhombic  erystsrls. The  aeaond  type l a  in  %he raarystaXllsed 

llmt?stone  adjacent;  to  the  Indian  fault In  which  oalclte  grains 

have  been  anlarged  and  twinned. A third  varlety is Zn  veina 

that  contain  taetite minerals, oxides,  and  sulfides. It le  &la0 

found  Zn  post-ore  faulcs  ana  flslswes,  Much of the  reer;yetal- 

llged  calcite fWoreaces pink  as  aontraated  with  the  green 

fluoreacanee of vein  cslaite. 



Tungstates 

2Cheelite (caw041 Scheelite could  only be Identified In 

the field by it@ blue-white color under the fluorescent lamp, 

I t a  occiwrence I s  varied# X )  a t  the Cochlac vein, it ' is re- 

s t r tc ted  to.qwrts veins cut t ing  s i l lc i l ied  shale   In   associat ion 

with copper  oxides; 2 )  It 18 f a i r l y  wldespread In  quartz  vein- 

lets traversing  chlorlt laed shale; 3) it forms pods In  the mas- 

s ive  recrystailired  limestones; and 4) at  ttii? Chapo mine, It 

occuro $n oalcite  veins with 'mgnetlte. 

, .  

Sulfides 

~ 3 c 0 p ~ i t a  (cupesZ). Almost Invariably  ohaloopyrite  ac- 

companies andradite-epidote  veins, J t  a l so  occurs with other 

sulf ides   in   veins   cut t lng metamorphosed sedlmente particularly 

a t  the Apaohe mine. 

Qalena [PbS). Thls I s  a common mineral found with other 

sull ldea and al l icates   e . t  the Indian @haft and the prospsots 

east of Bquaw Creek. It I s  a l so   In  the underground workings of 

th4 Apache mine, notably on the 'iWfoot level .  

Pyrite (FeSZ)* This is ubiquitous  In a l l  the sedimente 

and has probably formed In  many cases under purely thermal 

condttions from the reactlon of Iron  oxlde and sulfur origin- 

ally  present.  It is a l so  uommon In tactitre veins. 

@halerite (Zns). This I s .  ;ClO@ely associated with galena. 
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Native Metals 

Qold (Au) and s i lve r  (Ag). Thean elements were not ob- 

serwd but aa8ay8  prove that  they  are  present. 

mTAMORPHfSM I N  THE CONTACT AUREOLE 

Succession of Phaaes 

The general  succession of events that occurs  during the 

contact metamorphic procesnes l a  believed t o  begin with the 

crys ta l l i t a t ion  of magma upon intrusion  into a sedimentary 

sequence5 with th in  come8.a loaa of heat t o  the surrounding 

country  rocka and baking and recrystal l i t lng of the latter. 

Further solicliflcation produces a high partial vapor pressure 

i n  the res idual   l iquid,   resul t ing  in  the escape of gassous 

aomponents i n to  the country  rocks,  thereby  aausing metaaoma- 

tiam. Among the p=g@tol@lc gases, water Is the primary 

constituent; t h i s  cooled and crondensed t o  an  aqueous  aolution 

responsible for the precipitation of  hydrothermal  minerals, 1 

Thus two main phasea of metamorphism are noted i n  the 

dis t r ic t .   Purely thermal or iaQchemica1 metamorphism has af- 

fectad the sediments and 80m of the igneous  rocka i n  varying 

degrees. Alloohemlcal metamorphism,has also  affected the con- 

tact areas,  but there is a d is t inc t   l ack  of metasomatic sili- 

cates,  oxides, and sulfide8 west of the McKinley fau l t .  It 

appears that t h i s  f a u l t  served both ate a channel for meta- 

somstislng  solutions and as a barrier I n  preventing  solutions 

.~ 

somatic  rocka, Univ. of Chioago Presa, Chioago, p. 171, 
'Ramberg, Hans (1952) , Origin o f  metamorphic an& meta- 



from penetrating the rocks  to the went, with the exception of 

those i n  the ImPlediate viclni$y of cross  fractures. Thir 

strongly  euggests that tho major compantnt of movement of 

mstasotwatlxing eolutlons was lateral or a t  least that the f a u l t  

extended t o  such depthr that no deeper metaeoma.t;lelng solution 
I T  r, rCix;i** c.”7 

Some of the mineralogical  changes i n  the aedimnts cnn be 

ascribed t o  pneumatolytic or hydrotherml metasomatlem or t o  

pore solutions  heated by the magma ctirculintlng  throu& the 

lredlments. The e f fec ts  of the l a e t  may be confused with some 

phase of metasomatism, particulmly if there is a remoblliza- 

t lon  of elements leading t o  eventual  precipitation In P foreign 

area. Por example, the chlor i t izat ion OS andradite i n  llme- 

stone may r e e u l t   i n  thu  deposition of ch lo r i t e   i n  an adjacent 

area. The converalon of an anhydrous  mineral t o  a hydrous 

mlmratl, such as the uralltir&ation of. a pyroxene,  concomitant 

with the introduction of a1uminurn, iron, an8 other1 elements 

i n to  the amphibole l a t t i ce ,  may be due solely t o  hydrothermal 

action or t o  the dual e f fec t  of heated pore  solutions eucceedsd 

by the entrance of magmatic waters. Xn some cases, however, 

dis t inct ions as to  the mode OS ion  trensfer can be applied. 

me presence of epidote due to   a l te ra t ion  of  anorthlte sug- 

geets hydrothermal metamorphism with water 8s the transporting 

. agent, whereat8 the occwrence of epidots with andradite, hema- 

. .  

! 

8, .,&e-. ; 
Mte, and halide minerale in   typ ica l   t ac t l te  zones i s  believed I 

to   lndlaate ,  a t  least, i n i t i a l  pneumatoLytlo transport. 

& i 

_“.I.w”. 
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In  general, the ef fec ts  of contact metamorphism, whether 

Isochemlcal or allochemical,  within the invaded  rocks I s  

governed by a number of factors  such as tho temperature of the 

magma a t  the time 'of lntruafon, the 'conflnlng pressure (hydro- 

8 ta t ic  pressure), the chemical activlty of the solutlons perco- , 
latlng through the rOck8, the chemical and physlcal canat1t;u- 

t lon of the Invaded rocks, and the structural   re la t ions necea- 

uary for the transfsr o f  heat and fluids. I n  the d i s t r i c t  here 

dsscribed these were exaeedlngly  variable and dkfflctllt Indeed 

1 

s rrcss( 
u i .  

to  generalize. 

Temperature 

' The tempereture of metamorphtc reactlonu  in nature can 

only be sstlmated *e~ the e f fec t  of certain varlables, 

eapeclally water, upon 8vailable experlmcsntal and calculated 

resulta,  are  not  quantltatSvely known, ClrculaClng  pore  solu- 

t ions,  compo'sed o f  water, carbon  dioxide, and dlireolved  elements 

(which may a c t  ae a fFee phase or a8 primary catalysts  In the 

reaction and recryatal l iss t ion of existing minerals) will cause 

a par t icular  reacClon a t  a given pressure t o  be lower than that 

of a pure phase.' me occurrence of low water  pressure in re- 

l a t i on   t o  rock  pressure will cauae  reactlonlr t o  take place a t  

lower  temperaturea. For example, i n  the react ion  forater i te  

+ t a l c  0 enata t l te  e vapor, a t  5OO bars rock pressure and 220 

" 

1 

\. 

durfn metamor hlsm of sillceoua  carbonate  rocka, Jour. Mol., 
'Weeks, W.F. (1955) , A thermochemical study of equilibrium 

vol, b, p. 25 E . 
, -. 



bare  preseure,  forsterite and ta lc  will react  a t  a temperature 

t h a t  is 20' less than if t he  two pressures were equa1.l O f  

course,  temperature  differences of so small an order, while 

suggestive, do not greatly effect   quantitatively the  ranges 
"" l.""-.""l.".." < ~ _  

that are generally estimated fo r  these reactions. They merely - 
~ _ _  . ~. . . .~ .. . 

rc f lea t  the f a c t  that there are such effects .  
W E  i 

The upper range of the  temperature of formation of the 

s i l i c a t e s   i n  the contact zone is believed t o   l i e   i n  the range 

from 450" t o  550" C which is conaidered to   re f lec t   the  upper 

par t  of t he  amphibolite  facies  or the loner  part o f  the 

pyroxene-hornfels  facies. Th i s  takes  into  account  recent work, 

particularly by Yodep, ' ~ 3  on the importance of water i n  the 

metf&rnorphic process. The complexity of temperature determina- ,, &Q 

t ion is emphasized by tremolite which 10 present   in   d i f fe ren t  r.c-.7 

mineral  aeaociations in   different   rocks acoordlng t o  its made 

of formation, e.$., Wemolite is  produoed either during i n i t i a l  

isochemicrl metamorphism  by the  reaction of lime, s i l i ca ,  and 

d... 
) . . < L ; - d c " '  I '  

.-.< i 

magnesia or by the a l te ra t ion  of mafic  minerals,  such as 

diopside. It is believed that the high temperatures  required 

fo r  the development of s i l i c a t e s  is primarily derived from t h e  

metasomatizing f lu ids  emanating from the quartz moneonlte magma 

and that  the numerou8 dikes t;hroughout the sedimentary sequence 

of the earth, Geol. SOC. Amer. Sp. Paper 62, p. 515. 
lyoder, H.S. (1955), Role of  water i n  metamorphism, Crust 

%bid, pp. 505-524. 

3~oder ,  H.S. (lg52), ~ g 0 - ~ 1 ~ 0 3 - ~ 1 0 2 - ~ 2 0  system and the 
related metamorphic facies,  Amer. Jour. S C ~ . ,  Bowen volume, 
RP 569-627 



Were too small t o  have any ef fec t  on the  country rocis. WE 6 . "._." 
The temperature of formation of the sulfides is e lso  pre- 

sumed t o  be high, .as evidenced by the aasoclation of chalco- 

pyri te  and sphalerite which occur in   typical  replacement tcx- F.c4..*,..- ~ . -  

turea  along the  Indian fault. Chalcopyrite and aphalerite 

\ €( rLeA) 
1 

"-----""." *,, L../ 

- ... .. . 
form homogeneous solid soLutions a t  high temperature and 

mix a t  about 35O4-4OO0 C. 
.."_I "-- 

The occurrence of high temperature s i l i c a t e s  far removed' 

from the contact  aureole suggests more than a mere temperature 

Uacline in the system from the  s l l l c a t e   t o  the sulfide  stage. 

It i e  probable that; the Influx of hot   f luids  wa8 of a pulsating 

nature   resul t ing  in  a rise and P a l l  of the temperature several , 
times, rather than a simple rise and subsequent decline. 

-i 2 

7 
i_/ 

Isochemlcal Metamorphiam 

General 

In  the purely thermal stage,  temperature  appears t o  be 

the primary factor  affecting the nature of the result ing mlner- 

a1 asaemblage. Pressure has l i t t l e  bearlng i n  this  connection 

but  is a factor  when a gaseous phase occurs, as i n  the libera- 

t ion of carbon  dioxide upon recrystal l izat ion of an impure 

limestone t o  a calc-s i l icate  rock. Rapid evolution of carbon 

dioxide is common i n  contact zones and the ensuing development 

of high carbon  dioxlde pressures during progresnive decarbona- 

t ion  of calcareoue  rocks may result   in  minerals  that  are 

'Bwrger, N.W. (1934), The unmixing of chalcopyrite from 
aphalsri%e, Amer . Miner,. vol. 19, pp. 525-530. 
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apparently anomalous In  certain  mineral assemblages. The 

s t ab i l i t y  of the calcium and  magnesium s i l i c a t e s  thua formed 

would depend on a low partial pressure of carbon  dioxide. An 

i l l u s t r a t ion  OS t h i s  is the formation,of  diopside from a llme- 

magnesia-silica rock (as In  the Impure limestone bed a t  the 

Apache mine) that would have been retarded ‘or  even  inhibited 

by. increasing  presiure of carbon  dioxide  evolved during the 

reactions.  Increased  concentration of carbon  dioxide would 

have reeulted. i n  the formatlon OS carbonates. Rowever, struc- 

tural features neneralls twovide avenues of escaDe for the  

of the metamorphic process is probably accomplished by gasea 

and other  vapors emanating from the stock  since the conduc- 

t i v i t y  o f  rocks and the  resulting rate of conduction 18 too 

lou  to  account  for the recrystall ieation of rocks 80 far re- 

moved from the source.oS  heat. . I n  addition, much. of the heat 

could be carried  by.carbon  dioxide whloh was released i n  large 

quantit ies by the Initial  metamorphic.reactions  in  limestone. 

The heat was applied by f l u i d s  rcsther than by oonduction; t h i s  

conclusion I s  reached since it is probable tha t  metamorphism , 
occurred a f t e r  the quartz monzonite had par t ia l ly  cooXed. u. / 

Furthermore, fluid transport is neceeeary In  order  to  account 

for the fac t  that some par ts  of the contact  aureole are more 

intensely affe’ctoted than  those  closer  to the igneoua contact. 

During thia  period of chemical reconstitution, it is be- 

l i eved  t h a t  the metamorphosed rocks remained essentially  solid 
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as evidenced by the similar  thickness of beds within and out- 

side of the aontact  aureole.  Reactions  involving  recryatal- 

l izat ion and reaombination of ions   in  the affected  rocks  are 

generally  thought t o  occur i n  the solid state though probably 

fac i l i t a ted  by aqueous pore  solutions  airculating  through the 

sediments. The migratton o f  ions  along  structural  disorders 

of various magnitudes including  mineral  interstices,  crystal 

boundariaa,, or even  through solids, has been suggested by some 

workers i n  the field, but it is generally  believe_dthat, a t  5 2 

Eb.P*”-t 7 a . a  

best, t h i s  process i a  insignificant under the usual  conditions 

of contact metamorphism.  Measurements of! di f fus ion   in  sili- 

cates indicate th8t the rate of t ransfer   in   so l ids  of th i s  

type are much too slow t o  produce extensive changes  even i n  

the time available during the metamorphic cycles,’ Moreover, 

the  prevalent  occurrenae of water %n the host  rock and the 

invading  rock provides an effective  agent  for  the  transport of 

heat and material. The ac t iv i ty  oP water i n  isochemioal meta- 

morphism is  indicated by the occurrence of hydroxyl-bearing 

minerals and by the larger width of aureoles around the more 

aqueous acidic  Intrusions than around mafic onea. Investiga- 

t lons by Yoder2 further emphasize the role of water for  i t  i a  

demonstrated t h a t   i n  an aqueous environment a t  600° C and 

lfi ,OOO lba/in2,  almost every mineral charaaterist ic of thermal 

processes, The earth as a plane, Univ. of Chicago Press, 7 
Chicago, p. 290. 

’Mason, Brian  (1954), The geochemistry of metamorphic 

2Yoder, H.S. (1952), MgO-Al203-Si02-li20 systems and the 
related metamorphic facies,  Amer. Jour, Sci., Bowen volume, 
P- 6159 



metamorphism may be produced, irrespective of temperature. 7 
Zoning of s i l ~ c a t e a  is a feature common t o  Contact meta- IIJ 

1- C,G- 

* 

morphic halos although this concept  cannot be readily appliedsa+ 

t o  the d i s t r i c t  here disausaed. The development of s i l i ca t e s  L+P e-, x& c $ * , u r ’  
i n  concentric  sones is ppimarily dependent upon the availa- 

b l l i t y  of fissures t o  provide  accea8 for  %he transfer of heat, 

the var ia t ion   in  temperatures from the  contact outward, the 

duratlon of metamorphism, and the composition of the affeoted 

bed. Qenerally, the concentric zones are characterized by a 

succession of si l icates  expressive of the temperature  gradient 

a t  the time of metamorphiam  and are moat recognizable where 

the temperature gradient outward from the intrusion has af- 

fected  similar beds (ideally  those where the strike ia perpen- 

d ioular  t o  the igneous  contact) and has produoed different  

minerals a t  varying distances from the contact. In the Apache- 

Chap0 district ,   acceesion of material  during the metaeomtic 

etage, the t h i n  bedded character of the sediments, the strike 

of the bids  para l le l  t o  the aontact, their visrying lithology 

along the strike, and the varying  bulk  water  content8 of the 

beds makes it d i f f i cu l t   t o   a sce r t a in  a zoning relation. De- 

spite these deterrente, however, some examples were noted of 

evidences for temperature deoline outuard from the mowce. 

Xn the trench  just  northeast o f  the Apache shaft, the shale 

beds cloeest  to  the  contact  contain  cordierite and b io t i t e  

whereas the argillites t o  the south, exposed a t  the north end 

of the open cut  have undergone moatly  mineral recrystall iza- 

t ion  and enlargement but  without the evolution of new minerals. 

1: 
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Similarly, the impure shale uni t   c loser   to  the contact gener- 

ally  contains larger and more abundant pyroxene porphyroblasts 

than the same uni t  away from the contact, A t  the 1936 shaft ,  

however, specimens from the dump contain an abundance of 

tacti te  minerals and again i n  the underground working8 north 

of the open cut,  andradite-epidote  veins  cutting  silicified 

shale were observed (Figure 12).  &at of the Chap0 fau l t ,  

taatite  veins,  outlined by the position of the workings, oc- 

cu r   i n  the quart& dior i te  plugs and sediments an appreciable 

distance from the contact whereas the sandstone beda close  to 

the contact are nterely recrrystallized. Sf zoning were a 

pervasive feature of t h i s  area, then  tactite  mineralization 

would normally be expected  only  close t o  the oontact where 

the temieratures are presumably higher, though s t r u c t w a l  con- 

t ro l  mSght make the zones anomaloualy asymmetricaZ as a t  

Leadville. 1*2 Certainly,  then,  any  conaept of zonlng as ap- 

Wfects  on Sedimentary Rocks 

The sediments  within the contact  aureole  generally behave 

according t o  the claauic  rearystall isation  theories of Harker3 

lLoughlin, Q.F., and Behre, C.H., Jr. (1934), Zoning of 

Econ. Wol. , vol. 29, pp. 241-242. 
ore deposits In  and adjoining  the  Leadville.  dietrict, Colorado, 

west rlope of the Mosquito Range, U.S. Qeol. Survey Prof. 
Paphr 235, p. 89. 

London. 

2Behre , C.H., Jr. (l953), Geology and ore  depoaits of the 

3Harker, Alfred  (1939), Hetamorphism, Methuen and Co., 



Figure 12. Sketch of toctite veins  in  chomber at 50' level of Apache  mine 
(Scale:l"= IO') \ 

Located on wall eost of fiat stope  and  below  massive  limestone  bed 

West 

bedding  plane 

" in shale 

Located at back of chamber  east of flat stope m d  above  massive  limestone  bed 
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an% they  can be distinguished according t o  grades as developed 

i n  Eekola's claaeification of metamorphic faciea,3  Closest - "" t o  ." I 

and indicate  an  &rea of moderately high temperatures and low "-5"7.-. 
/**.<*....> 

presvures. More distant ly  from the aontact,  they agree with !?:I--7 /..- 

the c r l t i o a l  mineral asaemblagea  developed i n  r O U k 8  o f  the 

epidots-amphibolite  facies, a8 confirmed by the lack of oOlclcj'b*. -&! 
plagioclare, the preaence of  large amounts of chlorite,  the i i 

ina tab i l i ty  of pyroxene, and the stabil i ty of epl%ote  or 

zo is i te  i n  preference to   snorthi ta .  Exact temperatures can- 

not be awigned  to either of the ~ W O  fac1Qa as the presence of 

airculating pore  aolutlona aould  induce the  fornation of mata- 

aorphic mineral8 a t  a much lower  temperature  than would  noxlilal- 

l y  be expected. A temperature of approximately 500° C ha8 been 

suggested for the amphibolite  facies,Z 

, I  

_ _  . .. . "~  ~~ .. "_ -. . .. . . . .. . - .. '4 E-+"& 

1.- -9 
! r c -  

The arinertrl  aassmblages of the Impure calcareous  units  in 

the Apache-Chapo d i a t r t c t   r e f l e c t  the low tempsrature end of 

Bowerr's s e ~ i c a 3   i n  which the metamorphism of 8illceoua l b e -  

stones and dolomltsa is postulated  to exhibit thirteen euccell- 

elve  reactions or eteps  in  order of increasing temperature, 
.. 

'Turner, F. J. (1948),  Mineralogical and s t ructural  evolu- 

pp. 54-60. 
t lon  of ttie metaraorphiu rocks, Qeal. SOC, Amer. Mem. 30, 

Qarth, T.F.W. (1952), Theoretical  petrology, John Wlley 

%owen, N.L. (1940),  Progreeaive metamorphism of a sil iceous 

and Sons Xnc., New York, p. 343. 

limeatone and d O l O m i t t 3 ,  JOW. Qeol., vox. 48, p: 257.. 
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result ing  In the formation of ten minerals, as follows: tremo- 

l i te ,  forsterlte,  diopside,  periclase,  wollastonite,  monticel- 

l i t e ,  ackermanite, spurrite, nmwinite, and la rn i te ,  I n  adbi- 

t lon,   ta lc  is believed to  precede t;riemolite,' and garnet is 

commonly associated with the diOP8ide zone,2. AS far as can be 

determined i n  th i s  district, there is no evidence that meta- 

morphism went  beyond the wollastonite  stage which is ueually 

the higheet grade achieved in  contact  aureoles around granit- 

i c  t o  IntermediaCe lntrusives,  Moreover, there   i s ,no  evidence 

that periclase was ever produced by partial dlseociation of 

dolomite,  since the supply of magnesia was probably  exhausted 

by the previous steps of a l te ra t ion .   . In  th i s  regard,  recent 

experimental data indicate that perhaps steps 4 and 5 of 

Bowen's series ehould be reversed, since Harker and Tuttle3 

have demonstrated tha t  a t  carbon  dioxide pressures between 

5,000 and 40,000 pal,   calcite and quartz   react   to  form nollas- 

tonite  about 100' t o  150' C below that at which periclase is 

formed. These pressures corresponding to   depths .of  4,400 t o  

35,000 feet probably represent the extreme ranges between which 

metamorphism occurred i n  th i s  area. 

of siliceous  dolomites, Miner. Mag., vol. 28, pp. 272-276. 
'Tilley, C.E.  (1948), Earlier s tages   in  the metamorphism 

gneisr and limestone i n  western  Massachusetts, Jour. Qeol., 
2Eskolsl, Pennti (1922), On contaot phenomena between 

V O ~ .  30, p. 283. 

3Harker, R.I. , and T u t t b ,  O.B. (1956), Experimental data 
on th6 PcoP - T curve for the univariant  reaction: 
ca lc i te  C &art% - wollastonite f. 002, Amer. Jour. Sci. , 
vol. 254, p. 249. 
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Additional reversals are suggested by the almost complete 

ab8enCe of forsterite and corresponding abundance of diopside 

i n  the contact  aureole. According t o  Weeks,’ the formation of 

diopside  generally  occurs before fo r s t e r i t e  mainly because of 

the general  presence of water, i n  which case more  complex re- 

actions  involving  tremolite take place.  In these reactions, 

relative reaction  temperatures baaed  upon the heats of forma- 

t ion,   in  adtfi t ion  to  other therno-chemical data, suggest that 

diopside occurs before  forsteritle. When t h i s  happens, the 

formation of diopside will not leave auffiaient magnesia t o  

produce forsterite  since  diopside  has  almost the same Ca/Mg 

r a t i o  a0 the   o r ig ina l   ~edlment .~  Thus forater i te   in   associ-  

a t ion with diopside, l i k e  the occurrences In  aome of the local  

shale beds, indicates t h a t  magnesia has been introduced. 

Evidence for the formation of ta lc ,  the i n i t i a l  step i n  

the austarnorphism of siliceous  limestone, is also  lacking. 

Ev%n If it was originally produoed, it could preEumab1;g form 

tremolite  according t o  the equation:  talc. + quartz + ca lc i te  

= tremolite + water + carbon  dioxide. 

The mineral assemblage within the impum limestone imedi- 

ately south of the limestone-rhyoiite  breccia zone conforms to  

the pattern of metamorphism described for the upper par t  of 

the temperature range corresponding t o  the amphibolite  facies 

or  the lower par t  of the temperature  range of the pyroxene- 

minerals i n  the system Ca0-Mg0-9102 - H20 and their petro- 
logical  significance, Jour, Oeol. vol. 65, p. 470. 

lWeeks, W.F. (1956), Heats of formation of  metamorphic 

2Weeks, op c i t ,  p. 261. 



hornfels  facies, The sediment,  appears to be t ransi t ional  

between the two facies   s ince  calci te  appears to have been 

the atable phase rather  than wollaaJtonite. 

me limeatone uni t  is characterized by t remoli te , ra ther  

than  actinoli te probably  because of the lack o f  ferrous  iron 

i n  the sediment. With the exception of" metasomatic s i l i ca tes ,  

the  mineral assemblage has  been,developed by the  interaction 

of  calcium  oxide,  magnasia, and a i l i ca  under conditione of 

riaing temperature,  Trernolitiaation typ i f ies  bhie imit and 

haa resu l ted . in  conspicuous  nodulea and concretions  reaching 

almoat a f o o t   i n  diameter (Figure 13). They are embedded i n  a 

recrystal l ized  calci te  groundmass. I n  some speclmena, the 

source of a i l i ca  for the tremolite is obviously  indigenoua i n  

t h s t  it is derivea from nearby microslcopic chert  lenses.and 

stringers  (Flgure 14). In  others, It is apparently  introduced, 

in  aolutions,  as i t  were, possibly from the  al.teration of alu- 

minous rouks and minerals below the area now exposed. I n  th ia  .-, 

ca8e, the prominently  developed epidotization of the monsonite 

porphyry may have liberated suff ic ient  siliba. The low per- 

. 

-centage of s i l i i a  (Table 3) likewise  indicatea  ita  introduction 5 '  
i n to  the  sediment.  Occasionally the amphibole ia ac t ino l i te ,  

a8 was noted a t  the easternmost  prospect of the Apache  mine 

division  (Plate 2). Other minerals  associated with tremolite 

include  diopside and sphene. The latter, found i n  well devel- 

oped rhombra of  high relief, ia moat prevalent i n  aome of the 

more ahaly  lensea of the limeatone. It was probably formed by 

the reaction of ca lc i te ,   s i l i ca ,  and titanium oxide. The 
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titanium OxZde may be derived from r u t i l e  (commonly a minor 

constituent of argillaceous  beds)  or from minerals such ae) 

amphibole and.pyroxene i n  which TiOZ substi tutes  for  other 

elements. In  the cases here found some, o f  the Ti02 may have 

been introduced. The oacurrence of andradite and epidote with 

the above s u i t e , o f  minerals can be at t r ibuted  to  metasomatic 

action. ' 

The farmetion of tremolite, the I n i t i a l  step not;ed i n  the 

metamorphism of the  limestone unit must have occurred i n  a 

hydrous  environment, since  f 'orsterite would have developed i n  a 

d r y  environment. Further reaction of tremolite,  calcite, and 

s i l ica   resu l ted  i n  the formation of diopside and involved re- 

placemmt of tremolite by diopside,  This reaction waa the 

highest  temperature phase attained  during the metamorphic oycle 

of t h i s  bed. Perhaps, minerals  indicative of a higher meta- 

morphic grade were  formed i n  th i s  unit,  but, with s i l i c a   i n  

'excesa,  only  tremolite and diopside  are the stable minerals. 

A l l  the  reactions  involved caused the l iberat ion of carbon 

dioxide and its eventual  release  to  the  outer margins of the 

contact  aureole  through the numerous fracturea and fissures 

traversing the unit. 

Mineral assemblages apparently  charaoteristio of' higher 

tenparaturea  than  those above were noted in   argi l laceous lenses 

within the limestone which have been recrystall ized t o  andalu- 

site, cordierite,  end plagioclase.  Andalusite is commonly of 

the ahiastol i te  variety, Cordlerite  generally  contains en- 

closed  8illimanite  needle8  (Figure 15). Sillimanite  can be 
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developed from the reaction of quartz with either muscovite or  

b io t i te ,  However,  when muscovite becomes unstable  in  reaction 

with quartz a t  6000 t o  700' C, orthoclase ie the associated 

mineral; the reaction between b io t i t e  and quartz a t  somewhat 

lower temperatwes, about 550' C, produces cordierite.' 

These relations can  perhapa best  be expressed i n  an.ACF 

diagram, t h i s  being used t o  describe a triangular compoeition 

diagram i n  which the apice&  represent three chemical components 

- A1203, CaO, and (Fe0,MgO) - which t o  a large extent  control 

the mineral development i n  many metamo~phic rock8, The amea- 

blage  described l ies i n  the upper t r i ang le   i n  the ACF diagram 

i o r   p e l i t i c  rooks which contaln  excess  si l ica and are def ic ient  

in potash (Flgure  17). A hydrous  environment i s  a lso  neces- 

sary. A n y  potash  present rnay crys ta l l ize  as orthoclase  or 

albite. In   th ia  high-temperature, nonpotassia., end relat ively o+ri 12: . JLr, 

lime-free envix.onment, andalusite and cordier i te  ape generally 

the  stable  constituente;  canveraely tnuscovite and b io t i te  are 

a etable combination. 

2*-. 
I C  

Isolated parts of these lenses  contain spinel in  associ- 

a t ion with andalusite and cordierite.  This  assemblage further 

indicates the heterogeneity ai the unit   since the mineralogy 

generally  reflects the metamorphism of a sebiment; r i c h   i n  

magnesia and de f i c i en t   i n  eZ1ica. 

Certain  deductions may be made concernlng the temperature 

gradient immediately fo1.lowing intrusion. It Beema apparent 

'Yoder, H.S., and Eugstsr, H.P. (1955), Synthetic and 
natural musaovites, Qeochim. st Cosmochim.., acta  8, p. 263. 
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tha t  the r i a e  of temperature was rather rapid  but did not 

reach any high extremes  (except in   isolated areas as shown 

above) since  tremolite occuce i n  abundance in   contrast  with 

diopside which was only  noted  microscopically, i.e., the r iae  

i n  t%mpsratwe had barely arrived a t  the point uhere diopside 

could  develop. Moreover, the rapidt.%y of the elevation of 

temperature i s  demonstrated by the formation of chiaetol i te  

which is usually  considered a product of incomplete and rapid 

c rys ta l l iea t ion   in  which there was insuff ic ient  time t o  elimi- 

nate the carbonaceous impurities. Similar crystal l ie ing condi- 

. t ions prsvaiX for the elllimanite  needles  incorporated  within 

the cordierite  porphyroblaets. 

The eadlments neet of the NiIolCinley faul t  illustrate condi- 

t ions of ieochemical mtstamorpbisn free Srom complexities at- 

t r ibutable   to  later metesomatiem. Tn eane of the argillaceous 

limestones  cloae t o  the stock, the mineral assemblage  developed 

i l l u s t r a t e s  features of ohemical reaombination i n  a sediment 

devaid of magnesia and with a relatively low s i l i c a  content. 

Individual  beds contain  crystals of grossularite;  wollastonite, 

and zo i s i t e   i n  a matrix of quarts,   calcite,  and altered feldspar 

shreds (Figure 16). All the cryetala are small and average 

about 0.1 t o  0.2 m. i n  diameter. mis development represents 

a aimple reconstitution of the calaareoua and aluminous material 

88 indicated by the aamemblage i l lue t ra ted  I n  the upper right 

t r iangle  of the ACF diagram (Figure IS), Temperatures were 

evidently high enough t o  allow for  the reaction of quartz and 

ca l c i t e   t o  form wollastonite. The temperature of  reaction 
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I , f iqurr  IS. Th.in .section of orqlllocaous lens rrithin’  the trrmolitizrd  lime- 
s t m  west of the Chapo fault. It contains  chiostolits  wifh  the  character- ’ 
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chloritized andradite.  The rccrystollized calcite matrix contoins  abundant 
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Figure 16. Thin  section of  argillaceous  limestone  west of the McKinley fwlt 
. canteining zoisife and  minute groswlorite  crystals (shaded)  ond wollastonite 
. n e e d k  (Nicols  crossed, diameter 1.45 mm). 
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ranges between 280" and 850' Of however, th is  depends upon the 

pa r t i a l  pressure of carbon  dioxide, i f  the pressure is 

low due t o  escape of Bas, then wollastonite m y  form,at lower 

taraparatures.l. The midale range of the two temperature extremes 

is believed t o  be the most probable for t h i s  reaction. Excess 

ca lc i te  In combination with available s i l i c a  and the anorthite 

component of feldspar  reacted  to form grossularite a t  similar 

temperatures suggestive of a stable association  representative 

of the pyroxene-hornfels faaiea. A t  these high temperatures, 

anorthite will be totally  lacking, 

r 
Although the mineral asnemblage reflects a so-called high 

grade of metamorphism, the presence of  miai te   ind ica tes  an , 
adfustment of the mineral sequence t o  a lower  temperature. 

Zoisite may have reeulted from the interaction of anorthlte, 

exoesa ca lc i te ,  and water. Xn th i s  cam, the formation o f  

zois i te  may be a t t r ibu ted   to  the saussuritirratlon of feldspar 

whereby the anorthite component is aotsrd upon by water, either 

connate  or from an  extraneous sowoe, thus  l iberating lime, 

s i l i c a ,  and alumina, which  recombinetf t o  form zois i te ,   Perr lc  

i ron may also  enter   Into the reaction, forming pistaoi te  rather 

than  eolsite. 

~~ 

The impure sha le .uni t  has an interest ing mineralogy and 

general ly   i l luatratea ' the  effect  of isochemical metamorphism. 

However, the e f fec ts  of circulating-pore  solutions or hydro- 

thermal solutions or both  account for the Pact t h a t  the original 

llhnielsson,  Allan (1950) , Das Calcit-Wollastonitgleichgewicht, . Oeochim. e t  Coemoahim., acta 1, pp. 55-69. 
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mineralogy, once indicative of the amphibolite  facies, is now 

representative of a somewhat lower grade. The unit; is usually 

green colored, very f i n e  grained, and massive, although bedding 

was occasionally noted in   thin  sect ions.  Microscoploally, the 

sediment conaiata of porphyroblasta of badly altered diopside 

and occaslonal  hadenbergite In a matrix of feldspar now so 

heavily chloritized as t o  be almost  unidentifiable. The feld- 

spar was probably originally  orthoclase and plagioclase. Lcsser 

quantit ies of ac t ino l i te  and reory&allieed qwrtz and ca lc i te  

were a l so  observed. The ACF diagram for thlsr facies  shows that 

the mineral aseemblage developed  through the interaction o f  

alumlna, lime, and magnesia in the  presence of excess   s i l ica  

and potash.  Since  potash wan excessZve, andalusite and cordi- 

erite were prevented from developtning, ana orthoclase could 

cryrtal l iee   within the three phase assemblage (a5 shown i n  the 

sha6ed triangle of Figure 19). 

Diopside has undergone two different  al teratione,   In one, 

the reactian with water and carbon  dioxide a t  lowered tempera- 

ture has resulted  in  the formation of tremolite which occurs as 

needles and prisms i n  replaaement fashion along; the outer edges 

of diopside crystals.  Analogoua a l te ra t ion  of  hedenbergite hers 

resulted  In the development of act inol i te .  The aeoond al tera-  

tion  proceas, presumably under.tha  influence of hydrothermal 

solutions, promoted the conversion of diopside  to aluminous 

augite whereby s i l i c a  is replaced by aluminum (Figure 21). To 

corapanaate for the valenoy change thereby produced, aluminum 



' 138 

may also  enter  the magnesium position.'  Slnce  the  iona in -  

volved in   thie   subst i tut ion are of a comparable %tee, there is 

no apparent  distortion  In  the  reaulting  crystal, Further sub- 

s t i t u t ion  i n  an aqueous environment has caused the formatton 

of aluminous  hornblende. As the crystal   etructure of horn- 

blende  alloner it t o  l i t e r a l l y   a c t  l ike a sieve, it  is mo8t 

probable t h a t  many elements have entered its structure and 

a l t e r ed   i t a  composition. Certain t h i n  aections  point  to the 

replacement of lima by eoda caueing the formation of perrgtasite, 

In  addition, the hydroxyl radical may be regilaeed by f l u o r h e ,  

As i n  pyroxene, aluminum replac@a both s i l i con  and iron, and 

~mgnesiuw.~ The alumina for aluminous  pyroxene and hornblende 

is probably derived from the breakdown of the anorthite mole- 

cule of plagioclase  feldspar  in  areas removed from the sedi- 

ment. Excess alumlna.haa  doubtless been u t i l i zed   i n  the de- 

velopment of' chlorite. 

The latest alteration  process affecting the sediment i s  

the  conversion of ferromagnesian  porphyroblasta and the f'csld- 

spar matrix to   chlor i te .  Hydrothermal solutione are asrewed t o  

bs PespQnsiblb fo r  the  decompoaition. The lime releasled during 

chlor i t ieat ion has become fixed as ea ld i te  probably by reaction 

with carbon  dioxide.derived from the s i l i ca t ion  o f  the adjacent 

limestone  unit. 
C 

'Ramberg, op c i t ,  p. 65. 

%ason, Brian (1952), Principles of geochemistry, John 
Mlsy ana Sone, Ino., New York, p. 308, 
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Since  the  composition of most  argillites  is  markedly 

heterogeneous,  minor  amounts of minerals  not  in  complete  agree- 

ment  with  the  common  mineral  assemblage of, the  above  shale  unit 

were  obaaerved. Some of the  shale  beds  closer  to  the  contact in 

the  western  part af the Chapo mine  division  characteristia of 

an  impure  marly  sediment  deficient  in  silica  are  composed 

prlmerily of a diopside-forsterite-spinel assemblage,  There <"," k!:.;.-...! 'v' +o - i  

fors%erite OOCUTB as  relicts  almost  wholly  converted  to  antigo- '$+ &vf- 

rfte  and  possibly  brucite  which  is  believed  to  develop  in  the 

presence o f  water  vapor  at  temperatures'  generally  below 400% "3 \- 
and  at  preasurea  varying  between 2000 and 40,000 psi.l Spinel 

is noted  in  black  or  dark  green  isotropic  czyatala.  Orthoclase - 

or plagioclase,  which  compoae  the  altered  groundmass,  can  exist ' 
as an additional  mineral  in  equilibrium  with the above  assemb- 

rage.  Minerals of lesser abundance scattered  throughout  the bed 

and  attributed  to  purely t h e m 1  origln  Include  magnetite  and 

pyrite.  Minerals  apparently o f  metasomaf;ic  origin  include  apatite, 

fluorite,  andradite,  and  hematite.  The  principal  three-phase 
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' mineral  asaemblage  with  calcite  is  indicated in the  shaded  tri- 

angular  area of an ACF diagram  (Figure 20) . 
Further  evidence of the  heterogeneity of the  shale  unit 

is afforded by some o f  the  other  beds which demonstrate  the 

recrystallization of constituents  under  temperature  conditions 

less  extreme  than  those  oloser  to  the  igneous  contact. The 

shale  stratum  exposed  at  the  %rench  north of the  open  cut 

lBowen, N.L. , and  Tuttle, 0 3 .  (lghg), The  system 
WgO-S102-H20, ffeol,  Soc.  Amer,  Bull. 60, p. 452, 
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ACF diagram f o r  silica-deficient rock 
I 
I 

I containing calcite in  Ca0-Mg0-AI2O3- 

SiO, system (Turner, 1948, p.75). 
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Muscovite I 

Figure 19 

ACF  diagram  for  argillaceous  rocks 

with  excess S O ,  and $0 

( Turner, 1948, p. 78 1. 
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contains  epidote,  cordierite, and b io t l te  porphyroblaeta,  to- 

gether with quartz?' orthoclase,  albite, and oligoclaae. The 

occurrence of cordier i te  and b io t i t e  suggests the interaction 

of Quartz,  alumina, and magnesia i n  a potassio environment. 

The preaence of epidote  again  indicates'the breakdown of 

anorthite  in  contact with circulating solutionla. As t h i s  bed 

is  nearly  contiguous with other shale beds of the aame uni t  

that contain  altered  diopside, i t  is probable that during 

ura l i t i ea t ion  there was accession, o f  water, while lime, s i l i ca ,  

alumina, and i ron were released which reacted with minerals i n  

s i tu .  Those constituents that were Zn excess Weria probably 

then  remobilixed and transported where they  reacted with 

plagioclase  to form epidote.' A 8  such, the reaction may be 

uaed 88 a guide t o  temperature.  Equilibrium dlagrama indicate 

that when plagioclase i n  contact with alkaline  soluticrns is 

cooled t o  400O C, epidote will s t a r t   t o  form. Furthermore, 

the plagioclase of composi%ion 20 An (approximating  oligo- 

c lase)  is i n  equilibrium with epidote €it 300" C.' 

Shales di rec t ly  t o  the  south have been re la t ive ly  un- 

affected and generally  reflect  a mineral aasemblerge charactar- 

i s t i a  of the intermediate  green.schist  facie$.  Interpreta- 

tions of the temperature  involved i n  the reactions OccuPPing 

i n  t h i s  area avo complicated by the presence 09 abundant 

hyaraua  minerale, the production of which is primarily governed 

'Ilblrpum, 3.R. (1954),  Formation o f  epidote  In Tanganykia, 

2Barth, op c i t ,  p. 285. 

Qeol, 900. Amer. BuZl. 65, p. 1085. 
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by the prevailing water pressure. The overlying argil l i te a t  

the north  face of the open cu t~cons ia t s  of a mozaic of minute 

recrystall iaed quarts, calol te ,  and orthoclase  grains sur- 

rounded by sericite shreds and chlorite. Minor biotite and 

recognizable  crystals of gotassiw mica were a lso  noted and 

probably formed from the ohlorite,   sericite,  and iron of the 

original sediment. The underlying argillite contains  reCFystal- 

linced orthoclase and plagioclase  in  a fine  grained  undifferen- 

tiated groundmass  of s e r i c i t e  and chlorite. In  this locale, 

it seems apparent that the e f fec t  of temperature elevation was 

insuf f ic ien t   to  cauae other  than minor recombination of sub- 

stances, although  recrystallization could  proceed t o  completion 

as indicated by the marmorization of,' limestone to   ca lc i te .  

I 
The interbedded  sandstone  unit has suffered l i t t l e  meta- 

morphism other  than the recrystal l izat ion of quartz  grains al- 

though the interaction of minop  amounts of  calcite;   chlorite,  

and kaolin with quarts hae resulted  In the development of epl- 

dote,   bioti te,  and_ spinel (Figure 22). IIrimeatone beds within 'JI&,+ t3 
-/A I ;  

t h i s  un i t  have been solely  recrystall ized and accordingly p-" 

coarsened in   g ra in .  Calcareous shale beds, particularly a t  2 
the Ghapo mine, have been subjected to   in tense  metasomatism 

re su l t i ng   i n  the development of mineralisation with andradite, 

epidote,  iron  oxide, and chalcopyrita. 

." ?a 

b.2- 6 3  

Effects on  fgneoua,  Rocks 

Xgneous rocks  intrusive  into  the  sedimentary  euucession 

have a l so  been metamorphosed. I n  almost a l l  of the observed 
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.Figure 21, Thin  section of  impure  shale  west of the  Indian  Dran 
containing  diopslde  parphyroblasts in  part converted to  alumlncus j 
pyroxene  and aluminous hornblende.The groundmass is heavilv  chicr. ~ ! 
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Figure 22. Thin  section of sandstone  bed  west of Chapa fault and just ' I '  

north of the Apache fault. It is composed of  interlocking  quartz grains I f ' .  
i l l ' lrtrative of recrystallization. Other  minerals include  intersertal epidote, I 
spinel, chlorite,and sphene (Nicols crossed, diameter 1.45 mm). 

i .  
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specimens and outcrops  quartz  diorite is strongly  epidotized; 

however, this may r e f l ec t  original deuter ic   a l terat ion  ra ther  

than that caused by subsequent metasomatism. Calcite, perhaps 

derived from the or ig ina l   a l te ra t ion  of plagioclase has been 

recrystallized.  Veinlets of garnet,  epidote,  magnetite, apecu- 

lari te,  and aluminous  hornblende are common (Figure 23). Apa- 

t i t e  and sphene,  though minor constituents, are abundant enough 

t o  suggest  the  introduction of fluorine, phosphorus,  lime, 

and ti taniwn . 
Monzonite dikes and plugs within the  contact  aureole are 

strongly epidotized and veined with quartz. The matrix is 

coarse  grained due to   recrys ta l l iza t ion ,  a factor  which dis-  

tinguishes It from the monzonite north of the Indian  fault. 

Rhyolite dikes  and sills 8outh of the fndian  faul t  are 

singularly  unaffected by isochemical metamorphism. Also, 

these  intruslvcs, as well as the others mentioned above, have 

had no metamorphic e f fec t  upon the surrounding  rocks,  probably’ 

because there was not enough heat generated  relative  to  their  

small  areal  extent.  Rhyolite, however, is influenced by meta- 

somatism. Some isolated sills east of the V-P, Day Shaft con- 

tain  epidote  veinlets of megascopic size. 

Evidence  of metamorphic effects within the rocks on the 

igneous  aide of the  contact is not  noticeable  in  outcrop. 

Quartz monzonite was only  altered a t  its outer,  chilled margin 

to.judge by the f ac t  that i n  eome th in  sect1ons:epidote veinlets  

a re  found containing  associated  magnetite (Figure 24). 

, 
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or 

u+J U#JUlllr: 

ep epidote 

mg  magnetite 

or  orthoclase 

Figure 23 .Thin section of quartz  diorite porphyry west of rhe Chap 
fault. Veinlets of epidote are  cut  by  magnetite.  Apatite, apparently  earlier 
than magnetite, is  associated with  epidote  although  seemingly  later. 
Its  introduced  nature  is  evihnt. Orthoclas6 has been partially  albitized 
I Nicols crossed, diameter 1.45 mm) 

bi  biot i te 

ep epidote 

mg magnetite 

or orthoclase 

pl plagioclase 

qz quartz 

Figure 24. Thin  section of the swthern  chilled  murgin of quartz  monzonite 
Porphyry west of the Chapo  fault. The section  contains  arthoclase,greatly ' 

fine. grained  matrix. An epidote-magnetite  veinlet  traverses  an  orthoclase ~ 

Scricitized,plagioclase, biatite,and resorbed quartz  phenocrysts in a  very ' 

phmocr#6t (Weds crowd, diameter 1.45 mm). 
~ ~~ 
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The porphgritic  rhyolite dike Intruded between the stock 

and the aediment aimilarly shows a lack of features at t r ibutable  

t o  purely thermal metcarnorphlsm, The mlneralogy';-$.-aeen in   t h in  { 
sections, is of the contact metasomatlo type. These alidea,  to- ' 
gether wltn ai+uctural and textural   re la t ions vis ible  i n  the 

outcrop suggest that the porphyritic  rhyolite w8s intruded some- 

time toward the end of the metasomatic period. This is vali- 

dated, on the one hand, by the limestone-rhyolite  breccfa which 

consists o f  qusrte-cemented  fragments of rhyolite,  limestone, 

8hale, tacti te  minerals,  and monzonite and quartz moneonite; 

aoae of which are shown i n  Figure 25. On the other hand, the 

rhyolite immediately north of the breacla eone a t  the fndian 

shaft contrslns microveinlets of game% and .eplaote (Figure 26). 

of &" .:. . 
_ _ ~  ,.... ~ ... , .. . . 

, , ..... ~ ~ ,, . . - ~ "  ... - _. - 

Allochemic81 13etamorphlsm 

A Review oi the Process 

The allochemlcal metamorphic or contaat metamorphic stage 

is generally  believed t o  be clue t o  an'exchange of  ions between 

minerals of' solid  rocks and extraneous fluids. These mag 

e i ther  be aqueous or gaseous and are usually r ich  i n  elements 

t h a t  are deficienl; in the aupgtn8.l The, migration of these f lu ids  

and the sebeequent metasomatism is seemingly highest when there 

18 a great contrast   in  temperature or ahemical  aomposltlon be- 

tween the intrusion and the surrounding  rocks. ThepIe conditiosa 

are adeguatsly  fulfi l led  in the quarta-moneoni~e-lia96stone sone 

lLodochnikov, W.N. (1936),  Serpentine '2nd ' & e n t l n l t e  d e r  

u' 

4 

38 (English  abst.). 
X~tschir lageretat te ,  U.S.S.R. Central Oeol. Pro&. Inst. , Trans. 

L,+ &" &C-, "IYI-C +e"d pr, ->..~.I . 

9 h+-+-y"C4'-..r. #A**-.-.-*. +. <$ I c L2:& &LA ' Luv, ,*-p."?. ..~ ;.."Ti. &I 

".t.L" 4, A- @A- ," d. ; ) w i  c; 
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Figure 25 .  Thin  section of limestme-rhyolite breccia just  north of the 
Indian  shaft. The section  shows  the  cementation  and  replacement of 
Of quartzose shale fragments,  andradite, epid@e, and calcite by 
vein  auartz  (Nicals  crossed,  diameter 4.4 mm). i 

~ 

al allanite 

pa garnet 

li limonite 

i -  

.;, i 

Figure 26. Thin  section 9f porphyritic  rhyolite  dike  intrusive  into the stock 
east of the V-E Day shoft. A string of garnet cryhols (of unidentified nat- 
ure) apparently  confined to a fracture traverses  the  rack.  Associated 
minerals  include  allanite, with  brown  pleochroism,  and limonite presumably 
k i v e d  from the oxidation of  hematite  or magnetite. The matrix consists of 1 

minute  quartz crystals, glass,and sericik shreds  (Nicals  crosred,diameter 1.45hnQ. 
~~ ~ ~~ 
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here diacuesed. 
r ,  

The reactions between the solid rocks and the introduced 

f l u i d s   i a   o f t e ~ i o n c e i ~ e d  in terms of  mobility.' This is 

exemplified by the impure limestone  unit  south of the Indian 

fault, containing  relatively immobile  components (such as 

CaO, silo2, and A1203) subjected  only to  diffusion  transfer 

over minute distances and reaated upon by a solution of mo- 

bile components  (H20, C02, Mg0, PeO, and the l i ke )  which have 

relatively  constant  concentrations. The formation of the 

andradite-epidote tacti te zone i n  the tremolitized limestone 

would then be due to  a simultaneous  adjustment between the 

immobile conatituenta and the mobile constituents. The vari- 

2 

I 
! g- 
I I &":::, td" 
I "- 

at tons i n  f i n a l  compos%tion of the tactite aone is thua  cauaed! 

by the addition and subtraction of elementa of different  mo- 

bi l i ty .  Moreover, i t  i e  aleo probable tha t  differences of 

temperature and pressure were not  necessary t o  produce th i s  

mineral assemblage, although the temperatures were probably 

higher near the source of the altering  solutions.  
>", < \  , , 1. ,:< i' 

It is d i f f i c u l t  t o  in fe r  the temperature and pressure ". .. ~ 
.. 

conditiona of an open  ayetem similar t o  that  described above 

namely because the same mineral asaemblage may result from 

diaaimilar  reactions that occur a t  different  temperatures, 

generally lower  then  those  determined  under ideal laboratory 

conditions. The formation of a metasomatic mineral  suite I 
probably take8 place under the  very lowest pressure and temper I,; L .  

ature within the s t a b i l i t y  f ield of the respective  minerals. 
{ , " ?  

'Korzhlnsky, D.A. (1945), Formation of contact  deposits, 
Acad. Sci. U.S.S.R. Bull., Ser. Oeol. 3, pp. 12-33 (English 
abet.). 

~~~ ~ ~~ 



The  degree of metasomatism  within  the  contact  aureole  is 

largely  determined by (1) structural  avenues  (including  pore oh"..-3 
spaces)  for  the  solutiona, (2) comgositlon of the  solutions, 

(3)  temperature  and  pressure  of  the  solutions,  and (4) litho- I 

logic  and  chemical  character  of  the  invaded  rocks.  Other 

contributory  factors  include  surface  phenomena  such  as  sur- 

face  tension of the  solutlon  against  the  various  minerals  ana 

the  shape  and size of the  mineral  The  prevalence of fis- 

sures  and  fractures  through  which  the  fluids may gain  entrance 

to  the  country  rack  is  evidenced  by  the  intense  metaaomatiem 

that  the  sediments have undergone in the  vicinity o f  major 

structural  weaknesses  such  as  the  Indian and Chap0  faults. 

Literally  every  tactite  zone  in  the  area  can  be  attributed  to 

some  sort  of  structural  break. It is m a t  probable  that  frac- 

turing  controlled  all  phases  of  metamorphism  except  perhaps 

the  early  recombination  and  recrystallization of the  thermal 

metamorphic  stage.  The  influence o f  temperature  and  prea'sure 

la  important  insofar as it  affects  the  chemical  po.f;entials of 

the  reactants  which  in  turn  determine  to mme extent  the  field 

of stability of the  resulting  mineral  assemblage.2 Xn general 

a higher  temperature  increases  the  solubility of solida  in 

solution  thereby  enlarging  the  metasomatic  effect,  The  third 

factor  mentione6  is  illustrated by the  fact  that  close  to  the 

contact  the  more  chemically  active  limestone unit.1~ almost 

completely  replaced  by  tactite  and  garnetite  masses  whereas 

i 

lverhoogen,  Jean (1948), Geological  significance of s u r -  

2Turner, P. J., and  Yerhoogen ( 1951) ,Igneaus  and  metamorphic 

Pace  tension,  Jow.Geol.,  vox. 56, g .  210. 

petrology,  McGraw-Hill Book Go. Inc., New  York, p. 37. 



the less active shales and sandstonee have only been sllghtly 

alterad and the metaaomatlc s i l i c a t e s  where present are con- 

fined to  velns.. Perhaps the reaeon why limestone I s  more 

readily  replaced In t h i s  altuatlon I s  that it has suffered 

more cmusbllng and brecclatlon and therefore I s  more acces- 

sible t o  Introduced  solutlona.  Furthermore, the oonflnement 

of t ec t l t e  zones to  limestones rather than to   other  beds may 

be due t o  l t r  greater suscept lbl l f ty   to  t h e m 1  actlvatlon.' 

An adilltlonal footor governing the extent and Intensity 

of  metaaomatlern la, the degree of olosure, %a an 09,gen system 

allows for considerable and repdat;ed Introduction of material 

In to  the system and the concomitant l iberat ion of volat l les  

out of the system. Thle factor  I s  obvlouslg related to  s t ruc-  

tural Seaturea an&' t o  the amount of sedimentary uovsr. 
ff, i Y 6  I tS0 (,="2+'-. e-,-.-. 4 =.ei',.+ 

\'+".,f'&. p- c .... ( ."..-') -,*.)#A,, ?' 
Effacta  In the Contact  Aureole 

Following the lntrurrion  of the oompoelte stock and I t a  

subsequQnt loss of heat t o  the surrounding  rocks, the magm 

aolldlfled with the  separation of solutlone  contalnfng varl- 

oue associated components. The latter tended t o  eoncentrate 

along the mrglna of the magma chamber where the temperature 

and prcaasure were lowest. Some of the water my have been 

derived from the sedimentary host rocks  In  tbat the heating 

ef fec t  of the magma raised the water preaawe oauslng its 

diffusion  into the These marginal solutlona am 

'Sullivan, E.J. (1957) , Heat and temparaixre i n  ore 
deposltlon, Econ. oeol.,  vol. $2, p. 20. 6%. T.Cr, ( <>-, i , ,  - 
In  rock melts crust  of the earth, Oeol. SOC. Amer. Sp. 
Paper 62, p. 491 " 2  

'Kannedy, Q.C. (1955), Some aspects of the ro le  of  water -+-h+c 
p.\p'.&.+, ?) . 
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believed t o  have remained i n  the eous state i f  the pressure 

was low or In  ,the llquld state If the pressure was high.' It 

I s  genarally held that  the ear ly  formed s t l lcatss ,   par t icular ly  

those  near the aontact,  resulted from pnsumatolysls whereas the 

oxides and sulfides reflect   conditions of lowered temperature 

and subsequent hydrothemna'f deposition. 

L /-I' 
L,.;' ,t-b"... '1 

.. . 

1"". 

Four dis t fnc t  stages of allochemioal metamorphism are ob- 

served i n  t h i s  d i s t r i c t .  The varloua stages noted may be caused 

by the change i n  physical etate of the altering solutiona, re- 

duction i n  temperature of these solutions, change i n  composition 

of the transgreoslng f l u i d s  as the crystal l izat ion of' the magma 

proceeded, or changes i n  chemicral composition due to  reactions 

between lsolutlons and wall rocks and between the solutions or 

other  circulating waters. 

The . f'irst stage follcmed clolse upon or was almost con- 

temporaneoua with the ini t ia l  period of' intrusion and subsequent 

elevation of temperature, It reeulted i n  the precipitation of 

large amounts of sndradite,  epidote, and henrecite. Associated a*- vA-~- 

halide minerals ( f luor i te ,  apatite, and rare scapolite), are rAG 

minor but  ubiquitous  minerals  attributable  to a l a t e r  phase of 

th i s  stage. In the tremolitized  limestone unit, black  oxidized 

rima of t a c t i t e  surround and partially  traverse  tremolite nod- 

ules. East of the Chapo fault ,  shales of the infmrbedded shale 

and sandstone  unit are heavily  mtaaomatizsd and many of the  

veins contain  scheelite. The t ac t i te   ve ins   in  the underground 

workings of the Apache  mine usually  contain  associated chalco- 

p-L..? >'".. 

ad.,.. rt' 
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pyrite. Epidote is occasionally of the a l l an i t e   o r  piedmontlte 

variety,  indicativs of the Introduction of rape earth earth 

elements and manganese reragectiveLy. 3n general, the first 

stage Is purimd by ,a  notable IntrMliuotIon US ferrio iron. Some 

of .the element inay have been derived from the:diSPerentiatlon 

of the magma which.woulB be exwc2;cd alnce the iron-rich miner- 

als aw the first to   o rys ta l l ize  In a magma. Howewf., much of 

It may stem from the decomposition of ferromagnesian s i l ioa tes  

of surrounding or  underlying rooks. In both caeeb, the Iron 

wa0 originally i n  the ferrous state and was subsequently 0x1- 

dised t o  the f e r r i c  state, probably w&er well aerated condi- 

tions. 

The s # @ n d  stage m y  be refer red   to  a8 a perf& of' oxide 

preoipitation i n  which magnetite and lesser amounts of scheel- 

i t e  are deposited. This a tam,  though probably  not greatly 

separated  in tlme from the previous one, marks a change i n  the 

metasotaatising  solutiona inthat partly ferrous  iron oxide is 

much  mope conspiauoua, Some OS the magnetite m y  be 'a  r e su l t  

of th% reduotion-of hrsmatite by latex. sulfide  solutlona. A 

chlorite-quarts  stage may have preceded the magnetite atage, 

although the evidence for it i s  not   ent i re ly  convincing. One 

of the %ectite  veins east of the Chap0 f a u l t  illustrates the 

replacement of chlor i te  by both  scheelite and magnetite 

(Pigwe 27). 1% is believed that chlorxte developed  through 

the breakdown of andradite. Moreover, further evidence is af- 

Sortied by chlorite-quarts  velnlete that traverse andradite and 

epidots  porphyroblasta i n  limestone and shale, although its 



relationship  to  oxides  is  not known in  these  cases.  Also, the 

feldspar  matrices  of  shales  close to  the contact  have  been al- 

moat  entirely  chloritlzed. It is  thus  possible  that a "retro-, 

grade"  effect  (conversion of pyroxene  to  amphibole,  garnet  to 

chlorite or idocrase)  that  have  affected  the  sediments  may  have 

occurred  .during  this  period  (Figure 28). 

Hetasomatiam  closed  with  the  depoarltion of sulfides 

either  in  open,  uncontaminated  flssuree, as at  the  Apaahe  mine, 

or together  with  oxides and silicates as at  the  Chap0  mine. A 

final  minor  period  of  deposition  is  represented  by  the  occur- 

rence of quartz,  calcite,  and  aragonite in fissures  usually 

distant  from  the  quartz  monzonite  contact.  Some of the  quarts 

is  of  the  jasperoid  variety,  suggesting  the  deposition  of 

excess  Iron. 1,. , dJ--c.-.- fl 

It  is  generally  believed  that  the  deposition of tactite 

silicates  and  oxides  results  from  pneumatolytic  introduction 

whereas  the  occurrence of sulfides  and  alteration  minerals  is 

caused by hydrothernal  activity,  albeit  in  certain  caaes  at  a 

high  temperature.  For  example,  pyrophyllite,  noted  in  some 

specimens on the dump around  the  Apache  shaft,  is  believed  to 

be  caused by the  action of acid  solutions  upon  feldspar  in  the 

"" 

presence o f  excess  water  at  temperatures  ranging  between 42OoC 

and  575OC.l At a  somewhat  lower  temperature,  the  formation of 

prehnite  due  to  the  effect o f  hydrothermal  solutions  upon  calc- 

aluminous  silioates is a further  Illustration, 

A&?O~-SIO~-H~CI, Amer.  Miner.,  vol. 39 , p. 881, 
 ROY, Rustum,  and  Osborn, E.F. (1954) , The system 
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! Chopo fault.  Chlorite and calcite are cut by scheelite  and  magnetite 
Figure 27.Thin  section of tactite zone from a  tunnel  just  east of the 

The  magnetite  has the platy habit  characteristic of sprcularite thereby 
1 .  1 Indicating  replacement. It is also strongly magnetic.  An apatite  crystal is  

cut by magnetite ( Nicols crossed,  diameter 1.45 mm). 
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Replacement 

The  metasomabic  selective replacement.of the  country  rocks 

in  the  contact  aureole  due to the  introduction  of  fluids  prob- 

ably  involves  a  volume-for-volume  change  as  suggested  here  by 

structural  conditions. The fom o f  the  folded  sediments 

abutting  against  the quartz monzonite  intrusion  Is  due to tan- 

gential  preesures  operative  toward  the end of  the  Cretaceous 

period.  Comparison  with  other  folds In  the  oentral  Apache 

Hills  shows  that  there  was  no  appseciable  flowage  and  subse- 

quent  thickening  or  thinnlng  of  beds  following  the  intrusion of 

the  composite  stock.  Metamorphism  in  this  distsict  apparently 

affected  the  gently  folded  beds  without  altering  its  original 

fom. Variations in width of outcrop  and  apparent  thickness 

of beds  are  due to north-south  fault  fissures of pre-mineral 

origin. 

. 

That  material  has  been  introduced  in  abundance  Into  the 

aedimentiary  rocks  surrounding  the  Intrusion  can  be  shown  by  a 

comparieon of? metasomatlzed  and  non-metasomatized  portions of 

the  same  bed e8 exemplified  by  the  analyses of the  altered  and 

unaltered  limestone  bed  that  crops  out  along  the  Indian  fault 

from  the  McKinley  fault  to  the Chap0 fault  (Table 3) .  In  the 

following  paragraphs, an attempt 1s made to &emonstrate  quanti- 

tative  estimates  of  gains  and losses of various  chemical  com- 

pounds  according  to  Lindgren.1 

Utah,  Qeol. SOC . Amer.  Bull. 35, pp. 507-534. ILindgren,  Waldemar  (1924) I )  Contact  metamorphism at Bingham, 



Table 3. Comparative  Analyase of Unaltered 

(W.H. Herdsman,  Edinburgh,  United  Kingsom,  Analyst) 
and  Metamorphosed  Limestone 

Analysis 1 (unmetamorphosed  limestone) Analysie 2 (tsctite  zone) 

SI02 5.40 35 e46 
A1203  nil 4.13 
FeO 0.44 2.64 
Fez03 0.37 19 e92 
C%O 
WO 

52.73 
0.76 

c1 nil 
F 

32 956 

GO2 39.62, 1*22 3.4 
0.02 

0.02 0.05 

99 34 99 *45 
- 

The two analyses  above are taken  from  the  same  limestone 

unit  that  crops  out on the  inner edge of the  aureole  which is 

separated  from  the  quartz  monzonite stock by a limestone-rhyo- 

lite  breccia zone. In computing  the  gaina and losses  in  the 

sediment,  certain  exceptlons  ehould be noted. FOP purposes of 

recalculation,  fluorine  and  chlorine  have  been  omitted  from  the 

quantltatlve  sstlmates  since  their  percentage  is  too  smakl  to 

have  any  signifloant  results,  particularly  since  they oan 

either pass through  the  system or fill  voids  in  silicate  lat- 

tices. 

Table  3a.  Calculated  Mineralogical  Composition LJ-~.:' '. f '.I 
~ .. .. .&< ~-?' 

-... . ' 

Analysis 1 Analysis 2 
- 

La~..tic..'f. L .  1 
1 

aalcite 91 33 
magnesite 
siderite 0.70 

1.52 

quartz 5.40 
iron  oxide 0.37 

99 32 

calcite 7.81 
diopside 6.64 
epidote 29.28 
andradlte 
magnetite 33:ii: 
hematite 1.16 
quar tz A. 14 04 

101.71 



There is a calculated  excess of 1.8996 i n  epidote as thc 

amount of water i n  the rock wa8 not  analyzed. In  addition, 

there i s  a slight exceas of alumina in  epidote  because the 

composition was determined on the, basis of A1:Fe = 3:l. T h c  

first analysis is deficient by 2.W carbon  dioxide. 

The bulk  specific  gravitiea of the two analyses (Anslyr 

mineral weights by the densit ies of the individual  minerals 

The figures thus  calculated compare favorably with those ob. 

tained by laboratory  determination. The gains and losses 11 

grams per 100 cubic  centimeters were derived by multiplyling 

the calculated  specific  gravity by the several analyses as- 

suming that no expansion or contraction has occurred. Constf 

volume of the folded  sediments is evidently a val id  asaumpti 

- .- 

i n  view of similar thicknesaes of beds within and out of thc 

contact  aureole. 
1C.i: 

Table 3b. Qains and losaas in  Gramrr/cc a 
Analysis 1 Analysis 2 Difference1 

The tabulation OS gains and losses   in  t h i s  case appare 

ly   ind ica tes  that  the.metasomatiaed zone has gained large 
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amounts of siliaa and f e r r i c  oxide, an8 only moderate amounts 

of magnesia, ferrous  oxide, and alumina. Correspondingly, there 

in a large los s  of carbon  dioxide and less of lime i n  the un- 

altered portion of the limestone. The considerable  transfer of 

material t o  and from t h i s  wit cannot be accounted for by local  

exchange of material but implies a mas8 introduction of ions, 

notably silica and f e r r i c  oxide, from an  external source. 

." 

The lack of olumlna in the unaltered  limestone  points 

tward  its introduction  in the formation of the calc-sil icate 

minerals. Presumably, alumina is derived from the magma though pt ?": 

the ~ l y s e a  may r e f l ec t  a chance selection  since lateral vari- b+'* 
at ion in the composition  of  sediments is not uncommon.  An 

analogous explanation may likewise hold for magnesia, There ; & c * ' . " '  j k"" 
doeu not appear t o  be any general  additPon of magnesia; how- , ,+" 

ever, the removal of lime may have Increased the (Irlg,Pe)O/CaO .?*<<..-it' 

r a t i o  t o  a point where the s i l ioa tea  are now re la t ive ly   r icher  C k S e > : c  

i n  magnesia than  normally  anticipated. 

I 
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A comparison  of analyses from .the metasomatieed and una "J- 3""- 
altered parts  of the impure ahale unit immediately adjacent to  ~ ~ f ~ . ~ k ~ ,  

7 >i., 

the limestone bed discussed above, ttinrflarly indicates the 
.&.~4 pL- 

A' 1 
vi-l 

mass introduction and removal of chemical compounds. Quanti- 

tative relations,  analogous to  those  previously prepared, may 

also be developed, but  considering the inaompleteness of the 

analyres - 92% or so i n  both  cases - they were not oomputed. 

A glance a t  Analyses 3 and 4 listed below (Table a), indicates 

a sitwation  in 8ome respects the reverse of t ha t   i n  the lime- 

stone. Lime, magnesia, and lesser amounts of f e r r i c  oxide, 

*-ti; .' 
1 

* c  

bJ 6 E 



carbon  dioxide, and alumina have been added whereas sllica and 

minor  amounts  of ferrous iron have been removed. It appears 

probable that some of the lime added t o  the shale' t o  form epi- 

dote and aalcareous amphibole i n  Part compensates rot. the lo s s  

of lime endured by the adjacent llnrestone during metamorphism, 

The s i l i c a   l o s t  by the  shale can a l so  be partly accounted for 

by the numerous quartz veina that occupy the north-south f a u l t s  

and fissures. -The loss  of  accompanying ferrous oxide is proba- 

b ly  responsible for the formation of' jaspexold  veins, some of 

which were observed a t  the  eastern edge of the Apache  mine 

division. 5 :,"e? "" r r - e  0.~2 I > "2 ()&...&,f ..,., ~ , a f  

5;D  ~ ~ cB( 0 .Le ,+.x* - .- "...-? -2- 2 "f .fef.n *, 

Table 4. Comparatlve Analyses of Unaltered and  Metamorphosed 
Shale (W.H. Herdsman, Edinburgh,  United Kingdom, Analyst) 

Analysis 3 (unaltered  shale) 

72.02 
13.37 
4-93 

1.16 

ni l   or   t race,  
0.62 

N i l  
traces 
0.04 

92.14 
- 

Analysis 4  (mtamorphoshed shale) 

55.03 
15 43 
3.34 
0.58 

11 .a4 
6.03 
0.48 

traces 
0.03 

92 -76 

€LEUTION OF CONTACT MRTAUORPHXSM TO STRUCTURE 

A s  previously  stresaed, the ava i l ab i l i t y  of fissures 

through which solutions may gain  acceaa t o  the sediments i s  a 

fundamental consideration of the extent of contact metamorphism. 

Fractures seem t o  have control led  a l l  phase of metamorphism 



160 

with the possible exception of she early recrystalllza.tion. 

Moreover, the transfer of heat was undoubtedly faci l i ta te t l  

by f iseures  and fractures  as the conduption of heat through 

solid rocks probably proceeds a t  too slow a rate to,account 

for the wide sone of recrystallized  rocks  encountered i n  t h i s  

d i s t r i c t .  The lack of such  fractltrea wy be responsible for 

the unrecrystal&ized or only sl ightly recrystall ieed,,rocks 

found at,various  points  wlthin.the  contact  aureole. These in- 

clude  isolated  lenses of limestone and shale close  to  the ig- 

neou0 contact from which Analyses 1 and 3 were derived. 

%e' f issures  and fraotures have been primarily caused by 

the  re l ief  of tensional stresses following the intruslon of 

quarts monzonite and associated  porphyritic  rhyolite' dikes; 

the resul t s  were a series of more or l ese  vertical f au l t s  

generally normal t o  the margin of the , intrusion.  The only 

major fau l t s   para l le l  t o  the stock are the Indian  faul t  and 

perhaps the McKinley fault, which can :be eonsidered a counter- 

part of the Indian fault a t  the tu rn  i n  the rnargin or the com- 

poeite stock. Moreover, it seems probable that the emplacement 

or t he  stock was a concomitant result of movement along the tu0 

fau l t s ,  i n  that the  magma rose along the area bounded by them. 
LJI- f- 

" 
_*.,I . *  , 

In  addition, it is b%lieve.d that the magma was a t  least-. % f 

I,"". ". : ~ L""" , i  

"---" 
ir" r . k .  

partially sol idif ied  pr ior  t o  fracturing and  metamorphism, >-.. T . I *  

since the tensional  stressea  responsible for fracturing would ~:: 
?.-f c v * +  

Only be o P e e & e r . a n  undetermined period of cooling. The 

partial so l id i f ica t ion  of the magma was probably  followed by 

8Ub8idw~i i  and the formation" of normal fau l t s .  The source of 

4 s  / 0' 
' (X? 

"~" ...- ~ 

~ 

c . , .~ . . , ,~ .c" :  .:. e.,. \ 
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heat and aolutiona  poses  another problem. X t  appears&u?,tfu~l-.- 

that the heat after oolldificatlon from eo amall an  intrusion 

could have been suff ic ient   to   appreciably raise the tempera- 

ture of the surrounding  rocka Tor distance8 a8 much as 1,000 

feet away from 'the  igneous  contact. It is more probable that 

upon incomplete consolidation of the magma, the residual em- 

nations moved t o  marginal portions of the stock and that 

atreases and s t ra ins  most pronounced i n  the border  zones  pro- 

duced pathways for  Me egress of theae fluids.  Where chilled 

bordere or the intruaion blocked the t ransfer  of heat and 

fluida, mineral .. anomalies  could readily have resulted whiah 

would account for the presence of unoryatallieed  calcite and 

s i l i ca .  The lack of a l te ra t ion  of the lens  within the lime- 

stone kit west of the Ghapo f a u l t  i o  probably  such a casee 

J 

c 

_I -. 

AB a general  rule, the volume  and nature of the intrusive 

stock  controls the pattern of metamorphism on a regional  scale, 

but  fracturing:  determines It locally. The efTect of such  fea- 

tures as fault;s,  breccia, and shear zones ie particularly 

evident. Numeroue examples may be cited from th i s  d i s t r ic t3  

for purpoaes of brevity, the reader l a  referred to Plates 2 

and 3 where the above re la t ions  are alearlg expressed. 

Plstasomatlc s i l i ca t ion  irt notabfy  prominent i n  the sedi- 

ments i w d i a t e l y  adjacent  to the atock  since the emplacement 

of the aragma has created a favorable  breccia zone. Zn th i s  I o.+- 

location,  brecciation is fur ther  enhanced by the intrusion of >*d:3%.c. 

rhyol i te  dikes between the stoak and t;he 8edlitmt;s. Where the I y-7~' 
tireaclated  rook is limestone, ad i n  t h i o  case, the p r e ~ i p i t a t i o ~ P ~ ~ , p , 2  

o ~ k .  rA: 

"___.""- -. " ---" \ 
~ 

." "__,____,.r "_ ".I "" "-"."".-.-"I i '  " n d  
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of Introduced minerals I s  greatly f a c l l i ~ a t e d .  

The loca l l ta t ion  of sulfide and associated hydrothermal 

.mineralleation I s  probably due to   post-s i l icate  deformation. 

This Is suggested by the occurrence of quartz and ca l c i t e   i n  

fissures that are believed t o  have formerly served as channel8 

for s i l i c a t e  netasomatism. On a smaZler scalt,   intermineral 

_ _  .~ . .  . 

shattering may play an  important ro3c a8 ev&denr?e8 by chlorlte- 

quartz  mlcrovefntets  traveralng  andradite and the replacement 

of, andradite by speculrul hematite and magnetite along dode- 

aahedral  faces  (Figure 29). Although not observed here, 

sulfides m y  almllarly replacs celc-silicate  mlntrala; hou- 

ever, their ro le  as neutralizers may not be suf f ic ien t  t o  cause 7 
deposltion.  Qenerally,  calcite, rather than  Silicatea I s  ue- 

lectively  replaced by sulfldee. Thfa I s  probably due t o  the 

f ac t  that limestone I s  more amnable  to  brecciation  than 

S i l i C e O U 8  sediments as shown by the aonsiderable  replacement 

of the llmestone unit whereas the argillaceous and arenttceous 

sedlraants are relatively less Bietwbed and oommonly contain 

metasomatic s i l i c a t e s  conllnec? t o  veins. Another suggestion 

t o  account fo r  the preferential  replacement of llmestone during 

sulfide  utlntralleatlon 3.8 t h a t  ca lc i te  has a loner packing  In- cr‘;3?..-. 

dex than any of the s i l i ca t ea  e.$., oalci te  haa more  open space +.p”.r-” 
rta CT. , d” 

through which Ions  can be 
9 -.<“-iJ 

- “ t. : . 5  r% 

~ ~ .~.. . .... . . ., . . . , . .  .. ~ . . .  .. 

i ~ &y -L 

J 

I 

lRIdge, JdD. (1949). Replacement and equating; oP volume 
and weight, JOW. Qeol., vo1. 57, p. 546. 
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Contact  metamor~hism has probably  occurred during a con- 

siderable' but limited period of high temperature  within a, much 

longer period of changing temperature and pressure " which-c-&oses 

with the exposure o f  the rocks a t  the _ f _ "  earth's eurface. The 

roakb now v i k b l e  are certainly  not  expreasive o f  the highest 
.____"___I" .... - 

temperature t o  which they have been exposed. !the process 

Comenoes with the intrusion of the stock, a t  which time the 

rocks' are subdected t o   a n   I n i t i a l  wave of high temperature and 

simultaneously or s h w t l y  after th i s  there comes a wave o f .  a 

oqueoum or gaseouo solutions. This f ront  of advakclng f lu ids  

may precede the advancing high temperature front. Ample evi- 

dence of thl0 sequence of events is visible i n  the workings 

eaot of ihe chap0 fau l t ,  where otherwise unaltered aediwnts 

contain  pockets and veins of metasomtic  silicates,  oxides, 

and sulfides. 

During t h i s  i n i t i a l  period of a sharp rise In  temperature 

and  accompanying in t rduc t ion  of material, the metamorphic re- 

aationa tend t o  proceed a t  their most rFpid rate since  physical 

conditions &re such that chemical  adjustment of the  solid and 
" "" . .. ~ 

f lu id  phases most nearly approached  completion. A reduction  In _ _  ...... . .. . .I . '. 

further reaction during the ensuing  period of gradually waning 

tesperatui-e is caused by the increased  else of se&imentary 

grains and the depoaition of minerals  In fissures, fractures,  

an8 intergranular  spaces,   al l  of which tend t o  tsxclude availa- 

ble fZuids and reduce the chemlaal potential of the country 
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rocks,  Therefore,  the  reactions  during  the  cycle of lowered 

temperature  would  be  slow  and  mineral  assemblages  formed  during 

the  period of higher  temperatures  would be apt  to  persevere 

until  their  exposure  at  the  surface. , 

The  second  phase is .one  in  which  the,effect of decreaaed 

temperature  and  pressure is believed to be.responsible  for  the 

alteration of Silicates  formed  during  the  stage of progressive 

metamorphism,  It i s  termed  retrograde metawrphism and i s  

auppostrdly  exemplified  by  the  alteration of garnet to idocrase. 1 

However,  Yqderl hers demonstrated  that  this  particular  alter- 

ation may occur  during  the  period of rising  temperature  by 

merely  varying  the  bulk  water  content,  It  does  not  seem 

probable  that  during  the  second phase, there  will be sut't'ieient 

time  for  changes  to occw since  the  rates of reaction  are  proba- 

bly  too  slow.  Moreover,  it is likely  that  effects  formerly 

attributed  to  the  retrograde  metamorphic  stage  are  oauaed  by 

either  ahanges  in  water  content or Py hydrothermal - . - . -  activity ~ ~ 4 ~ 2 . + * ~ - - ~ 4 '  
subsequent to the  main  8Cagf; of metkmorphism. The  so-called 

retrograde  ahanges  can  be  compared  to  the  deutexic  alterationa ' +"-'.A-; 

encountered  in  tgneous  rocks,  which  are  fundamentally a result '9 
of h 3 t ~ o t h e r m a ~ - ~ ~ ~ ~ v ~ y ~ ~ ~ e r  than  decxsased  temperature, 

although  the lattei.  condition is a requisite  in some cases. 

SufPioient  examples  of  the  effect of either  circulating  pore 

solutions or hydrothermal  solutions  in  this  district  have  been 

previously  mentioned, such as the  conversion of pyroxene  to 

hornblende  and  plagioclase  to  epidote. 

- ..- ' - ~ 

. .. . . ~  . ,.&+ ? 

wt C . y -  '7 

. .. . ." . ...... .. .:-~. * & * d * L v +  

L-?+d.*7,w-.-..d 

-. . ~ 

~ .~ . "_ _. - - . . c 
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XYoder, 1952, op cit, p. 614, 
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.Until  recently,  the  effect of water  in  both  progressive 

and  retrograde  metamorphism  has  been  somewhat  neglected.  Xt 

is becoming  more and.more apparent  to  geologic  investigators 

that  there is probably  sufficient  water  (derived  directly  from 

the  magma or from  connate  water)  to  accelerate  the  reactions 

of metamorphism  and  to  also  account f o r  the  slightly  hydrated 

minerals,  such ai tremolite  and  actinolite,  characteristic of 

Initial  metamorphic  mlneral  assemblages, 

PARAGENESIS 

The  paragenetic  sequence  Illustrated  below  (Table 5) was 

determined  from  numerous  megascopic  observations  and  from s o w  

50 thin  and  opaque  sections,  The  broader  stages  reflect a 

succession  characteristic of most if not  all  contact  metamor- 

phic  deposits. An  early  silicate  stage is followed by an 

Intermediate  oxide  stage  in  turn  concluded  by a late  sulfide 

stage . 
Certain  variations  naturally  arise  in  regard to the  rela- 

tive  age of some of the  minerals.  Quartk  and  calcite  occur  at 

various  points  in  the  sequence  ranging  from  post-silicate, pre- 

sulfide  time to post-sulfide  time.  Hornblende,  though  locally 

in veins,  may In part be due  to.recrystallization  and  remobil- 

lzation. The formation of pargasite  from  aluminous  hornblende 

Indicative of the  entrance of soda-rich  solutions is difficult 

to assign to a  slpecific  iritefval.  Bismuth, of which  only  the 

oxlds bismtite wa0 noted, occws in  the raassive  recryatallized 

limestone  without  any  associated  minerals.  The  problem is 
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noted particularly with chlor i te  which occurs as an  alteration 

product after andraditer, as andradite pseudomorphs cut  by i ron 

oxi8e, and i n  veins  traversing hematite. 

The sequence has only been  determined for those  minerals 

ascribed t o  contact metasomatism. Minerals due to   ea r l i e r  

thermal recrystal l ieat ion such as tremolite,  diopside, sphene, 

and spinel have been omitted. However, new minerals, derived 

from the latter 'by later solutions have been included. One 

auch example l a  aluminous  hornblende,  Oarnet and epidote,  to- 

gether with the halogen-bearing  minerals  (fluorite, apatite , 
and scapolite)  represent the earliest introduced  minerals 

though the three halogen-bearing  minerale are  g@nerally later 

(Figure 30) .  Aluminous hornblende  occurs in  veinleta  cutt ing 

tact i te   veins ,  Hematite Is older  than  magnetite as s t r ikingly 

i l lus t ra ted  both megaacopicalZy and microecopically by the re- 

placement of specularite  plates by magnetite.  Scheelite is 

earlier than the i ron oxide0 as evidenced a t  tihe Ohapo  mine by 

the cross-cutting hematite veinlets. The sulfides are later 

than the s i l i ca t e s  and oxides,  thus  according with the ueual 

observations o f  previous  investigators. 3,2*3 Chalcopyrite is 

Ispurr, J.B., Oarrey, Q.H., and Fenner, C.N. (1912), Study 

Matahwala, s.L.P., Mexico,  Econ. ffeol., vol. 7., pp. 444-484. 
of a contact metamorphic ore deposit; the Dolores mine a t  

'Behre, c.n., Jr. , Oaborn, E.P. , and Rainwater, B.A. 
(1936),  Contact ore  deposition at Calumet, Colorado, Econ, 
Gaol. E, pp. 781-804. 

3Schmitt, HA. (1939) , Oeology of the Pewabic mine, 
unover, New Mexico , ffeol. Soa. Amer. Bull. 51 , pp. 777-818. 
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a common lata  associate of t a c t i t e  zones (Figure 33)s with 

other aulf ides  f t  occur# as cunelforlu eplotehes  in  sphalerite 

suggestive of exaolution  although  microveinlets  indicate a 

later time of deposition which favors   a t t r ibut ing the splotahes 

t o  replacement,  Ths'end stages of metasomatism are charaoter- 

ised by chlor l t lc   a l terat ion.  Pissure filling by Quarto, cal- 

c i te ,  and aragonite oomplete the cycle of mineralisation. 

ORXOIN OF COHTACT METAMORPHTSM 

Any theory  of the origln of theae  contac% nattamorphlc de- 

posita must explain  conditions raxist-bnt at the time of' thermal 

metamorph%sm, the aubseguent nature of the metasomatism, the 

original composition of the altering f3uids and their still 

later change, the probable  source of the solutions, their rela- 

ti& t o  the stoak and their a f fec ts  on the invaded  rocks. 

A8 previously mentioned, thermal metamorphism has been 

conventionally  pictured  In terms of facies of increasing 

temperature and pressure whereby various mlnei.als are formed 

at different. pressure and temperature ,levels. Neither abso- 

lute  temperatures  nor the temperature gradient can be beter- 

mined because of the presence of circulating pore  arolutlons. 

The second stage i n  the procesti,  Contact metasomatism, 

invoLves a t  first the question of the probable source of the 

solutions. Sn the Apache Hills, tactite minerals and associ- 

'.atas  are noted i n  both the quarts raonlsoriite and rhyolite dikes, 

indiaating that metasorsatism occurred after the stock had been 
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Table 5 .  Paragenetic Sequence 
57n* 

andradite 

epidote 

f l u o r i t e  

a p a t i t e  

scapol i te  

hornblende 

pyrophylli te 

hematite 

magnetite 

schee l i te  

bismuth ' 2 
pyr i te  

spha ler i te  

chalcopyrite 

galena 

ch lo r i t e  

prehnite 

c a l c i t e  

quartz 

aragonite 

f 
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emplaced and a t  leaat   par t ia l ly   sol idif ied,  and that It con- 
/ 

t inued  unti l  after the rhyolite had cooled. This suggests that ! 
" . " .- .. . . . . 

1 8  1 - 
the solutions are not derived from the Inbrwion but rather '%"'.? 

the contact,  In th i s  respect, it would possibly be naore 

logloal  to  consider the contact a8 B localizlng f au l t  rather 
\uc, do" 

than  attr ibuting the Introduced s i l i c a t e e   s t r i c t l y   t o  the in---,r...c. 

truslon.  In  addition, the intrusion of the stock and associ- z---8.t .",-- +&.f "" 

ated dikes I s  responsible  for %he development of drag iolds, . I~. . .  .4...-r 

and fissures adjacent,  concentric, and radial t o  the stock, ,- 
which have provlded egress for  mineralixlng  solutions. An ex-,r.r,, .--' 
panslon of t h i s  belief would lead t o  the  generalieation that 

structural  conditions rather than  proximity t o  an intrusive 

body is responsible for contacrt metamorphism. The occurrence 

of tacltite &ones inybkhAp-..gx!ea -remote .from 8 vl8ible  source 

i n t r u ~ & h e ~ - s u p p w t ~ - - t h l s  ..suggestion. 

i 

+ . j ~ . Z .  

, ..~ 

.. "*&.C.. p 

Lvtcu.-c ' 
I- .... _..I . . _ _  ,. . . ,., . . , 

~~ 

The nature of the mtasomatising  solutions is i n  doubt. 

Any idea must account for the compoaitlon of the fluids, the 

high r a t i o  of ferric t o  fex?I?OUS iron, and %he occurrence of 

sgacularite  before magmtite. It ha8 Long been known that 

iron can be transported i n  the form of chlorides and flucuridea. 

However, there Br# apparently  not enough halogen-bearing con- 

s t i t uen ta   i n  the foregoing mineral assemblages t o  account for  

the abundance of iron since It presumably takes 14 tons of 

1 

In  silicate rocks, Bcon.  Cieol., vol, 17, p. 108. 
lGoldachmidt, V.M. (1922), On the metasomatic processes 



halidem t o  depooit one ton of iron.' Moreover, it Is probable 

that moat or the halogen ions,  particularly the chloride  ions, 

were not  atab2lited and could  have readily pasclad out a i  the 

system aa the very soluble caluium chloride. It has been sug- 

gelted, honever, that the ,solutions are aqueous and contain 

halide mineralizers2 whiah would keep, the solutions. above the 

c r i t i c o l  temperature and thus enable the transp0rf;ation of 

large quant i t iw o f  material. !!!his seem? prob&ble i n  view of 

more recent work3 whjlch 'indicate8  probable  deposition of i ron  

oaride when a halogen-rich f l u i d  enters  a region  ,of.higher water 

content OF when neutralized by limestone. The analyaes of the 

mtamorphoaed end nonmetemorphossd limestone and sh83e unit ,  

Tables 3 and 4, ahow that minor amounts of halidaa,hslvs been 

introduced,  but  certainly  not enough t o  account for the abundance 

of ferric oxide. However, halide lone may be greaent  in suf- 

f ic ien t   bu t  undeterrnlned quantities  since  fluorine can be con- 

fined to  the micas and t o  a lesser extent i n  the amphiboles 

where It replaces othw sons i n  the c rys ta l  la+Aicea, since the 

ionic  radius of the fluoride  ion is s lmi la r   to  that o f  the hy- 

droxyl  ion.  Chlorite, rather than  fluoride  ions, occur i n  ,cf 
amphiboles replacing hydroxyl ions  probably  because the band 

heljer,  Per (lg25)  Contact metamorphic proce88e3, Econ. 
Qeolc, VOX, 20. p. 690. 

2sohaitt, OP sit, p. 801. 

3Holaer, W.T., and Schneer, C.J. (1953), DepO8itiOn O f  
high temperature, nonmagmatic magnetite, abst., Oeol. 800. 
Amer. Bull. 64, p. 1435. 
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structure o f  *mphibolo is better'able t o  accoaanodatar the larger 

chloride ions.' Further quantlt les of fluorine may occur as 

either solid or Xiqula inclusions i n  minerals. Solid  inclu- 

sions would include  fluorite,. apatite,. or fluorite-rich mica; 

l iquid inc'lwr%tons, probably  enriched In  fluovlde  ions, ape 

abundant i n  quartz and feldspar. Many halogen compounds are, 

of (Iourse, highly  soluble, and et3p%cially in   the  presence of 

water, as i n  volcanic  ejecta, might well have been preeent 

originally but later 'removed. 

The high ferric-ferroua  ratio was believed by Butler2 and 

others  to be due t o  the oxidation of origtnal  ferroue  iron  In 

the solution  to  ferrio  iron by carbon  dioxide  releaeed upon 

recrystal l lzat ion of l iaestone  accwding  to the formulaer 

The first formula l a  believed  essentially  correct,  given 

sufficient  concentration of carbon  dioxide. Losky3 believes 

tha t  the second reaction will not  occur  sfnce there, is  not 

enough C02 pressnt. Wawley and Robinson4 state that the second 

'Correne, C.W. '(1956).,  asocheraletry of the halogens, 
Physics and chemistry of the earth, McOraw-Hi11 Book Co. Inc., 
New York, p. 224. 

%utler, B.S. (1923) , Susgested explanation of the htgh 
f e r r i c  oxide  conttmt of limestone  contact  zones, $con. aeol., 
vol, 18, p. 400. 

laetamorphia deposits, Eaon.  Oeol., vol. 29, p. 495. 

oxidation of Fez03 by a02 , Bcon. mol .  , vol. 43, p. 410. 

3Lasky, S.0.  (1934), Ferric-f'errous r a t i o s  i n  contact 

4Hsnl~y, J.E., and Robinson, S.C. (1948) The supposed 
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reaction proceeds t o  the l e f t  and is irreversible a t  tempera- 

tures betwesn 40Q0 C and 600° C where magnetite is the stable 

phaae. But i f  the solutions are aqueoiw and above the c r i t i c a l  

temperature due t o  halogens, the iron could be deposited.in the 

ferric a t a t e   t o  form the ear ly   s i l i ca tea  (andradite, epidote) 

and hematite, To account f o r  the change from hematite t o  

aagnetlte  deposition, as Illustrated i n  Figure 26, a change i n  

the nature of the  soLutlon0 l e  necessary  particularly  in re- 

gard t o  pH values,  aince fe r r ic   i ron  would be precipitated from 

an acid  oxidieing environment and magnetite from a weakly acid 

or alkaline  reducing environment. This condition is sa t i s f ied  

by the second equation RbOVS proceeding t o  the left, 1.e. after 

hematite had formed I n  an  acid axidielng environment, magnetite 

would be precipitated  according to  the S@COnd equation, the 

neoesaaxy  carbon monoxide derived from the partial reduction of 

carbon  dioxide by the hydrogen of the or iginal  magmatic emana- 

tions. 

Additional  experimental resultsX i l l u s t r a t e  that a t  room 

temperature and pressure and under well aerated  conditiona, 

when ferrous  chloride  solutions  react with calolte,  the only 

iron  deposited is of a ferric nature. However, with decreaalng 

oxygen satwatton, the probability o f  preciplCating  ferrous 

iron  increases.  Therefore with decreasing  oxidrtion  potential, 

the r a t i o  o f  ferrous to  fe r r ic   i ron  becomes so large that not 

even  extremely  insoluble  ferric hydroxide can be precipitated. 

'Garrells, R.M., and Dreyar, R.M. (1952), blechaniam of 
limestone  replacement a t  low temperatures and presnures, 
aeol. 900. her, Bull. 63, p. 345. 
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lrlason' similarly states that the deposition of ferroua com- 

pounds  demands a low oxidation  potential,. Xn more recent work 

derived from thermodynamic ca l cu la t lons~  it l a  shown that i n  

cooling fxom a magnetite-hematite-water equilibrium, them Is 

a continual.  production of exoem oxygen, 80 that any magnetite 

formed is contlnurslly  oxidiaeb t o  hematite.. A3though.the work 

by Garre18 antl Drytrr wa8 carried  out at low %emperatwe, and 

pres8wes it apparently  explains the high ferr ic-ferrous  ra t io  

observed I n  the Apache-Chapo  Mining Distr ic t , .  and also the oo- 

currence of f e r r i c  mineral8 prior  to  ferroua minrrrala, and in 

part;icular the replacement of specular  hematite by magnetite. 

Thus the solutions whlch deposited the early s i l ica te8  

were presumably acid In  compoaition and rlch In femous  iron 

and s i l ica .  These solutions  reacted with %he oalcareous sedi- 

ments result ing i n  the deposition of andradite whereby limo 

and carbon  dioxide were releaeed. Hematjlte was also  preaipl- 

tated during t h i s  time under the conditions previouarly out- 

lined. Some of $hi# lime could be easily  f ixad  In the iorma- 

t ion  of epidote. L%m mieht also go into,soXution 8s it 

traveled outward from the contact i n  fisswes. These solu- 

tione with excess lfme, Iron, and s i l ica   ( the  Last  possibly 

or lglnal ly  In exoesa  but more probably derived from the sur- 

rounding  aediments)  could  then be precipitated  to. form the 

lmson,  Brian (1949),  Oxidation and reduotion  in geo- 

2Baker, D.R. .  (1955), Stabi l i ty .  o f  magnetite and hematite 

chem!latry, Jour. .Qeol. ,~~o1. 57, p. 70. 

a hydrothermal  environment from thermodynamic calou2ations, 
abet., Wol. Soc. Amer .  Bull. 66, p. 1528. 



tactite veins of the shales and sandstones. The reau2ting 

alkaline environment  probably  crauaed,the deposition of f luor i te  

and apatite, both of! which occur later than the early a l l ice tea  

but earlier than  the.ferraus oxides. A t  %his stage, the solu- 

t lons minus the halide mineral leers~wll l  be weakly acld or alka- 

l ine ,  a corulltlon whereby Perroua  Iron-would be precipitated, 

folloned,by the subsequent deposit ion  of~sulfldes. .  

OW3 DRPOSXTS 

XNTRODUCTION 
, .  

The ore  deposita o f  the two ranges ape geogrephlcally 

separable in to  two major groups, the Apache-Chapo  Mining Dl?- 

t r l c t  and the'Premont Mining Ris t r ic t .  The P i re t  has a lso  been 

referred t o  BPI the Anderson or  Apache #2 Mining D l e t r l ~ t . ~  

Strangely enough, th l s  grouping ale0 expresses a general geo- 7 

log ic   re la t ion   in  that the Pirat 'of!  the two groups includes 

the Apache and CMpo mines, which are regarded as oontaat meta- 

morphic deposits, whereas the other incLudas deposi ts   in  the 

natura of fracture fllltngs or.replacsm%nt  veins. The mines 

and prospects of the Fremont Dis t r ic t  are listed below  and 

their looation is shown on the accompanying geologic map: 

I 

Occridental mines (includes the Eagle, Barnett, 
American, Doyle or Conevello, 
and Napane OF Nutshell properties) 

Xnternatlonal mlne (Sterra Rlca m i n e )  



Daisy mine 

Queena Taste mine 

Big Shiner mining area 

Lune mine 

. .  

ChZ’ilrtRl&S mine 

Ford, Quartz, Vanadium Mad, and Copper Valley  prospects 

Rattlesnake,  Pick and Shovel, and Casher prospects .. 
located in  the south  central Sierra Rice 
beyond the area covered by the geologic 
map. 

A l l  the mines were vis i ted and detailed pace and  compass 

maps of the larger workings were made. The Apache and Chapo 

mines are treated a5 a single! unit  beoause OS the  contact meta- 

morphism common t o  both and their mutual contiguity. 

APACHE-CHAP0 MIWING DISTRICT 

Location 

The  Apache  mine i n  Hidalgo county, s ix  miles south of 

HaChita, is reached by a muoh used road tht leada  directly 

i n t o  the former operating area. The Chapo  mine is 2-1/2 miles 

east of the Apache mine and is connected t o  it by & rutted but 

passable road. The Chapo mine mag a l so  be reached d i rec t ly  

over a good road lrom the Last Chance  mine. 

Hfstory and Production 

The mining recorde obtained f o r  the two mines pertain al- 

moat e n t i r e l y   t o  the Apache  mine from which ore was extracted 

I n  commercial amounts f o r  many yearsI The only  production 



information  available on tho  Chapo  mine is that i n  1940 some 

copper-gold ore was. shipped.1 This  was apparently, the only 

production as indicated by the f ac t  that the workings consist 

of rather shallow rphafte, trenches,  prospect  pits, and a shaft 

180 fee t  deep from which the shipment mentioned was probably 

mined.  The  mine 18 covered by.four claims of unknown location 

owned by Fred Broom of Hachita. 

The  Apaohe  mine  was first operated i n  the   l a t te r  part of 

the 19th century by Chihuahua  Indtanra who carted the ore t o  

Chihuahua fo r  smelting. The deposit was not worked In  earnest 

un t i l   the  beginning of th i s  century when Robert Anderson gainea 

control of the mine and operated i t  for some years. The sig- 

nificant  dates of production are as f'ollows: 

1900-1908: Rich  horn silver ore  (cerargyrlte) was 
shipped i n  the early days of the mine's 
operation by Robert Anderson. I n  1at;er 
years, oxidieed  copper ore rich i n  cal- 

was shipped t o  the smelter. As ohipped, 
c i t e  and therefore i n  demand as a flux 

the ore  contained 3 t o  4s of  copper, 
$1.00-$1.50 i n  old, and 6 ounces of 
silver per ton. 8 

The following  recorda were obtained from the U.S. Geo- 

logical Survey and the U.S. Bureau of Mines "Mineral  Resources 

o f  the United States" and the U.S. Bureau of Mines "Mineral 

Yearbook" : 

b . S .  Bureau of  Mines (1940),  Mineral Yearbook. 

2Lindgren, Waldemar, Qraton, L.C., .and Gordon, C .H. , e t  a1 

Paper 68, p. 344. 
(1910), Ore deposits of New Mexico, U.S. Qeol. Survey Prof. 
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1915-1919: Large quantities of silver-copper ore with 

1927-1929: The Apache Leasing Company shipped a con- 

biemuth i n   c e l c i t e  gangue were shipped. 

sldermble tonnage of lime  rock averaging 
1.5% of copper and 1.5 ounces of silver 
per ton. Zn addiCion, several cars Ofore 
averaging 12 ounces of a i lver  and lo$ of 
lead were shipped.. 

1936-1938: The &ne WBB controlled by the Wniwkd Stater 
Smelting Refining and Mining Company. Only 
exploration.and development work was carried 
on. i < ' i t  

l9k?; A lessee ahippedn eina ore averaging M. 2 ; , I '  

1943: A leasee  operating the Monarch an8 Copper Crown 
claims shipped 200"tons of copper and 125 tons 
of lead ore. 

atlng the above two c1aims.shipped 230 tons of 

of lead. 

1944: E,& Marsten of Colorado Springs, Colorado, oper- 

Lead ore  containing 1.0 ounce of gold, 1, 2.7' 

of silver, 597 pounds o f  copper, and 5 

A t  present, the mine cOnSist# of two claim0, the Monaroh 

and the Copper Crown, both of which B ~ t t  owned  by Albert W. Fitch 

of Hachita, Other claims  indicated on Plate 2 we from the 

filer of the U.S. Smelting Refining and Mining Company. 

Mine Development 

The main mine working aonsists of one marlor shaft, the 

Apache ehaft, 360 f ee t  deep, sunk.by the Anderson-Apache  Mining 

Company i n  1907. A l l  the workings were approached from t h l s  

rhaf t  and Include levels a t  depths of 50, 70, 100, 150, and 300 
feet, the names representing depths below the surface. The 

ehaft I s  a t  present lnacces~lb le .  Howeverc, the 50-foot and 

70-foot levels may be entered by an adit located  in the south- 
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west corner of the open cut  (Plate  4) ; the same levels and the 

100-foot and 150-foot levels are aCCesr1ble through a shaft a t  

the north end of! the open out. This open cut a t  the Apache 

mine represents  an area of the mine that caved In  1gZg. A l l  

level# other  than  those mentioned are inficcasslblet none of 

the levels I s  timbered, and the argll%aceous  nature of  much o f  

the countrg  rock m h a  dr i f t  caving common. 

Other workings Include the 1936 shaft whlch was sunk t o  a 

depth of 500 feet by the U.S. Smelting  Refining and Mining Com- 

pang. Two dr i f t s  extend from th i s  shaft. The worklngs in t h i s  

area are completely separate from those of the Apache shaft. A 

map of the drifts is given i n  Plate 7.  

Shafts on th% Indian, Coohlse, and McKinley veins were ln- 

accesrlble  in 1953. and 1954 but these ware a l l  apparently 

shallow. Smaller prospect p l t s  and trenches  dot the area I n  

the viclnl ty  of the Apache  mine and t o  the east. The .V-E Day 

shaft, midway between the Apache and Chap0 znlnes, is about 75 

feet deep but wabl Pl l led  wlth water i n  1954. The Chap0 shaft 

is 180 feet deep and I s  uaed as a we13 by the Paulkner Ranch. 

A l l  the  other workings a t  the Chap0 mine are aurf lc ia l .  

The locatlon an8 position of: accessible and tn.naccessible 

workin&e at the Apache  mine are inaicated i n  Plates, 4, 5, 6, 7, 
and 8. me complete extent of maerground worklnga l a  not 

def in i te ly  known but there are about 7,500 feet of drifts and 

crosscuts. This area has been extenslvely  prospected and i a  

marked by a great number of shallow tQBt p i t s  and prospect 

holes and by  numeroua claim monuments. Every limonltloed  or 
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other possible om zone I s  lndlcated by an exploratory  hole. 

A compoaite 8 t O C k  ha8 Intruded ct part of the Llmestone- 

Srindstone member of the Howells Ridge formetion and l a  direct-  

l y  or Indirectly  responsible  for the development of a contact 

mtamorphla tgpe of deposit.  Taatite zones I n  the llmeatone 

beds near the lgneouar contact have been mined a t  %he Sndlan 

ahaft  for their sulflde content. Galena, sphalerite, and 

aasoclated cerwgyrite were extraated. "he ore here is local- 

ized %long the troughs of drag foXda created by the lntruslon, 

The main working8 of the Apache orebody, located  In the 

immediate v lc ln l ty  of' the Apache ehaft, are In a maae of inter-  

bedded lfmestonee and ahales metamorphosed In  varylng  degrsea, 

The stratigraphlo  auccesslon exposed a t  the  aurface and In  ac- 

cesalble levels is a6 follows: 

Top of section (from the head of the Apache shaft) 

m 1 ~ l n r s ~ a  

aray alllceous shale 25 feet 

Green chlorltlxed shale 20-30 

Massive recrystallized  limestone 25 

!Win Interbeddea shales and metam 

contains aome thin  recrystal l ized 
somstlsed llmestonea. Upper portion 

llmeetons  lenses. Only the upper 20 
feet i s  BXpOLTSd, but the sequence l a  
reported t o  extend t o  the 500-foot 
level. 
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ft should be noted t h a t  the maseive recryiltallired lime- 

stone bed only oocws i n  the &rea wound the open out where . 

it forma an exposure  approximately 400 feet long and 150 feet 

Wide 

Structure 

The sediments that crop  out from the XndIan l?ault t o  the 

Apaohe f a u l t   i n  the area of the Apache orebody are sXpP@s#iVe 

of ~l gentle  anticline indlca%ed by the al ight  northward d ips  

near the igneous Contact, the gsnera5 horieontal attltude at 

the open cut, and the gentle aouthward d ips  reported from the 

5OO-foot level t o  the aouth. Superimposed upon this is a sya- 

tern of  north-eouth and sUbBidiary east-west fissure faults. 

The major s t r u c t m s   c o n t r o l l i n g  ore dapoaltlon a l l  have a 

more or   leas  northward trend. The moet prominent of . theee  is 

the McKinley f a a t  which i s  only slightly mlnerallPred and  oon- 

ta ins  some galena, sphalerite, and chalcopyrite. This nearly 

ver t ica l  fault forma the earntern an8 western boundary of the 

quart# diorite plug and quarta monzonite stock  reapectively. 

The main  Apache orsbody l a  located on the southeast side of 

the fau l t .  The ver t ica l  displacement  along thill; f a u l t  is 

d i f f i c u l t   t o  determine  but it is estimated t o  be of the order 

of' 200 t o  300 feet. It is b8lleVed that this f a u l t   l a  the 

companion t o  the Xndian fault but has followed the curving 

boundary of thQ main intrusion a t  $his point;. As a reaul t ,  

though the HcKinley f au l t  &e apparently later In  age, it is 

probable that both  structures were produaaa  simultaneourrly, 
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The east aide of' the McKinley fault I s  tPvidently the upthrown 

side, the displacement berng of aufflaient mgnltude t o  expose 

the stock. 

In  additlon, it l e  probable that the Mcffinley fault served 

as the maln ore fissure and that t r i furca t ion  of the fault 

(though the apex is hidden by alluvium) as it emerges from the 

west end of the compoarlte stock, alianneled the ore  solutlons  to 

their prewnt  site of deposltlon. TheslWfiSMWeS m y  have a lso  

acted aa avenues of egress for the f lu ids  reeponaible for sili- 

cate laetaaomatism. Fiwths~more,' It ' l e  Ifkely tkiat the eastern 

f isaure of  the group of three might have carried the bulk of' 

mineralizing  solutions as evidenced by the re la t ive  abundance 

of iron oxide  contained within the fissure walls, This par- 

t i cu la r  tractwe I s  exposed a t  the eastern edge of the ahamber 

on the 50-Toot level ( P l a h  5 ) .  The western branch of the 

McKinley fault I s  represented by the Cochlse vein which is only 

sl ightly mineralized as Goinpared with the eastern workings. 

Fissures and faults of small dlsplacamPlnt having a more or 

less earstward tmnd  para l le l   to  the lndlsn  faul t  were noted i n  

8- of the accessible workings. They a??€# generally  barren and 

contain either quart= or calci te .  Theae Pissures have very 

l i t t le  lmportanoe a8 ore  localiaere. They have however compll- 

cated minlng procedures  since  mlneralleed  block$ have been 

broken up along the strfke of the orebody or elevated above the 

main drifts, thus nscesaitatlng nume~ow overhand or underhand 

stapes. 
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The displacembnt  along the,fissures of both northward and 

eastward trend is very small, generally leea than  ten ' feet ,  

and i n  many cases can be observed i n  outcrop. This is particu- 

l a r l y  noted a t . t he  north end of tho open cut  where? a seriea of 

minor step faults oucurs (Pigwe 32). ' Minor fau l ta  were a lso  

Been a t  the igntranch t o  the  50-foot level and a l so  along that 

level  (Plate 4). &ag folds  created by the faul t ing have served 

as i oc i  fa ore  depoaition. The age of the bulk of- the fissurea 

is defini te ly  pre-mineral  although sow post-mineral  fracturing 

on the SO-foot level wae evident; ,I t 'waa probably formed as re- 

a u l t  of readjustment subsequent t o  the intrusion and accompany- 

iw mlneralireatlon. 

Mineralieation 

The orebody that was conussrcially  dewloped is irregular 

i n  shape and wlthout.nrharp def in l te  boundaries. It consists 

of large and em11 stringers, @hoots, and pods of ore randomly 

distributed throughout the sediments. The bulk of the minlng 

was i n  eediments cut  by sulfide-filled fractures  which are de- 

void of tactite  minerals,  although the sediments  contain sili- 

cates aaused by thermal recrystal l izat ion and recombination. 

However, metasomatic effeuts a t t r ibu tab le   to  an i n i t i a l  wave 

of metamorphism Were noted. A t  the 70-foot and 100-foot levels  

(Plate 5), occasional  constriated  tactite  velna  contain andra- 

dite, epidote, hematite, f luor i te ,  and chalcopyrite. Another 

example waa observed In  the chamber immnediately north of the 

awn  cu t  where two tactl te  veins  traverse  si l iceous  shales for 



Fi- 32. North end of open cut at  Apache mine. J y s e d  contact 

botuun  the light and  dark rocks, both orgillites, is due to the 

cortword dipping high o y h  faults of small d i r p c m m t .  
.. - . .  . . .. , 

~ ~~ ~ - .  ~ ._ .. 
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the length of the working (Plate 5 ,  Figure 12). Somg of the 

specimens from the dump around the 1936 Shaft exhlbit  a simi- 

lar t a c t i t e  mineralogy. I n  addition,  scheelite, cuproschee- 

lite, and bismuti te   (a l l  found i n  specimens from the dumps) 

occur i n  massive rearystall ised limestone.  (ienerally, however, 

the sulfides and their oxides tha t  were extracted were free of 

contaminating metasomatic s i l i ca tes .  

Despite the two Qif fe rsn t  ocaurrencea of the aulfiQes, 

they  are  probably'genetical1;y related. They both represent a 

period of deposition contemperaneous but somewhat latbr than 

the s l l i c a t e s  and oxides ascribed to   contact  metamorphism. 

The association of sulf ides  with s i l i ca t e s  and oxides a t  the 

heavily metasomatized Indian  fault  probably  indicates that 

fissuring was still active during the time of sulfide deposi- 

tion. Thia fissuring wa8 probably promoted by the intrusion 

of porphyritic  rhyolite. The sil icate-free  aulfids  veins 

prominent on the outer edge of the contact  aureole a t  the 

Apaohe mine probably were deposited a8 such  becauaa mea- 

somatism was not  intense enough t o  close  every svailable open- 

ing. 

.. ' -  '6 

Ore Occurrence 

It ia apparent from a atudy of accessible workings and 

from reports  on inaccessible workings1 that strong  minsral- 

i ra t ion  is generally  confined  to the upper levels i n  the form 

lMatuot,  LE., and Walker, .R.T. (1936-~93a), piles of 
the U.S. SmeZtlng Refining and  Mining Company. 
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of replaoement  veins, par t icular ly   in  the calaareous  sedirmnts. 

Such veins ocourred a s   f a r  down as 250 fee t  below the  surface; 

beyond that depth, the presence of' hard s i l ic i f ied  shales  and 

calcareoua  shales prevented replacemnt on any scale. 

Mineral  zoning, though imperfectly  developed, is never- 

theless  noticeable. There is an  apparent  aoncentration of 

tungsten, biamuth, and cropper toward the north end of the ore- 

body. Lead and sine mineralization is oonfined t o  a small zone 

t o  the  southeast (Plats 4). S t i l l  fur ther   to  the south,  quartz- 

ca lc i te  veins aaemingly  predominate.  There 1s a similar nug- 

gestion of mineral  coning i n  depth,  again  reflecting a tempera- 

ture  gradient,  since  silver-riah  ores  are  concentrated i n  thel  ;- 

higher levels of' the mine and gold a t  the lower levels. 

i f. i.. 
; .'+. .<!. " .' 

.j r 

The ore sone  ehould not be considered as oonsisting of a 

single body of high grade  material  surrounded by lower graBe 

ore.  Rather, it was a wide mineralized  area i n  which bunches 

of high grade  copper and copper-silver  ore  are found. The 

l a t t e r  type ore was general ly   res t r ic ted  to   the upper level0 

and occurred as replacement  'veins i n  limestone and rarely 

shale. I n  l a t e r  years, th i s  low grade  ore with ca lc i te  gangue 

was worked for  Its fluxing  value. The main oopper-silver ore- 

body as mined was 450 t o  500 feet long and up Co 150 fee t  in 

depth. The dewlopment was Qonfined t o  the  eastern  branches 

of the Ucllinley f au l t  and there was no ore  cross-cutting  to 

the nestern  Wanches where copper ore i n  a stiiceoua gangue 

was extracted. These siliceous  veins  arc low i n  silver, where- 

as the others   are   r ich i n  silver. Specimens of' aome of the 
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iron oxide sones on the 70-foot level ahow an average of 12 

ounces of silver per ton,  BismuthinZte and scheelite, where 

present, are reported  to be nearly averywlnere auroctlated with 

the copper-silver  ore  In the maseive recryatallized  limeatone 

and the presence of either m#m?al generally  IndicaWd % high 

silver content. 

Lead-zinc-silver  ores oacur i n  the shale members where 

they were extensively mine8 on the 70-foot; level. No e f fo r t  

was made t o   t m c e  t h i s  mineralized Pone  below that level   into 

the more favorable  underlying  recrystsllieed  limlrtone. Siml- 

la r ly ,  there was no attempt t o  cross-cut Prom the 100-foot 

level to   intercept  the same sone. 

The alliceourt  copper  ores  occur i n  fissures i n  the slllci- 

Pied shales west of the open cut. The Cochlae ve ln   i l lus t ra tes  

t h i s  type of minerallzation. The chlef ore minerals inolude 

various copper oxidea i n  a quartz gangue. Gold  and a l lver  

values are almorat negligible. 

Copper minerals, mostly chalcopyrite,  occur i n  the lower 

levels  and are aaeoaiated w i t h  t a c t i t e  minerals I n  zones that 

have been sloderately metaeomatlxec3. The ore usually shows 

higher gola values but lower  copper values than the higher 

levels. A representative aample Prom one of' the tu0  fissure^ 

on the 500-foot level contains  approximately 0.5% of copper 

and 1-3 ounces of s i lve r  per ton. The ore at  the lower levels 

occurs  In flsuumta of northward trend and tihe lack of replace- 

Aletat velne 58 di rec t ly   a t t r ibu tab le   to  the unfavorable  rocks, 
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Oxidation . .  , .  . .  

A l l  the ore  extracted from the Apache oreb&y has been of 

the oxidirred variety. The vein8 are greatly altered and con- 

s l n t  mostly of i ron oxide, either limonite ox? hematite, to- 

gether w i t h  subordinate amounts of copper,  gold, and silver 

valuer i n  a quarts or ca lc i te  gangue. The are i n  the masaive 

recrystallteed  lilaestone  consists of par t ly   s i l i c i f i ed  and 

spongy Iron  oxide,  malachite, and mlnor amounts of chryeocolla 

and turquoise. The velne are commonly banded and consist of a 

wide inner area o f  banded limonite wlth occaaionrrl pyrite oubes; 

the outer bands are oomposed of malachite and chrysocolla. 

Between the two there is commonly a band of pyrolusite or some 

other manganese oxide. An i l lus t ra t lon  o f  t h i s  occurrence l a  

Presented i n  Lindgrsn.’ 

. . ’  

As 8 general rule, the dominant oxidieed  copper mineral 

has a oontpOSitiOn related t o  the enclosing rock. However, the 

presence of malachite iln veinar i n  shale, a8 i n  the workings 

north of the open Cut, indicates the introduction of lime pre- 

sumebly by clrculating waters. Conversely, the oacurrence of 

chrysocolla i n  veins i n  liraestone  points toward the deposition 

of s i l ica .  The transfer  OP theae compounds along the velns is  

not surprllillng i n  view of the abundance of these substances  In 

t h i s  area. In  addition, the porous nature of the oxidized 

veins permits considerable movement. X t  has been reported  that 

following a heavy rainfall on the aurface,  fiasures a t  the 

lunagren, e t  ala op c i t ,  p. 55. 
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5OO-fOOt  level were still dripping fIVe t o   s i x  hours altter.the 

precipitatlon. 

O t h e r  copper oxidation minerals were a l so  observed, as a t  

the Cochlae vein where l l n a r l t e  and aaledonlte,  together with 

ohrysocolla, are the prlncfpal  ore minerals. A t  the 70-foot 

level, lead and zinc  oxidation mlnerals i iclude  cerussite,  

anglesite, smlthaonite,  aurlchalotte, and rare hydroElnc1te. 

Primary lead and xino ores were not noted on this level. 

Elsmutlte and cuproachaelite ocmw as oxidation  products i n  

velnr  In  limestone. Jarrapllte OCCUFS wit,h oxidleed sulfides a t  

both the Indian a b  Apache shafts. OyP@um here foms a cqcrtal- 

llna  coating  over E M  altered sulfides. 

A t  the Indian shaft, early  reports1 state that horn silver 

(oerargyrlte) was extracted. Only  one such specimen was seen 

on the dump. Cerargyrite was probably derived from srgentl- 

rerous  galena that was oxidized by descenalng waters r lah  In  

chlorlne, colBltlon In arid regions. The presence of pyrite great- 

l y   f a c i l i t a t e d  the movement of silver which was eventually de- 

posited as a silver chloride, Xts insoluble nature accounts  for 

its presence i n  the zone o f  oxldatlon. 

Supergene copper sulfides were no$ observed In  situ In  the 

accesslble mine workings but, specimens from the dumps surround- 

Ing the Apaohe and 1936 shafts indicate the pa r t i a l  replacement 

of chalcopwlte by chalcocite and occasionally  covelllte. 

Chalaocite has been reported from the 500-foot level. Moreover, 

lLlndgren, e t  al, op c l t ,  p. 3b4, 
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two carloads of ore  containing  chalcocite  rich  in  gold values 

were shipped i n  1925 from a winze a t  the 300-foot level. 

The possibi l i ty  that a thick  limestone  section and con- 

sequently a r ich  secondary sulfide zone existed a t  depth 

prompted the U.S. Smelting Refining and Hining Company t o  

attempt ainking a shaft late I n  1936, However, the shaf t  was 

abandoned a f t e r  500 feet as i t  never  penetrated the water table, 

which for aome unknown reason wa8 a t  a st111 deeper  depth.  Thie 

i s  surprising as a l l  the other wells i n   t h e  range  penetrate the 

water table 100 t o  200 feet below the surface. X t  appears 

probable that the water table in this loca l i ty  once existed a t  

a higher level, but  only briefly,  atnoe  chalcocite is not  too 

common even a t  lower  depths. Thus the  supergene zone may still 

e x i s t  below the present uo~kinga, possibly a t  depths between 

700 and 1,000 feet. 

Origin 

The sulfides deposited In the Apache orebody are expres- 

sive of the last stages of contact metamorphiem that ha8 af- 

fecrted t h i s  district .  Originally thermal metamorphiam resulted 

i n  the recryetall ization of ehalea and the conversion of lime- 

stone  to  coarsely  cryetall ine  calcite.  This was succeeded by 

metasmatism whereby s i l i c a t e s  were deposited in  available 

fissures and then by several phase8 of ore mineralization. The 

first phase I s  probably  repreaented by the deposition of tung- 

sten, bismuth, and gold which ref lects   the high temperature 

atage of hydrothermal deposition. Pyr i t e  was a l so  eeemingly 



precipitated  during this stage. Chaloopyrite  represents the '  

second phase of ore  deposition, and probably lead and  E%nc 

sulfides  together wtth silver were precipitated  simultaneously 

or sl ight ly  preceded the copper minerallzation. The last 

phamof  hydrothermsl ac t iv i ty  is typified by quartz veins 

which f i l l  the Apache f au l t  and fissureo para l le l  t o  it. These 

may contain gold or silver  although no ore  minerals were  ob- 

served i n  outcrop or reported from available assays. 

The chief  factors  responsible for localizing the ore are 

the faults and fissures roughly  parallel   to the quartz monzo- 

nite  intrusion. The location of the Apache orebody is near the 

projected.lnterseation of the two faults  bordering  the  intru- 

slon where a gf?neral zone or weakness has been produced. 

BREW" MINXNQ  DXSTRICT 

Introduction 

The ore  deposits of the Premont Dis t r ic t  are of two types - 
(1)  quartz  veins  in  fractures traversing limestone,  orthoquartz- 

Ita, or varioua  igneous  rocks  such as rhyolite, basalt, and 

andesite and (2) replacement veins i n  limestone. Xn the former, 

the veins cOmmOnly have north-northeast trends with a d i p  

ranging from almost  vertical   in the limeatone t o  about 60° i n  

the igneous  rocks. In  many cases, the veins are stained black 

chiefly by hydrated Iron  oxides or by pyrolusite,  psilomelane, 

manganite, or other manganese oxides. The occasional  ocow- 

Pence of malachite imparts a green color t o  the vein. The un- 

oxidized vein minerals  include  chalcopyrite,  galena, pyrite, 
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and sphalerite. The chief  value of the ore lies i n  galena 

which is apparently argentiferous. 

The replacement  veins, primarily exemplified by the 

Occidental mlnea, seems t o  have no preferred  trends  but rather 

have followed the most easily replaoed beds. There are two 

major types of  replacement  veins,  both  oxidized. One is rich 

In quart%, limonite-stained, and malachite-bearing. The second 

type I s  characterised by 2Cs rare malachite and relative abund- 

ance of galena or sphalerite or both i n  a ca lc i te  gangue. Both 

types  locally  contain sphalerite, chaloopyrite, and galena. 

OccidentaL Mines 

Location 

The Occidental mines are loaated in the northeast part of 

the Sierra Rlca (i.e.,   In the southeastern  part of the area 

ahcmn  on Plate 1) an8 may be reached by a Saint branching  road 

half a mile east of the Doyle Well. It is also  aoceasible  via 

the jeep road para l le l  with the international boundapy. 

Hirrtory and Production 

The occiaentel mines includes numerous shafts (a11 in- 

acaesaible),  trenches, and prospeots which have been recorded 

under various names. With the exception of the Wilder prop- 

er ty ,  the names given on Plate 7 were taken from Lindpren.’ 

ILinBgren, e t  al, op o i t ,  p. 345. 



Production values for the various  properties are from the'  earn 

source and are a% followar 

Eagle mine - 40$ lead and 20 ounues of SllveF per ton 

Barnett  property - a reporkcd  value of 2% copper, 15 

i n  a 200 ton shipment p r to r   t o  1906, 

ounces o f  s i lver ,  end 5 ouncee of gold 
per ton. 

f'rom the dump shows 20$ zinc, los& lead and 
some a i lver  . Doyle or Conevello property  -.an analysis of specimens 

American property . -  a reported  value of' 4% copper and 
10 ounce8 of silver per ton. 

#o values  are  reported for the Napane mine (formerly 

calked the Nutshell mine), AlChough several carloads of 

copper ore were Shipped from one of  the above properties  in 

3912 and 1913, the last  knonn operation ocaurPed i n  1953 when 

Carl Wilder o f  D P m i n g  extracted  an unknown quantlty of lead- 

s inc ore from the Napane.nctne. I n  the earrtern end o f . t he  area 

shown on-Plate  7 uranium wa8 discovered by a group of' Deming 

people. Sfx  claime were staked covering the area from the 

border weatward f o r  3,000 feet and 1,800 feet nort;h of Border 

Poet No, 41. Assessment work was done i n  1955 but  ore has not 

been shipped to  date. 

Qeology 

The rocks i n  the area  (Plate 9) constat of interbedded 

oyster-rich  limestone$ and orthoquartxitss which have been 

folded t o  Porat the Occidental  anticline In the northeast  corner 

of the area mapped. In  the western section, a major fau l t ,  the 
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Occidental  fault,  brings  the younger Orbitolina member against 

the Oyster Limestone. The beds  generally have a West t o  north- 

west strike and d i p  20' t o  25' southwest.  Thin trachyte sills 

were a180 observed. 

The Napane  mine consists of a few proapect  holes and shal- 

low, inaccessible  inclined shafts of unknown depth i n  a cherty 

bad OP the Oyeter Limerstane member. The deposit is a replace- 

ment by galena, rsphalerite (of typical 'tblackdack" color),  

pyrite,  and minor chalcopyrite in a rhombic ca lc i te  gangue with 

subordinate siderite. In  opaque eection the paragenesi8 is a8 

follows: sphalerite (early),  galena,  pyrite, and chalcopyrite 

( la te ) .  The succession of the last two minerals may be re- 

versed. Both galena and chalcopyrite  occur as bleb8 i n  

sphalerite suggestive of exrolution  but  chalcopyrite also oc- 

curs  in  crors-cutt ing veinlets.  

Prospect holea t o  the east consist of barren  quartz  .veins 

e i ther  heaviLy limonitized or lead-bearing quarts veins  stained 

with manganese or iron. The lead has been oxidized to  ceruaite.  

The shaft i n  the same general wea contains  crystall ine smithson- 

i t e  an6 calci te .  Uranium mineralieation  consists.of minor 

amounts of green  autunite embedded in massive but s l ight ly  limo- 

nit ieed quarts veins developed  along a minor fault. The autun- 

i t e  fluoresoes a bright slpple-green.  Black quartz  crystals are 

a comon  associate. Choice sample8 of the vein ran aa high as 

.?l$ uranium or thorium  although a check of the vein by a Geiger 

uounter did not reveal any concentrated areaa of radioactive 



mineralisation.  In  genepal, the concentration appeared t o  be 

fairly  localized. 

The Doyle property i s  developed by tmo shafts, each 30-40 

feet deep, which contain partially oxidieed galena, calci te ,  

and  minor quar tz   in  a replacsnwmt vein.  Mineralizakion is 

probably  associated with the nearby minor Sault. 

.The Americm property  consists of two shallow  prospect 

holes. The northern one exposea a heavily  mngenese-stained 

quarts  vein. The nouthern working 2s a tunnel  about 30 feet 

long  containing 8 ver t ica l  replacement sone OS chalcopyrite  in 

a quarts gangue. The vefn has been oxldiaed t o  hematite and 

limonite; it is a lso  manganese-stained. 

. The workings on the Basnett  property  conslst of a shaft 

100 feet deep, now inacceesible, and a few minor WorMngD t o  

the west. The mineralogy is similar t o  that of the rest of the 

area. A t  the shaft and the trench iwmedlately t o  the ewt,  

chalcopyrite OCCUFS with andradite and wgne t i t e   i n  a ca lc l te  

gangue. The persistent  Fissure between the Barnett and Eagle 

nine is composed of a felted mass of' gray radial tremolite 

fibers i n  a matrix of quarts and ca lc i te ,  Under the microscope 

sphene , apatite, and epiaote can a l so  be recogniaed (Fagwe 33). 

With the exception of the adjacent  trachyte sill, there are  no 

nearby lgneourr rocka  even in the southern  extension of the 

Sierra Rlaa, t o  which could be a t t r ibuted t h i s  type of minaral- 

izat ion so generally  characteristic of' contact metamorphic de- 

poaftr. It would thus  appear that the  si l ioatlng  solutions am 

derived frola an independent sowce  although the possibi l i ty  OS 
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opatite 

epidote 

quartz 

sphene 

tremolite 

Figure 33.Thin section of toctite vein at 0ccic)entol  mines  between  the 
EaOle and B m d t  properties. The vein  contains  r.adial  tremolite  needles 
and  prisms,epidote,sphene,  and apatite (Nicols  crossed, diameter 1.45 mm). 
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an intrusive  body  at  depth  cannot  be  ruled  out. , .  

Oxidation~is very  marked  and has produced  such  minerals  as 

chryaooolla,  malachite,  azurite,, and minor  amounts of atacamlte, 

The  occurrence  of  chryaocolla  with  calcite  gangue 4.13 ,analogous 

to that of the  Apache-Chap0 Distriat and  indicates  a  substantial 

introduction  of  silica  from.circulating  waters. 

The-Eagle mine  workings  aonaist  of  two  ahallow  shafts,  two 

tunnels  of  small  extent,  and a few  prospect  holes and trenches. 

Lindgrenl  reports  that  the  northern  shaft is 30 feet  deep  and 

contains  limonitized  replacement  veins of quartz  and  calcite 

with  a  few stringers of galena,  partially  oxidized to cerusite; 

the  southern  shaft i a  40 feet  deep  and  .at  the  bottom,  a  bed, 

two  feet  thick,  has  been  replaced  by  galena  with  small  amounts 

of puartz-caloite  gangue.  Lindgren  describes an eastward  trend- 

ing  drift, 35 feet tong;, followlng  the  widening  orebody;  at  the 

face  there is a  thickness of five to six feet of solid  galena. 

The  workings  have  obviously  been  extended  since  the  above  wa8 

reported for specimens  around  the  dump  also  contain  chalcopyrite 

and  pyrite  asaociated with galena,  Other working8 contain a ’ 

similar  copper-lead  mineralogy.  Secondary  alteration  la  very 

pronaunaed.  and  comzAonly  obscures  the  primary  minerals.  Maverthe- 

leas,  the ore has  only  been  partially  converted to cerueite, 

whereas  limonite  ha8  developed  in  abundanae.  Manganese  oxides 

w e  alao  prevalent. 

hindgren, et  al,  op  cit, p. 347. 
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Daisy Wine 

k Location ' 

The Daisy mine is  located  In tne north  central part of the 

Apache! Rills and about 1-1/2 mlles southeast of the Queens Taste 

alne. It le acceaslble  over a. f a i n t  road that leads from the 

bam of the rhyolite breccia dome eeat of  the Faulkner Ranch. 

History and Froduction 

The depoalt l a  covered by  two patented claims belonging t o  

the Dave Whaley Estate, whose helra a t  present reside in Deming. 

The last  known operation i n  which or$ was extracted occurred 

about 1908. The shipment assayed X& of copper, 18 ounces of 

silver., and $1.00 t o  $5.00 i n  gold,  according t o  Lindgren.1 

Scheelite has bean reported2  but was not  seen by the author. 

. . .  

Q eology 

The country  rock  consiats of the Rud l s t ld  Limestone member 

dlsconfornurbly overlain by thin bouldery beds of the Skunk  Ranch 

fanglonerate  (Plate 10). Thin rhyoflte porphyry intruaions are 

a l so  present but have nP apparent  relation  to  ore  deposition. 

The alneralization  consists of fissure f i l l ings  and is primarily 

confined to  faulta  trending  northeaat, These are probably pre- 

mineral faults i n  which strike-slip dlaplscement is the chief 

component. Other loci of  deposition  include.older  but minor 

lLlndgram, e t  al, op c i t ,  p, 347. 

2Northrop, Op C i t ,  p. 272. 
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Parallel and oblique  vein  fisaures  and  bedding  plane  veins,  the 

latter  largely  replacements.  The  mineralogy is  alike in all  the 

deposits and consists of chalcopyrite  and  pyrite in a calcite 

and  quartz  gangue,  Oxidation  mlnerals  include mlachite, azu- 

rite,  chrysocolla,  jarosite,  hematite,  limonite,  copper  pitch, 

and  pyrolusite,  Other  minerals  that  have  been  reported  include 

primary  bismuth, and secondary  tenorlte, 

The  workings at the  mine are relatively  shallow.  The 

deepest  shaft is about 50 feet  deep  but  most  working8  are  less 

than 25 feet  below the surface. m e  ore  is  generally  confined 

to VeihS  two or three  feet  thick  which  pinch  and  swell.  The 

total  production  could  not  have  exceeded  $10,000. 

fnternational  Mine 

Location 

The  International  mine  (shown  on  the  Victorlo  quadrangle 

as the  sierra ~ i c s  mlnes) IS located  in  the  extreme  aouth- 

western  corner of Luna  County  just  north of the  international 

boundary  between  Border ~oate NOS. 38 and 39. It is acceesible 

either  by a falnt  rutted  road  southeast  from  Victorlo or by the 

road  paralleling  the  border  fence. 

Hietory and Production 

The  first  mining  her%  was  in 1880 by  Volney  Rector  who 

intermittently  operarted  the  mlne  lor  aome 20 gears.  The  mine 

produabd  about 50 tons of  lea&-silver  ore  valued  at $25 per 

ton.  All  shipments  were  made  prior to 1889.  Further  production 
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records  are  vague3  the U.S. Bureau of Mnes  “~neral Resources 

of  the  United  States”  lists a small  production of lead-silver 

ore  in 1917 and in the  period  1924-26.  Further  production 00- 

curred in 1940 and  1941  when M.V. Eaves of Lordsburg  shipped 

about 95 tons of ore  to  the  International  Smelter  at  El  Paso. 

According  to  the  settlement  sheets for those  two  years,  the 

ore averaged 21.32$ of  lead, and 4.1 ounces  of  silver. A ship- 

ment of 65 tons  late in 1941  shared  an  average  value  of 2O.w 

of lead, 4.2 ounwa of‘ silver, and 0.01 ounces of gold. A few 

carload8  of  ore  were  also  shipped i n  1947 by M.V, Eslve8. The 

present  owner is Joseph  Deckert of Denaing. The  mine  consists 

of  two  alaims,  the  Keno and the  Keno  Extension. 

Qeology and Mine  Desaription 

The  ore  dspoegt is locralized  along a normal  fault  that 

atrikes  approximately W.30°E. and has a dip  ranging from 

vertical  to  slightly  northwest  (Plate 11).  The  mineralized 

International  fault is cut  by  numerous and younger  post-ore 

tear  faults of small  diaplaaement.  The  sediments of the  foot- 

wall  are  part of the  Red  Beds  member of the  Howells  Ridge 

formation,  They  Consist of an eastward-striking,  northward- 

dipping  aeries of red  shales,  siltstones,  and  limestone con- 

glomerate.  The  hanging  wall in  the’southern  part  of  the  area 

is  composed of the  same  unit;  however,  this  unit  shows  inter- 

tonguing  relationships  and  almost  wedges  out  completely  near 

the msin shaft. This 1s probably a sedimentary  rather  than 

a struatural  change  since  lateral  lithologic  changes  were 
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noted i n  other parts of the unit. The hanging w a l l  side of the 

fault is  drag-folded and is bounded along Its entire length bs 

a reddish-gray, partially s i l i c i f i e d  sandstone which i s  over- 

l a i n  by oyster-rich  llmestonea i n  the  northern part of the 

area, Berartophyre sills are intrusive i n t o  the lower unit. 

The fault is  mineralized up t o  & point  just  north of the 

main shaft, Suppoaedly it continues as a mlner&lieed  vein fo r  

acme 3,000 feet i n t o  Mexico where it is reported t o  have 

higher values, The vein occupying the f a u l t  ranges Prom three 

to ten feet i n  width and consists of banded massive quartz con- 

taining  various  ore  tenors. A t  the 100-foot shaft near the 

international boundary, the ore is I n  a limonitic  quartz gangue 

with scattered amount8 of galena, chalcopyrite!, and the oxida- 

tion  minerals  mslachite and ceruslte, The ore a t  t h i s  shaft 

supposedly averaged 1% of copper and 60 ounces of silver per 

ton  but this i s  unconSfmed.. It is sinilarly  reported that the 

ore is richer  in  gold and silver on the Mexican aide. 

A t  the northernmost shaft, 250 feet deep, the development 

work consists of a d r i f t  on the 60-foot level  that l a  65 fee t  

long and trends southwest  along the quartz  vein, A winze was 

sunk from the end of the d r i f t  and a croasaut waa driven Srom 

the wlnze. An ore zone 27 f e e t  wide WBS expoaed i n  the croa8- 

cut  and assay values list l @  of lead, 0,s of  copper, 3 ounces 

of silver and traces of gold.1 Ore from the dump surrounding 

t h i s  shaft contains  galena and minor amounts of chalcopyrite 

'Iiorzman, C.W. (1948),  Report on the International and 
Luna mines, unpublished  manuacript. 
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and pyrite i n  a massive quartz gangue. The same specimens alno 

ponsesa chlorite and siderite as post-ore  alteration minerals, 

Cerualte,  limonite, and pyroluaite  represent the oxidation ef- 

facta. Silver values a t  th i s  ahaft were either derived from 

argentiferous galena or from the chloride cerargyrite. A'shal- 

low ahaft between the two described above is  80 feet deep. One 

carload of ore shipped from t h i s  worklng alilsayed 3M of lead 

and 7 ounaes of silver.  

gueens Taste Mine 

Location 

The mine area i s  about 1-1/2 miles BOUthWkSt OS the' in ter-  

reation with a road, recently opened by bulldozer, that leads 

from the hamlet of Continental t o  the Faulkner Ranch. From 

ContinenCal to  t h i s  road intersection is  2-1/2 mlles. 

History and Production 

No trustworthy data on the history, development, or pro- 

duction of th i s  mine could be found. The only  production rec- 

ord  available Is i n  the U.S. Bureau of Wries "Wneral Yearbook' 

for  1930, 1931, 1937, and 1949 and l a  dubious: i n  each of these 

a few tona of laacl-silver  ore were reported t o  have been ahipped 

from the "Lead Queen Mine" of the Premorit District. The last 

work a t  the &ne was i n  1950,antI 1951 when Percy Larsen of 

Hachita d i d  am& asseaamen% work. 
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Oeologg and W n e  description 

The  mine  (Plate 12) consists of nurnexous  prospect  pits and 

shafts  opened  in  quarts  veins in rhyolite and andesite por- 

phyry,  Host o f  the  shafts are very  ehallow;  the  deepeet,  about 

70 feet  deep, i a  in the  extreme  northeast  corner of the  mine 

area.  The major produation ~eems to  have  been  derived  from 

thin  section, 

With a fen  e%ceptiona, a l l  $he  veins  have a northeast  trend 

and dip southeast  about 60". The  exceptions  have  a  westerly 

trend and are not  mineraliaed,  thus  conforming  to  the  previous 

generalization  that  such  veins  are  chiefly barren. 

The rocks  include  plugs  and  dikes of rhyolite  porphyry  and 

flows and dikea of! andesite and basalt  porphyry.  The  oldeat of 

such rocks is andesite;  it is intruded  by  dikes of basalt and 
by the  still  younger  rhgplite porphyry which contains  incluaions 

of andesite. m e  mafiu  rocks  are a part of the  Last  Chance  vol- 

canias. m e  rhyolite  intrusions  probably  occurred  in at least 

two  different  stages, for in  places  the  dominant  violet  rhyolite 

porphyry oontrins  large  inclusions of rhyolitic  composition 

having a strikingly  different color. Both  types  are  younger 

than  andaaite and basalt. 

The  violet  rhyolite ie altered In placee  to  a  white-colored, 

"bleached"  variety,  aharacteriaed  by  intense and almost complete 

converaion of plagioclaae to sericite an8 kaolin.  Sanidlne has 

been  similarly  affected  but to a lesser  degree.  Other  eltera- 

tion  effects  include  chloritization OS hornblende  and  biotite. 
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The  ore  veins  range from two  to ten feet in width.  They 

are  all of the  fracture-filling  type and their  oxidized  parts 

are  characterized  by  malachlte,  much  limonite, and some pyro- 

lusite  or  related  manganese  oxides  or  hydroxides.  Specimens 

from  the  dumps  surrounding  some of the  deeper  shafts  contain 

galena and dlssemlnated  pyrite and chalcopyrite,  the  pyrite 

usually  in  part  converted to limonite  pseudomorphs. m e  

galena is argentiferous and occurs as clusters  of  cubes in a 

CrJrptocrystalline q w t z  gangue.  All  of  the  ore  specimens 

examined  were  relatively  low In galena,  although  occasional 

ones  contained as much as 10 to 1% of lead. 

Wall rock  alteration is very  common  along most of  the 

veins,  chloritizatlon  being  most  dominant and commonly  confined 

to  the  are  shoots  traversing  the quartz vein.  Other  alteration 

minerals  include  calaite,  siderite, and a type  of  quartz  intro- 

duced  later?  The  chlorite i a  the  earliest  alteration  mineral, 

for in some of  the  veins  the  wall  rock  alteration  zone has 

chlorlte  breacia  fragments  cemented  by  calcite and siderite. 

!me alteration is later  than  the  mineralization, 

The  mineralization  assoclotaa  with  the  intrusion of the 

rhyolite  la  localisred at  three  different  places.  One is along 

the  contaat  between  the  bleached  rhyolite and the  violet 

rhyolite. In one  variety,  the  alterstlon  contact ia very 
gradwl and  the  ore  vein  usually  occurs in the  bleached  rhyolite. 

Hlneralization was rather lean and the  mining  activity  was con- 

fined  to  the  proepect  and  very  shallow  test pi t s .  Ore apeci- 

mens Srom these  veins  contain  only  sparsely  disseminated  galena 
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and chalcopyrite. 

me second place of mlnerallzation is  along basalt dikes 

intrusive Into the andeeite porphyry, The veins   in  th i s  group 

seem t o  have been the moat productive a8 estimated by $he depth 

o f  the shafts an8 the compsrativo! richness of the ore   in  them. 

This i s  illwtrated at the northeast group of workings where 

the mining seom~ t o  be the most intense. 

The th i rd  locus of aineralization l a  i n  quartz  veins 

cutt ing either andesite OF violet  rhyolite.  l4lneraliaation 

I s  very  alight with the exoeption of galsm uubes and oxidized 

mlnerals . 
B i g  Shlner Mininit Area 

Location 

me Big Shiner area is  southwest o f  the Chapo  mine  and is 

easily reached by a partially graded road, readily accessible 

f r o m  the direction of the Laat Chance  mine. 

Iflstory and Production 

The mines i n  this  area include the Big Shiner nine, the 

Last Chance  mine, the Malrland mine, besides unnamed numerous 

ahallow shafts and prospect  holes  (Plate 13). Production 

records  are  scarce and vague.  About 80 tone of copper-silver 

ore were shlpped from %he Last Chance  mine I n  1948 and an un- 

known amount in  1949.  ApproxZmately a carload of lead-silver 

ore was extrauted from the Maairland mine i n  1950. Production 

figures are lacking for  the other m%nea. 



Last  Chance Wne 

m e  .workings (Plate 13) at.  the  Laat  Chance  &ne  consist 

of a 250-foot  shaft and 80186 prospect  holea.  The  ore  deposits 

are  localized in more or less  steeply-dipping  east-west  frac- 

turee in rhyollte  porphyry  dikes  that are intrusive  into  the 

andeaites and basalta, of the m a t  Chance  volcanics,  The  fia- 

surea arc quartz  filled and In addition  contain  disseminations 

of  galena,  pyrite,  chalcopyrite, and rare  aphalerite. Oxida- 

tion has produced  malachite,  limonite,  and  smitheonite,  Alter- 

ation  of  the  voloanics Is associated  with  the  intrusion of the 

rhyolite  but is earlier aa the  dikes  contain  altered  volcanic 

fragments. The alteration  mineral8  include  abundant  chlorite 

and  lesaer mounts of  limonite,  calcite,  siderite,  and  second- 

ary  quartz.  Chlorite haa also  locally glven'the rhyolite a 

green  color  indicating  that  chloritizatlon  continued  after  the 

rhyolite  was  intruded.  shallow  workings  east  of  the  ehaft  con- 

tain  chlorite  alteration  zonea  together  with  some  manganese 

a,talns,  The  two  holes  to  the  southeast  expose  an  ore  zone 

similar  in  Composltion  to  that  of  the  shaft, 

A section o f  a specimen of ore  from  the  shaft  shows  the 

following  paragenesis:  pyrite  (early),  galena,  8phalePite, 

and  chaloopyrits  (late) - the  latter as cunelform  bleb8 in 
sphalerite, 

Big Shiner  Bine 

Operationa at the Big Shiner  mine  conalst  of  one  shallow, 

timbered, and Inclined ehaf't and an even  shallower  vertical 
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shaft to the  west.  The  ore In the  first  shaft is locallzed 

along a chloritlzed W r t  of  the  volcanics,  occurring In a 

quartz-fllled  fracture  zone,  five  feet  wide,  between  chloritlzed 

and  unaltered  andesite.  The  ore  minerals are  well  arystalflted 

marmatla  sphalerite,  chalcopyrite, and galena  cubes.  Oxidation 

has  caused  the  formation of malachite and of smithaonlte  in 

well  developed  curved  rhombic  plates. No analysis of the  ore 

was avallable  but  an  estimation  of  grade fpom the  speclmene  on 

the dump would  be  about 1% of zinc, 5% of copper,  and 2$ of 

lead. 

Malrland m n e  

The  MPlrland  mine  is  composed  of s steeply  sloping  ln- 

cllned  shaft  about 60 feet  deep,  that  follow0 a quartz vein 

two  to  three  feet  thlck.  The  vein has an  east-wesl  trend and 

Is localized In andesite  or  basalt.  The  mineralization  con- 

sists  of  galena,  chalcopyrite,  and  pyrite  in a crystalline 

quarta  matrix. mlachite stains  are  also  preaent. 

Prospects 

A few  shallow  holea  approximately N.30°E. of  the  Last 

Chance  shaft  contaln  sphalerite  and  siderite In quartz  velna 

and  veinlets  associated  with  chlorltlzed  zones In andesite. 

The  trench  to  the  east  exposes a quartz  vein  localized  along 
the  contact  between a felsite  dike,  forming  the  footwall,  and 

andesite. The ore  zone Is about  two  feet  wlde and include8 

dlssemlnatlone  of  galena,  pyrite, and sgh&lerite. 



The  working6  just  northeaet of the Big Shiner mine consist 

of ahallow  inclined  pits  that  follaw a quartz vein  in  an  altered 

andeaitei  the  alteration  ia a reault of aericitization of plagi- 

oclase.  Xlneralization In the  vein  includes  chalcopyrite  and 

mlnor galem. Oxidation has reaulted in the  formation  of  mala- 

chite,  azurite,  ohrysotolla,  8nd  some  bornite. 

%una  Mine 

Location 

The Luna  mine  (Plate  15)  la  in  the  north  central  part OS 

the  Apache  Hills  about B qwrrt;er  of a mile  east o f  the  Faulkner 

Ranch.  It is easily  reached  by  roads  from  Hachita,  from 

Continental,  and from a road  that  takes off from the  airplane 

beacon  on  State  Highway 9 ,  

History  and  Produot;ion 

.The mine  aonaiata of four alaims,  the  Lobo Noa, 1, 2, 3, 
and 4, The only  known  produation  oecurred in the.  1940,s  when 

M,V, Eaves of  Lordaburg  ahipped 11 tons of ore which  averaged 

1% of lead, 1% of zinc,  and 4.5 ounces of silver, At present, 

the  mine is ouned  by  Richard  Faulkner. 

aeology and  Mlne  Description 

m e  mine  has 8 shaft  150  feet  deep. A tunnel  northeast of 

the  shaft,  about 50 feet  long, denigned to Interaect  the  shaft, 

wan  never  aompleted, 
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Quartz  veins  in  latite  porphyry flow have  .greatly  chlori- 

tized  margins.  These  account for the  mineralization.  Ore 

minerals,  however, are not  everhwhere  associsted  with  theae 

alteration  zoness  which in addition  to  chlorite  also  contain 

calcite,  quartz, and siderite;  these  replace relarrpa??. The 

metallic  minerals  galena,  sphalerite,  pyrite,  chalcopyrite, 

and  copper  oxides  are  later than the  quartz o f  the  veins  but 

earlier  than  the  alteration Ipinerals. Chlorite and siderite 

vhinleta  traverse  the  ore  minerals. 

The rocks here are mainly  latitic  flows,  These are alight- 

lg faulted to the  west. A thin  unaltered  and  faulted  rhyolite 

porphyrx Clika is apparently  unrelated to the  mineralization, 

The Plain sulfide  concentration i a  noted st  the  shaft  but  paral- 

lel  fissure8  occur  to  the  north  and  aouth. 

Christmas  Mlne 

Location 

The  Chriatmas  mine  (Plate 16) is located on the  northwest 

flank of the  Apache  Hills  about fZve milea Prom Hachita.  It 

is reached  by a poor  trail  that  begins  two milea from  the  inter- 

nection  with  the  Apache  mine-Hachita  road. 

History 

The mine is covered by two claiars, the Geiger and  Qeiger 

No. 2. It was operated  by  Albert  Pitch o f  Hechita but  produc- 

tion  racorda  and  aaaaya  were  not  available, From indications of 

the  dumps,  one  carload of ore,  at  moat, waa shipped, 
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Geology and Hlne Description 

The  mine  le  developed  by an Inclined  stope 100 feet  long, 

15  feet  wide,  and  about 30 to 40 feet  deep  on  the  incline. 
Other  shallow  workings  occur  north and south  of  the  stope. 

The  ore  veins  strike  approximately  north-south  and  dip 

westward.  They are  confined to a felsite  dike  that  traverses 

the outer margin of the  monzonite  porphyry  facies  of  the  com- 

po8lte  stock.  The  ore  zone at the  stope I s  5 to 15  feet  wide 
and consists of cloaely  fractured,  qusrtz-filled  veins and 

veinlets  containing  galena  cubes,  sphalerite,  pyrite,  and 

chalcopyrite.  !4lneralizatlon is weak and the  ore'trontent 

probably  does  not  exceed !j$ of lead and 59 o f  zinc, The felsite 

adjacent  to  the ore zone  is  bleached by Intense  kavlinization, 

The  metallic  mlnerals  have  only  been  slightly  oxidized  to 

malachite  and  chrysocollal  Limonite  pseudomorphs  after  pyrite 

are common. Manganese  staining  and  addltlon of ferruginous 

q w t z  are  noticeable.  Other  workings  show a similar  fracture 
and  alteration  pattern  though  chlorite  is  more  evident,  The 

alteration  mlnerals  are  later  than  the  are. 

Prospects 

The Ford prospect  about  two  miles  northwest of the  Inter- 

national  mine  is  compoaed of two shallow  vertlcal  pits  each 
about  15  feet  deep,  The  claims  were  staked  and  are  still  owned 

by  AltOn ~ o r d  of the  HatUhet  Ranch.  The  mineralization  consists 

of  oafcite  replacements In oyster-rich  limestone.  Metallic 
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minerals  include  galena and sphalerite,  Oxidation  is  very 

marked1  where  g8lena and spwlerlte are contiguous,  sphalerite 

is reduced or missing and its  only  vestige is the  outline of 

ita  crystal )om. 

The  Vanadium  Lead  proapect  is about five  miles  southwest 

of the  Doyle  Well  and  consist8 of one  claim  ataked  in 1948 by 

James Hiller an6 o%hers of  Hachita.  The  claim  contains a shal- 

low  prospect  hole in bedrock,  an  orthoquartzfte.  Mineraliza- 

tion  occurs in a quartz zone in an area of chloritlzed  and 

brecaiated  country rook, with  rninar mounts of galena,  limo- 

nite,  and  manganeem  stains in the  cement. 

me copper  valley (or Silver vatlley)  prospect is about a 

mile  northwest  of  the  Vanadium  Lead  prospect.  Et  consists of 

four  pits  dug  in 1919 and 1926 by  Mzchael  Wilcox and others o f  

Hachlta.  Proapecting  was  carried on along  iron  and mnganese- 

stained  quarts  veins in orthoquartzite. m e  veins  trend  east 

and  have a vertical  dip,  Xetallic  minerals  inalude  galena and 

chalcopyrite,  partially  oxidized to malachite,  Vanadium was 

supposedly  found  here a8 well as in  the Vanadium Lead  prospect, 

but no vanadium  mlnerola  were  observed, 

The  Quartz  prospect  southeaat  of  the  Last  Chance  mine  in- 

cludes  three  prospeet  pits  develop@d Sn andesite  flows.  Quartz 

veins  parallel  to  the  bedding  contain  minor  amounts of galena 

and  pyrite. 'The proapect was worked  by  Michael  Wilcox  in  1937. 

The  other  prolrpscts  listed  below are located  in  the  SierFa 

Rica,  The  Rattlesnake  prospect, about seven  miles  southwest o f  

the  Doyle  Well,  is  reached  by a poor  road  headtng  nest from the 



well. The workings consist  of one inaccessible  shaft of unde- 

termined depth and B O B L ~  prospect  holes. Some lead-silver  ore 

waa shipped in 1923. The mine was claimed by Edward Blynt of 

Nachita ea r ly   i n  1953. Mineralization  occurs in   the Limestone- 

Sandstone member and consists of quartz veins heavily  stained 

by manganese and iron.  Jaroaite, seemingly lead bearing, is an 

abundant assoclate. No sulfides were noted i n  any of the frag- 

menta  on the dump. 

1 

The Caaher prospect,  about a mile northeaat of the Rattle- 

snake  prospect,  consists of a small tunnel  In the Rudistid Lime- 

stone member following a bedding plane  vein composed  on calci te  

and disseminated  galena and pyrite. Oxidation  minerals  include 

limonite, pyrolusite, and siderite. 

The Pick and Shovel proapect,  one-quarter mile northweat 

of the  Rattlesnake  prospect,  consists o f  a trench 15 feet deep 

i n  the Limestone-Sandstone member.  Minor amounts o f  galena and 

pyrite occur in  quartz  veins. 

The Weatherford prospect  ataked i n  1953 by Ollie Weatherford 

and other6 of Hachita is located  near the international  border 

about 0.3 miles south of Border  Post No. 42. The prospect con- 

s i s t a  of a shallow p i t  i n  limestone which contains 8 quartz zone 

rich  in  chrgeocolla and limonite. An unconfirmed'repwt ho1ds 

that the copper ore averaged  about $30 per  ton. 

SUMMARY OF ORE DEPOSITS 

The are  deposits of the Apache Hills end Sierra Rica may 

be subdivided in to  two genetic  classes. One class  would include 

'U.S. Bureau of Mines and U.S. Geological Survey, 1923, 
Mineral Resourcare of the United States.  
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tihe Apache-Chap0  Mining  District,  Occidental  mines,  the  Daiey 

mine, and the  International  mine.  All these.are characterized 

by  the  following:  structures  that  trend  similarly  and  are 

uaually  north  to  northeast  voina and replacement  fiasurea; 

minerrlogy  of  the  high  temperature  typet  tactite  zones at the 

first  Cwo,  scheelite  at  the.i)alsy  Mine;  a  relatively  high  grade 

of  ore  which was operated  sporadically;  aimllar  gangue  minerals; 

and a country  rock  predorsinantly  limestone, 

The  other  class  of  mining  prospects  occurs  in  Tertiary 

Igneous flows and is charactarleed by low  grade  but  generally 

alPlilar sulfide  mineralogy  of a SpoGty and non-perslstent  char- 

acters  close  proximlty to rhyolite  porphyry or felsite  intrus- 

slves with  which  the  ore i a  genetically  related;  and  similar 

gangue and alteration  minerals.  Abundant  siderite  and  chlo- 

rite  seem  to  be  representative of the  alteration  haloes of 

this  class OS depositsl  whereas  epidote,  other  ailicates,  and 

aarbonates  are  dominant  alteration  minerals l.n the  Sirat  class. 

FUTURE  PROSPECTING 

The  outlook for developing  new  ore  bodies  or  extending  old 

ones  appears  to  be  brightest in the  Apache-Chap0  Mining  District 

and  other  properties  where  ore  deposition  has  occurred  in  lime- 

stone.  fn  these  areas  structural  control6  are  moat  pronounced 

and  locally  fractures  and  raults  antedate  the  ore.  At  the 

Apache  mine  a  most  likely  place  for  ore  locali&ation  is  at  the 

postulated  intersection  of  the  Indian  and  McKinley  faults. It 

is surprising  that  exploration  work  was  not  conducted  hitherto 



215 

at  this  site.  Another  promising  area  includes  the  limestone 

adjaoent  to  the  Indian  fault  which  is  mineralized at the sur- 

faoe and has  only  been  explored  at  the  Indian shaft. The 

tremolitized  and  silicated  limestone  shows  no  sulfide  mlneral- 

ization  elsewhere  along  its  length,  but  the  contiguous  lime- 

stone-rhyolite  breccia  and  the  preeence of croaa-cutting 

raulta  suggest  that  ore  deposition  would  be  present  in  such  an 

environment  if  anywhere  else.  Considering  the  association  of 

chalcopyrite ~ 1 %  tactite  eonea,  copper  mineralization  is moat 

likely. 

The  sediments of the  Apache-ahapo  mine  are  part of the 

Limestone-Sandstone  member.  At  the  Chapo  mine,  they  form a 

fairly  thin  section,  underlain  by  the  Rudistid  Limestone  member. 

East of the  Chapo  fault,  recrystallized  sandstonee  appear and 

extend t o  the  Indian  fault.  These  sandstones  represent  the 

lower  portion of the  Limestone-Sandstone  member. At a depth of 

500-600 feet  drill  holes  should  interaect  the  underlying  Rudistid 

Limestone,  which  under  those  favorable  structural and lithologic 

conditions  might  well  be  the  site of ore  deposition. fn addi- 

tion,  the  beds  against  the  fault  will  probably  be  upturned. 

Exploration and development  work  along  the  entire  length  of  the 

Indian  fault  should  show  similar  favorable  conditions.  Fair- 

sized  ore  bodies  might  be  expected  at  the  intersections of the 

Indian  fault  with major faults  trending  normal  to  the  Indian 

fault.  The  trace of these  oross-cutting  faults,  a  zone of 

atructural  weakness,  is  invariably  the  site of an  arroyo and 

ia  accordingly  covered  with  recent  alluvium  that  obscures  any 
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ore  deposit  present  on  the  surface. 

The Occidental,  International, and Daisy  mines  present a 

somewhat  different  problem.  The  workings in these  properties 

are  shallow and do not yield a good  picture of the,extent of 

mineralization,  All  possess  favorable  structures and litholo- 

gies and many of the  workings  show  an  apparent  increase  in  ore 

grade  with  depth. This is especially  true  in  regard  to  the 

Oocidental  mines  with  which  tactite  minerala  are  associated 

and where  many of the workings may  be  cited as illustrioua of 

increasing  grade. 

The  ore  deposits  aonfined to volcanics  and  associated 

with  rhyolite  may  be  virtually  diaoounted as reservesi for the 

most  part,  the  or0 is confined  to  thin  quartz  veins,  occurs in 

sporadic  irregular  shoots,  and  io  commonly of low  grade. 

In review,  then,  the  best  prospecrts  for  the  development  of 

future  ore  depoaite in the  Apache  Hills anu Sierra  Rica  lies in 

the  Apache-Chap0  Mining  District  since  ore  concentration  there 

should  be of higher  tenor,  probably  reaching  commercial  grade. 
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